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Abstract 

The residential real estate industry is lacking behind technological innovation. Brokers need to 

adapt to dynamic, technology-centered environments. Innovation and retraining are firms’ best 

chances of survival. This thesis addresses the European market’s attractiveness and analyzes 

the industry’s most important technological trends. Internet of Things (IoT) has a high potential 

for energy optimization in residential real estate. Through Smart Houses, IoT can efficiently 

use the overall building-related energy, reducing costs and approaching government set 

sustainable goals. Through conducted surveys, the adoption of IoT features in households 

shows an increase in the past five years with continuous expected growth.  

 

Keywords: Real Estate; IoT; Sustainability; Smart House; Smart Appliance; Smart Cities; 

Circular Economy. 
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1 Introduction  

While other industries saw major disruptions due to technological advancements, the real 

estate (RE) industry has so far been slow to innovate (Tawania and Rao 2020). According to 

Ullah et al. (2018), the industry is five years late on technology innovation. However, although 

RE has been slow to keep up with the times, the next wave of technology disruption is expected 

to have a significant impact on how the business is conducted. The business environment is 

getting aggressive, and customers are becoming more demanding as the digital transition 

progresses (Schwager and Meyer 2007).  

The objective of this paper is to first comprehend the need for innovation in RE and 

ultimately understand what these key innovations will be. For the purpose of this research, the 

focus will be on the residential RE market in Europe. In the group contribution an overview of 

the European industry, analysis on past trends impacting RE and an exploration of the next 

wave of technological disruption are presented. A special focus will be given to future platform 

models in RE and three specific innovations impacting the industry in the near future, which 

will constitute each member’s individual contribution to this thesis. These innovations include 

Virtual Reality (VR), Augmented Reality (AR), Internet of Things (IoT), and Blockchain & 

Smart Contracts. Individual contributions provide a general overview of respective innovations, 

their importance, applicability, and potential impact. 

This paper addresses an important issue for European RE industry stakeholders and future 

market entrants. As new technologies start disrupting the industry, it is important for companies 

and agents to understand how their business will be impacted and where their focus should be. 

While these technologies are vital for the industry’s growth, they can also represent a challenge 

for businesses that are reluctant to innovate (Tawania and Rao 2020). Therefore, an increased 

concern must be given to the understanding of the next big disruptions shaking the industry. 

Real estate players should know how to take advantage of these in order to achieve business 
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development, satisfy customer demands and stay competitive in the fierce business 

environment (Grant and Cherif 2016). 

 

2 Literature Review  

2.1  Real Estate History 

Floyd and Allen (2002) define real estate simply as the “land and things attached to it”. The 

term covers any property that is willing to be bought, sold, rented, or exchanged for other goods 

or services (Graaskamp 1981). Throughout time, real estate has been influenced by changes in 

economics, politics, demographics, and technological advancements. 

At the end of the 18th century began one of the most influential revolutions of modern times, 

the first Industrial Revolution. Production processes became mechanized, leading to the mass 

production and opening the door for other industries to follow their lead and increase 

productivity (The Economist 2018). Technological advancement allowed for a relatively better 

standard of living and increased labor productivity, which led to growth and prosperity in 

European countries (Maddison 1995). Within the first decades of the 20th century urbanization 

accelerated and created the need to build collective spaces in the cities, such as factories, 

hospitals, schools, housing blocks (Britannica 2020). Innovative construction techniques and 

materials were developed such as reinforced concrete, steel frames, curtain walls, or ribbon 

windows (RIBA 2021). Thus, architectural functionalism was born. It is based on an innovative 

concept that tries to join the form of a building with its specific function, thereby minimizing 

costs and presenting great sobriety and volume in buildings (Craven 2018).  

In 1914, World War I began, and the growing prosperity slowed. Economies contracted and 

the Gross Domestic Product (GDP) of Western European countries declined and did not return 

to pre-war levels until a decade after the war began (Maddison 1995; Edelstein and Edelstein 

2020). Many countries changed their borders and vast landscapes were damaged (Smith 2021). 
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While the war brought destruction, industrialization continued to grow, and new jobs were 

created to rebuild cities and repair infrastructure (Eichenberg 2019).  

After the war, parts of Europe experienced a period of relative prosperity. In 1933, the 

Charta of Athens was agreed upon. It aimed at separating working districts from living districts, 

ultimately leading to the concept of car-friendly cities, and fundamentally reshaping the 

physiognomics of European cities (Rubin 2009). The period of relative prosperity ended with 

the start of World War II 1939. The death toll was estimated to be around 39 million, double 

the estimates for the First World War (Maddison 1995). The constant ground fighting and 

bombing led to the destruction of RE and many people were forced to leave their homes 

(Kesternich et al. 2012). After the war ended, the United Nations (UN) was formed to restore 

peace and prosperity (UN 2011). As had been the case since the mid-1800s, most jobs and 

educational institutions were located in major cities. Modernism continued to impact city 

landscapes and functionality as urbanization increased the demand for affordable housing in 

the suburbs (Vidal-Abarca et al. 2016; Craven 2018). 

Between 1945 and 1975, pressured by the UN and weakened by the war, European countries 

left Africa and Asia in a process called decolonization. This process continued to stimulate the 

construction of houses to accommodate people returning from those colonies (Peralta 2019; 

Getachew 2020). Nowadays, there is still migration from rural areas to urban areas and 

buildings continue to adapt to the new necessities while integrating new technological 

advancements (Vaisi 2012). 

 

2.2  Industry analysis 

Within the industry analysis, the macroeconomic development of the European Union (EU) 

is analyzed to assess its market attractiveness. Moreover, real estate types are divided into four 
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segments: Office, Retail, Logistics, and Residential. Finally, the competition in the European 

RE brokerage market is scrutinized to understand industry pressures. 

 

2.2.1 Macroanalysis 

From a chronological perspective, it is essential to understand the factors responsible for 

the growth and decline of the European economy, as they correlate with the ups and downs of 

the housing sector (Martins et al. 2021). For instance, after each major economic downturn, 

Europe shows a sharp recovery, with each country having its specific demand characteristics. 

In recent decades, the demand for RE in Europe has been on the rise, changing dynamics of 

house prices, supply, and demand (CaixaBank 2020). Affected by economic growth, this 

demand led to changes in property prices, homeownership rates, and various monetary policy 

changes. A discussion of these aspects from a macroeconomic perspective is presented below. 

These different characteristics contribute to the focus of this paper on Europe. 

Economic History of EU 

Between 2000 and 2007, most European countries experienced slow growth in house prices. 

Some countries even experienced negative growth, such as Germany and Portugal. The 

countries that experienced high growth rates during this period, e.g., Latvia and Spain, grew 

due to monetary policies that lowered interest rates (Martins et al. 2021). These monetary 

policies facilitated purchasing a home with much lower down payments. After the global 

financial crisis (2008) and until 2012, Europe experienced slow growth in economic activities. 

After the European debt crisis in 2012, the European economy recovered well and even 

continued to grow (Deloitte 2021). This growth continued until the recent economic disruption 

caused by the Covid-19 pandemic, resulting in a worse economic situation of declining GDP 

then the 2008 financial crisis. The damage control process has forced governments and 

European Central Bank (ECB) to print money and make various fiscal changes that have been 



   
 

7 
 

leading to recovery in several countries. According to CaixaBank (2020), the higher 

employment rate over the last decade, combined with higher disposable income and positive 

economic growth, has increased housing demand and property prices in the European housing 

market.  

As indicated earlier, banks play a crucial role in determining the potential development of 

houses based on the monetary policies they pursue. However, Martín, Moral-Benito, and 

Schmitz’s (2019) research argues that house prices can also determine the status of an economy. 

The high exposure to financial instruments (i.e., leverage, loans) from advanced economies 

contributes to higher construction rates and house prices, thus lead to a potential housing 

bubble. This is observed in the case of Spain between 1995 and 2007-2008. The same research 

also suggested that when Spain’s housing bubble burst, banks handed out higher credits that 

increased risky mortgages. As a result, this increased the probability of a financial crisis. Thus, 

suggesting that the housing cycles can be correlated with spillovers in an economy (Martín, 

Moral-Benito, and Schmitz 2019).  

Geographical Disparity in Europe  

The European housing market is characterized by its differences rather than its 

commonalities. A report published by the European Commission in 2021 finds a correlation 

between European housing cycles and vast differences between each country’s housing markets 

(Martins et al. 2021). Regarding the rate of homeownership, countries across the EU vary 

considerably. While rates are high in Hungary (91.3%) or Slovakia (92.2%), rates are much 

lower for Portugal (77.3%), France (64%), or Germany (50.4%) (Eurostat 2021). In addition, 

the household mortgage debt to GDP diverges strongly among EU member states. On the low 

end, Romania exhibits a household mortgage debt to GDP ratio of 15.4%. Portugal is slightly 

above average with 63.5%, and Denmark is located on the high end with 110.2%. Not only does 

the amount of indebtedness vary but also the characteristics of mortgage debt. For example, 
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fixed-rate mortgages dominate in Germany, Belgium, or France, whereas in Portugal, Spain, or 

Italy, adjustable-rate mortgages are prevalent (Albertazzi, Fringuellotti, and Ongena 2019). 

This difference explains to a certain degree why housing cycles in the EU show less 

synchronization than business cycles (Rünstler and Vlekke 2018). Martins et al. (2021) also 

found that structural differences can be attributed to each country’s individual development in 

the past. It is suggested that, although these differences are significant, they do not tend to 

change much over time, implying that structural peculiarities are relatively constant. 

EU Outlook 

The European RE market is estimated at a total of €860.3 billion in 2021, and this is 

expected to increase to €921.1 billion by 2025, with a compound annual growth rate (CAGR) 

of 1.6% (MarketLine 2021b). In comparison, the CAGR between 2016 and 2020 was 1%, thus 

showing a good, compounded growth overall. Similarly, transaction volumes in the European 

RE market are expected to grow by 1.2% annually between 2020 and 2025. In contrast, the 

CAGR of the RE market volume between 2016 and 2020 was 0.9% (MarketLine 2021b; 

Appendix I).  

Again, this shows strong growth, even after the Covid-19 pandemic. Overall, while the RE 

market is looking at relatively strong upcoming growth, its development can be closely linked 

to the net economic growth of Europe. This growth is due to the correlation of financial 

activities such as mortgage rates, which can be strongly affected by any macroeconomic shock 

(Cunha and Lobão 2021; Reichert 1990). These macroeconomic shocks can also create an 

imbalance in housing prices caused by the disequilibrium in supply and demand. This is evident 

when low mortgage rates allow for more property sales, leading to higher homeownership rates. 

The European GDP was in a position of slow growth between 2008 and 2012 due to the 

global financial crisis and the European debt crisis, respectively. However, with a projected 

annual GDP growth rate of 4.2% and 4.4% for 2021 and 2022, respectively, Europe is on track 
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to achieve its fastest economic growth since 2017. Spain and France are expected to lead this 

growth (European Commission 2021). Between 2021 and 2026, the EU’s GDP is expected to 

increase from $17.07 trillion to $22.14 trillion, indicating a long-term slowdown. By 2030, the 

EU’s GDP growth rate is projected to be -0.36%, another slow projection (International 

Monetary Fund 2021).  

The ECB continues to support the European economy with its low-interest monetary policy. 

Most importantly, the Pandemic Emergency Purchase Programme (PEPP) was initiated in 

March 2020, buying up securities for €1.85 billion (ECB 2021). As a result, EU27 states can 

keep increasing their debt at low interest rates, stabilizing financial markets in the short-term 

(Ghiaie 2020). Although inflation was low during the pandemic in the EU27, considerable 

increases in inflation were recently reported (Appendix II). According to Eurostat (2021), 

average European inflation arrived at 4.1% in October 2021, representing the highest level since 

inflation data was first collected in 1997. With regards to interest rates, the situation stays 

favorable for RE investors in Europe. Short-term interest rates remain low and are not expected 

to increase at least until 2023 (CBRE 2021).  

Overall, it can be said that the European market is characterized by strong disparities and 

uncertainties. The Covid-19 pandemic imposed tough macroeconomic challenges, which were 

countered by the ECB with the PEPP. The financial policy is projected to remain ultra-

accommodative due to low interest rates (CBRE 2021). In combination with rising inflation, 

the attractiveness of brick-and-mortar assets to investors increases in the short term. However, 

the medium- and long-term outlook is considered negative because of the continuously 

shrinking GDP. 
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2.2.2 Real Estate Types 

In European RE, numerous distinct segments exist on the market. It encompasses traditional 

asset classes such as commercial or residential, but also more specialized classes like hotel, 

healthcare, or entertainment (CBRE 2021). This research focuses on the main commercial RE 

types (office, retail, and logistics) and residential RE. This section aims to provide an overview 

of the most important asset classes and assess each sector's investment attractiveness. Key risk 

factors for each sector are analyzed and a market outlook is provided. Ultimately, this section 

provides the foundation for determining on which RE type the focus of this research should be 

put on.  

Office 

The office market segment encompasses all types of RE space associated with professional 

working environments. It includes all sizes, ranging from co-working spaces to office buildings 

(Poleg 2020). However, it only applies to office spaces affiliated with the tertiary sector and 

does not include home offices (CBRE 2021). One of the key indicators within the industry is 

the so-called “take-up”. It describes the “cumulated floor space of all new lettings or sales to 

occupiers that will be used as offices” (ImmoStat 2019). Take-up for office space in Europe 

equaled 9 million sqm in 2020, representing a decrease of 40% when compared to an office 

take-up of 15 million sqm in 2019 (BNP Paribas Real Estate 2021b). The pan-European 

vacancy rate for office space is expected to increase from 7.2% in 2020 to 8% in 2022. 

However, the prime rental growth continues to grow at an average of 0.6% in 2022 with an 

average prime total return of 6.36%, thus maintaining its attractiveness for investors. In 

contrast, investment volume in office space decreased by 29% in 2021 due to the Covid-19 

pandemic, arriving at €92.3 billion in 2020. The general outlook for office spaces is complicated 

to determine due to the unknown long-term effects of the pandemic. Nevertheless, it is assumed 

that a 20% surge in employees choosing home office will transfer into a 10% decrease in 
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occupier demand (BNP Paribas Real Estate 2020b). Therefore, the actual impact on demand is 

yet to be determined. Also, the long-term development of the office space segment depends on 

the industry's ability to adapt to the increasing demand for environmentally friendly spaces. A 

key risk factor is that new building developments cannot meet long-term environmental 

requirements, necessitating re-development in the future. 

Retail 

Retail REs are properties that are solely utilized for the purpose of marketing and selling 

consumer services and goods (Gilmour 2019). Investment volume in the retail sector decreased 

by 17% from 2019 to 2020, arriving at €37 billion in 2020, the lowest value since 2012 (BNP 

Paribas Real Estate 2020d). The majority of the investment volume, roughly 32.5%, is directed 

to Germany, while 2.5% flows to Portugal (BNP Paribas Real Estate 2020d). In Europe, high 

street prime rents are deemed a key indicator for the industry. It shows the highest rental value 

for a top trading location, such as the Avenida da Liberdade, in Lisbon (BNP Paribas Real 

Estate 2020d). Differences between countries and cities across Europe are large. Average high 

street prime rents range from €135 per month per sqm in Lisbon to €300 in Berlin and peak at 

€1,986 in London (BNP Paribas Real Estate 2020d). A central challenge of the industry is to 

adapt to the Covid-19 pandemic and its corresponding changes in customer behavior. It is feared 

that consumers' shift to online shopping could be constant, especially due to the surge of online 

grocery buying and e-commerce (BNP Paribas Real Estate 2021c). However, BNP Paribas Real 

Estate observes a strong correlation between retail sales and consumer immobility caused by, 

for example, national lockdowns. It becomes clear that retail sales strongly rebounded after 

each mobility shock, emphasizing that decline in demand is primarily attributable to external 

shocks rather than general changes in customer behavior (Appendix III). This is further 

underlined by the fact that 74% of consumers in the EU and the US prefer to buy products in 

local stores or collect them in-store (Uberall 2021). Another positive outlook for the industry is 
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the consumers' trend towards sustainability. Social and environmental costs associated with 

online shopping and returns are high. The growing importance of environmental friendliness 

for consumers could decelerate the advancement of e-commerce and yield an opportunity for 

traditional retailing (BNP Paribas Real Estate 2021c). 

Logistics  

The logistics RE market can be defined as facilities related to distribution, warehousing, 

industrial, and commerce-related system such as fulfillment centers (BNP Paribas Real Estate 

2021b). The logistics market is a critical part of the industry, supporting most commerce 

activities of a country. The rise of e-commerce and the importance of supply chains have only 

increased the forecasting of its market size (JLL 2021). Fueled by this exponential growth, the 

European logistics sector saw a 30% year-over-year increase between Q1 2020 and Q2 2021, 

with over $53 billion injected in 2021. This makes the logistics sector the biggest after the 

residential market and one of the best performers during the Covid-19 pandemic (BNP Paribas 

Real Estate 2021a; Savills 2020).  

Furthermore, BNP Paribas Real Estate (2021b) also pointed out that the logistics and 

industrial sector is slowly catching up with the others in market share. This is a result of strong 

and resilient growth, which saw investments go up by 400%, whereas the market share 

increased by 100% over the last decade. This market share was deducted from the office and 

retail segment of the RE industry, resulting in increased investment volume by 9% in 2021. As 

such, the average rental growth is expected to increase between 1-2% each year until 2025 

(BNP Paribas Real Estate 2021a). 

The Covid-19 pandemic highlighted the logistics sector’s demand for warehouses and 

commercial buildings’ focus shift from international distribution to regional (BNP Paribas Real 

Estate 2021b). As a result, higher demand not being met by the lower supply and higher 

domestic warehouse demand resulted in many central European countries benefiting from rising 
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returns on investment (JLL 2021). Over the coming years, this demand is expected to continue 

rising, led by the rapid technological adaptation in supply chains and distributors globally. 

Followed by the residential sector, BNP Paribas Real Estate’s forecast (2021b) also points out 

the logistic sector as having an impressive potential for rental growth in the mid-long term.  

While the future of the logistics market remains bright, the manufacturing and industrial 

sectors of the logistics market can face uncertainties and risks. These risks include the 

interruption caused by new restrictions and lockdowns. This disrupts the demand, leading to 

supply chain issues (BNP Paribas Real Estate 2021c). 

Residential 

The residential RE market is composed of apartments, homes (family and single), villas, 

and various other housing projects such as student residences. It is also the largest sector in the 

global RE industry, with a value of over $258 trillion, an increase of 8% from 2019. In addition, 

this sector accounted for about 79% of the world’s value of RE in 2020 (Savills 2021). While 

the Covid-19 pandemic saw major lockdowns, most European countries witnessed a surge in 

demand for houses during the later stages of the pandemic. A factor for this growth can be since 

governments across the globe, in the wake of the pandemic, have reduced interest rates. This 

resulted in more people being able to afford to buy homes (PwC 2021). This demand, driven 

by urbanization, is increasing house prices in urban, suburban, and medium cities.  

Along with a change in demand, a change in consumer trends was also experienced. 

According to Savills (2020), buyers are stressing the importance of bigger living rooms and the 

availability of a workstation since more people are willing to work from home (Savills 2020). 

Supply and demand play a major role in fixing the prices of homes. Therefore, as the demand 

for newly refurbished apartments is currently outpacing the supply, this is leading to a rise in 

housing prices in major economic hubs such as Berlin, Paris, and London (PwC 2021; Savills 

2020). 
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Additionally, homeownership across Europe has increased over the last decade for reasons 

such as lower average cost of housing, and low-interest rates, giving people a higher buying 

power. In addition to high homeownership levels, residential rents across Europe have also been 

on a steady rise over the last couple of years (BNP Paribas Real Estate 2021b). Countries like 

Spain and Ireland have experienced rents rising by over 40% since 2015, with the low supply 

unable to keep up with demand. As such, it is crucial to understand that what is driving demand 

are not exclusively families or individuals. A vast majority of house purchases are made by 

institutional investors aiming to diversify or enlarge their portfolios. The reason for this consists 

of historically high returns and appreciation of properties. Based on BNP Paribas Real Estate’s 

(2021b) estimation, the average return on investment in Europe, adjusted to risks, is 8.8% for 

half a decade. This return may foresee a further increase to 25% of Europe’s combined 

investment numbers in the residential RE sector.  

In terms of forecast, BNP Paribas Real Estate (2021a) expects higher demand in city 

outskirts due to increasing demand for bigger houses while being closer to their workplaces. 

This strong demand also increases the growth of projects that aim to Build-to-Rent or simply 

construct and rent out to short & long-term tenants. Secondly, rising short-term rents may 

simply be a temporary trend if vaccination programs reach their goal, allowing tourism back to 

previous levels. These rising rents and house prices in Europe are shown in Appendix IV.  

Given the differences in each RE industry segment, the focus of this paper will reside on 

the residential sector. Various characteristics such as its high return on investments, resiliency 

during the Covid-19 pandemic, and increasing demand forecasted suggest a strong outlook for 

the future (BNP Paribas REIM 2021). Additionally, the fact that the residential market is due 

for technological advancements points to the sector’s high growth potential for the coming 

years (BNP Paribas REIM 2021). Moreover, given that the residential sector is very liquid, 
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opportunities for companies to establish themselves as industry leaders can further lead to 

competition. Consequently, driving the need for innovation.  

 

2.2.3 Competition in the European RE brokerage  

The European market for RE brokerage is characterized by its fragmentation and 

competition. This can be primarily traced back to the low barriers of entry and its high numbers 

of market participants (Barwick and Wong 2019). According to Eurostat (2021), the total 

number of RE agencies in the EU28 was 286,841 in 2018, as compared to 233,844 agencies in 

2011. In 2015, this corresponded to an average of 0.55 RE agencies per 1,000 inhabitants across 

the EU28 states (Eurostat 2021; Europa.eu 2021). In a report issued by the European 

Commission (2018), National Competent Authorities in the EU were surveyed regarding 

market competition in their respective country. While 17% indicated a "very competitive" 

market structure, the majority of interviewees (56%) indicated "quite competitive". 

Surprisingly, zero respondents replied “not competitive”, but 28% stated “not applicable”. An 

additional survey conducted within the scope of this report found that one property is usually 

marketed by two or more RE agencies. Consequently, the level of competition in the RE market 

is further promoted (European Commission 2018).  

Competition in the European market is further intensified by increased internet adoption of 

customers. According to Inmanns (2018), the internet has become the buyer’s de facto broker. 

This tendency is best underlined by the fact that in 2018 89% of buyers started with an internet 

search before contacting a buying agent compared to 43% in 2003 (NAR 2018). This trend has 

severe implications on the relevance of modern RE brokers. For instance, the percentage of 

households that first discovered their house with a RE agent dropped from 50% in 1997 to 33% 

in 2015 (NAR 2015). As postulated by the National Association of Realtors (2020), the share 

of home buyers who used the internet to search for a home increased to an all-time high of 97 



   
 

16 
 

percent. Another contributing factor to RE competition is the availability of real-estate 

information on the internet. This data was previously held exclusively by professionals but is 

nowadays free accessible. Relevant data points are, for example, property values, historical sale 

prices, property features, or number of houses on the market. While this data is scattered across 

the various available platforms in Europe, it is bundled in the Multiple Listing Service (MLS) 

in the US. 

 

2.3  Covid-19 impact on RE 

In late 2019, the world was impacted by a global pandemic, described as a black swan event 

with a substantial negative impact on the economy (Yarovaya, Matkovskyy, and Jalan 2022). 

This event disrupted industries worldwide (Haydon and Kumar 2020). The Covid-19 outbreak 

forced governments to install "stay-at-home" policies, locking down billions of the world's 

population. Daily activities and business stopped as waves of infections appeared, causing most 

countries' GDP to decline (Uchehara et al. 2020). Contrarily to past crises, after which demand 

and preferences soon returned to normal, Covid-19 impacts are expected to be much stronger.   

What is now known as "the new normal" brings up changes affecting all sectors and long-

term instability affecting industries' performance (Uchehara et al. 2020). The RE industry is no 

exception to the rule. Covid-19 has reshaped the way business is done, and RE professionals 

will have to adapt their business in the face of the changes caused by the pandemic. 

 

2.3.1 Short-term challenges 

Covid-19 has altered the life of billions of people, as people's daily routines changed. 

Massive lockdowns were marked by empty streets and closed businesses, and few stores 

continued operations (Gujral et al. 2020). Other than some essential services, businesses' 

revenue momentarily ceased to exist, which inevitably led to extensive lay-offs and business 
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failures. Consequently, this brought much uncertainty to people's lives. People started being 

more cautious about how they spent their money (Balasubramanian 2021). The uncertainty and 

fright of the future due to the pandemic led citizens to start rationalizing purchases more than 

ever. In the short-term, this led to a decrease of more than 30% of existing home sales (Balemi, 

Füss, and Weigand 2021). According to D'Lima, Lopez, and Pradhan (2020), this sudden 

decline happened not only due to decreases in demand but also in supply. On the one hand, 

buyers had less purchasing power, and they were also unable to perform optimal house searches 

due to restrictions and safety concerns regarding physical visits. On the other hand, the decrease 

in transactions was also explained by suppliers' risk aversion in selling houses in the uncertain 

Covid-19 market (D'Lima, Lopez, and Pradhan 2020). 

Along with this, RE companies had to mitigate the health risks associated with physical 

visits. This factor represented a challenge, as physical tours are an important and decisive factor 

in the purchasing journey, and buyers wanted their safety guaranteed (Gujral et al. 2020). This 

also constitutes a long-term challenge, as people move towards e-commerce and demand 

superior experiences through safe online channels. 

 

2.3.2 Long-term challenges 

Covid-19 effects on the RE industry are more than just an immediate challenge. Adding to 

the short-term decrease in demand, the unprecedented crisis also brought lasting changes in 

customer behavior. These changes will, in turn, cause the need for long-term changes in the RE 

business itself (Gujral et al. 2020). 

One of the leading lifestyle changes due to Covid-19 was increased work from home. The 

urge for social distancing decreased the necessity of commutes to the office (Ramani and Bloom 

2021). This experience with "smart working" made people realize the lack of space in their 

homes (Billio and Varotto 2020). There was also a shift in demand from city centers towards 
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the suburbs (Ramani and Bloom 2021). After the early pandemic impacts, people see the 

benefits of living away from crowded cities and prefer options such as quiet suburbs, replete of 

social distancing, and outside spaces (Taylor 2020). Consequently, demand is expected to 

increase with the search for bigger suburban houses (Billio and Varotto 2020). Although 

households are increasingly cautious with the way they spend their money, low interest rates, 

together with preferred social distancing, are increasing the desire for privately owned homes 

(Balemi, Füss, and Weigand 2021). 

Additionally, Covid-19 accelerated technological transition and digitalization. People were 

already performing online purchases, but with the closure of shopping centers midst pandemic, 

even consumers resistant to change were forced to adopt e-commerce. While more customers 

shifted buying habits towards the digital world, RE brokers also started to increase digital 

presence (Marona and Tomal 2020). According to Marona and Tomal (2020), who conducted 

a survey with RE brokers in 2020, 60% of professionals confirmed to devote more time to the 

digital world after Covid-19. Market players felt the need to digitize and provide more 

distinctive experiences to their online clients (Gujral et al. 2020). This move towards online 

commerce also represents a solution for safety concerns. The most intelligent players will 

perceive this change as permanent and adapt their long-term strategy. This can be done while 

deepening relationships with stakeholders, increasing transparency, efficiency, and resilience 

for future events (Balemi, Füss, and Weigand 2021).  

Given this, the economic slowdown is not expected to last long-term. However, Sulaiman 

et al. (2020) inform that RE is one of the industries most affected by this worldwide disease 

and changes caused. Real estate companies will have to adapt their service to new customer 

demands and with new strategies in mind. According to Billio and Varotto (2020), the change 

in the industry resulting from the pandemic will be characterized by the adoption of current 

futuristic trends and innovation. 
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2.4  An Overview on Innovation  

The challenges created by Covid-19 increased the pressure and need for innovation in RE. 

Innovation in the RE sector is simultaneously driven by the need to streamline procedures, 

improve customer experience, and enhance relationships between stakeholders (Maarbani 

2017). Researchers have defined "innovation" as the generation of a new idea or the acquisition 

of new knowledge and its implementation into a new product, service, or process (Kogabayev 

and Maziliauskas 2017; Afuah 1998). In general, it is known as developing something new to 

the market and should benefit both the company and its stakeholders (Wong, Tjosvold, and Liu 

2009). On the one hand, the new idea must answer a market need or a change in customer 

demands or lifestyle (Baregheh, Rowley, and Sambrook 2009). However, according to 

Kogabayev and Maziliauskas (2017), innovation is also about optimizing processes, 

maximizing profits, increasing efficiency, and companies' economic growth. Finally, it is not a 

punctual phenomenon but a long-term process that develops over time and involves changes 

and decision-making processes (Castro et al. 2010). 

To survive in the new dynamic business environment, companies must constantly innovate, 

adapt and respond to changes in the industry (Danneels 2002). Companies that keep developing 

new offerings targeted to the needs of the market and the desires of customers are more likely 

to grow in the market (Gault 2018; Bytyqi 2014). To understand how the global and regional 

RE market will evolve, it is important to look into the past and analyze RE trends and 

developments to get a better market overview. 

 

2.5  Trends in Real Estate 

The following literature review seeks the reasoning behind major trends in the market and 

their influence in terms of innovations and improvements. These trends can provide an outlook 

on how the current state of the market might develop and how technological and human 
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advancements will play out in the future. The two major influential factors in the European 

residential RE market were identified as demographical and technological shifts in the industry. 

 

2.5.1 Demographic factors 

A geographical migration’s effects on the RE markets worldwide can be profound. It can 

lead to a major transformation in global demographics and changes in a country’s demand and 

supply for housing. As such, a demographic trend in the RE market can be linked with 

migrations across the world. The first industrial revolution resulted in a mass geographical 

migration due to increasing manufacturing, services, and technological advancements in 

various cities. This resulted in increased job creation and a much better quality of life (Çağlar 

2014). Urbanization undeniably led to an increase in prices for urban and suburban houses. 

Recently, this demand was pushed even further by the Covid-19 pandemic all around the world, 

and it is expected to increase further (Savills 2020; MarketLine 2021b). Based on a report by 

the United Nations (2018), Europe is expected to reach 80% of its population living in cities or 

urban areas by 2030, which represents an increase of 10%. In terms of potential, human 

migration plays and will most likely continue playing a crucial role in defining a country’s 

supply and demand for residential housing (Parker et al. 2018). 

Furthermore, a study by Parker et al. (2018), reveals that the change in demand and supply 

for housing can be greatly affected by the population structure of a country. As higher 

urbanization leads to higher urban demand, it is no surprise that with higher population comes 

higher demand. As a result, most countries in Europe experienced increasing house and rent 

prices over the last decade (Eurostat 2021). For a large share of the population moving around 

and working from abroad, a rental system is highly preferred over having owned houses in 

terms of financial ability. This happens because purchasing a home usually takes up a large 

proportion of one’s disposable income (MarketLine 2021). This scenario can be linked with the 
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rising tenancy ratios in Europe. One of the biggest tenant ratios in Europe is in Germany, with 

almost 50% of the houses occupied by rental (BNP Paribas Real Estate 2021c). This rising 

tenancy has pushed rental prices even further in cities like Berlin, indicating a willingness to 

rent over buying, thus changing the demand further. 

Along with the population structure, the development within an economy contributes 

greatly to demand and supply change. Research by MarketLine (2020) indicates that in 

developing economies, people prefer to live less in rental houses compared to the higher number 

in developed economies. Similarly, developing economies would face lower regulations such 

as rent control in the industry by their own government versus a typically high intervention for 

developed economies. This is due to various internal and external factors, such as the 

geopolitical risks involved and the demographic structure of an economy (PWC 2021). From a 

customer point of view, government-driven rent control rules and regulations may be beneficial 

for various countries. For example, the introduction of affordable housing in numerous cities 

has allowed more people to rent homes and at lower prices in European cities (MarketLine 

2021). However, from an organizational point of view, rent control may contribute to higher 

rivalry between players in the market, leading to lower rental returns due to various government 

programs in place. As a result, rent control may contribute to lower evictions, thus less people 

forced to reallocate, leading to lower geographical migrations (Pastor et al. 2018). 

As part of demographics, each country may attract investors from different countries due to 

differences within an economy. Portugal, for example, saw a massive inflow of foreign money 

over the last couple of years. Programs like the Golden Visa allowed foreigners to obtain 

Portuguese citizenship by investing a certain amount of money into the country’s RE sector and 

holding it for approximately five years (SEF 2021). This program has led to one of the highest 

investments from all over Europe. Foreigners from China, Brazil, Turkey, and United States 

were among the most contributing investors, respectively, with over €5.8 billion invested since 
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2012 (SEF 2021). Additionally, the EU Next Gen Programme has allowed for further inflow 

and purchases into the economy. The factors above have led to a higher demand coupled with 

a lower supply of houses in Portugal, leading to much higher prices to rent and purchase homes. 

With such high prices in capitals and major cities, the demand for suburban houses has steadily 

increased across Europe, and the pandemic has additionally pushed this demand higher (BNP 

Paribas Real Estate 2021a).   

All in all, over the last decades, human migration, population change, and economic 

attractiveness have contributed to a change in housing supply and demand. Thus, resulting in 

the rise of house and rental prices, foreign investments, and the introduction of various policies 

to control pricing dynamics. 

 

2.5.2  Technological factors 

Another major trend identified in the RE industry is the growing influence of technological 

advancements such as the rise of PropTech. PropTech is an acronym for Property Technologies. 

It can be defined as the technologically driven evolutions occurring in the RE sector to improve 

efficiency (ING Economics Department 2018). PropTech, in general, encompasses various 

emerging and potentially disruptive technologies, such as Virtual Reality, Augmented Reality, 

drones, Blockchain, and Internet-of-Things-enabled sensors or appliances (Siniak et al. 2020). 

According to Braesemann and Baum (2020), the concept of PropTech can be categorized into 

the following three tiers: PropTech 1.0, PropTech 2.0, and PropTech 3.0.    

PropTech 1.0, or the first wave of PropTech emerged after 1970, when the first personal 

computer and its powerful future-oriented potential was unveiled, showcasing what data can be 

used for. Eventually, this wave of digitization was interrupted by the dot-com bubble burst in 

2000 (Siniak et al. 2020). Although this wave mainly occurred in the US and UK, it also birthed 

online platforms, e-commerce, and various other services (Baum 2017; Shaw 2018). 
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PropTech 2.0’s rise in 2007-2008 resulted in the mass availability of data online. This wave 

led to the rise of smartphones, cellular and mobile technologies, cloud computing and big data 

(Braesemann and Baum 2020). PropTech companies such as Airbnb, Zillow and OpenDoor are 

redefining our interaction in the RE market while showcasing the power of Artificial 

Intelligence (AI) and Big Data. This second wave witnessed companies like Airbnb adapting 

to the significant changes in technological adoption, experienced around 2008. This change 

happened through property management software, architectural platforms, and the increased 

implementation of FinTech transactions in the marketplace (Braesemann and Baum 2020). This 

innovative wave also saw the conceptual birth of smart houses, smart cities, and IoT-enabled 

devices. Additionally, while urbanization increased the demand for residential development, 

the implementation of PropTech 2.0 also included an increasing trend in sustainability (Baum 

et al. 2020). Additionally, work by Shaw (2018) has observed that PropTech 2.0 experienced a 

massive inflow of money worth over $12 billion in 2018 invested into this wave of innovation. 

This investment represented an increase of over $5 billion from 2017, showcasing higher 

confidence in these technologies year over year. Undeniably, this digitized growth has 

empowered the purchase and sale of houses at a much faster rate using online marketplaces and 

platforms. Throughout PropTech 2.0, a benefit to users (renter/leaser) is a more simplified, yet 

smarter search element (ING Economics Department 2018). 

PropTech 3.0 or the third wave, quickly introduced further innovation into the industry 

from 2014 onwards (JLL 2018). It allowed disruptive technologies like 3D printing, Machine 

Learning (ML), Artificial Intelligence (AI), Augmented Reality (AR), Virtual Reality (VR), 

drones, smart contracts and Blockchain to come to life. This wave brings simplified transactions 

and improvements in customer experience while making the most of available data (Baum 

2017). Since the RE industry is slow to evolve, the wide-scale applications of these emerging 

techs remain distant yet inevitable (Braesemann and Baum, 2020). Baum (2017) also argues 
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that although PropTech 3.0 is not implemented yet, AI and Blockchain may be the biggest 

winners of this wave, with real possibilities to disrupt the industry. Moreover, Statista’s (2020) 

research has shown that between 2008 and 2018, PropTech companies’ investments multiplied 

from less than $1 billion to over $18 billion. This number is expected to continue growing, with 

most of the funding coming from the US. While PropTech is still focused on growing 

economies like China, India, North America and, certain cities in Europe, its widespread 

capabilities may take time to develop further (Kasprzak 2015).  

 The rise of these technologies has already sparked an evolution in various sectors such as 

transportation and agriculture. This transformation led to more efficiency, which allowed for 

reduced costs (Ullah, Sepasgozar, and Wang 2018). Such advancements can allow better 

management, planning, transactions, analytics, and marketing of properties. Consequently, this 

introduces more efficiency, autonomy, transparency, sustainability, and innovative ideas in the 

global RE market (Kasprzak 2015; Baum 2017).  

The application of the mentioned technologies involved in PropTech can benefit tenants 

and owners of properties. Owners can benefit from the implementation of PropTech by 

potentially having higher added value on their properties through smart buildings while having 

better market information through the availability of data and AI (ING Economics Department 

2018). Meanwhile, users and tenants can benefit from an enhanced market understanding. This 

can be achieved with search optimization and higher transparency in the market enabled by IoT, 

Blockchain, AI, and potentially more technologies.  

What remains to be evaluated is how the RE industry can leverage technology and 

innovation. Additionally, it is essential to understand how the approach towards RE is altered 

while using technologies such as MLS, Blockchains, IoT, AR, and VR to innovate while 

keeping risks lower and opportunities high for all parties (ING Economics Department 2018). 
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2.6  Upcoming Real Estate Technologies 

Within this section, eight technological developments for the RE industry are analyzed. This 

analysis follows the "Systematic Review of Smart Real Estate Technology" published by Ullah, 

Sepazgosar, and Wang in 2018. However, their proposed structure of the "Big 9 technologies" 

was adapted and enriched by external sources and expert opinions. As this paper’s literature 

review established the importance of blockchain for the industry, it was incorporated in this 

review. Due to the limited applicability of wearables to the RE brokerage industry, it was 

removed from the list, and Software as a Service (SaaS) was integrated with Cloud technology. 

The analyzed technologies can be divided into three main categories: data mining technologies, 

networking tools, and data collection technologies. 

 

2.6.1 Data Mining Technologies 

Data mining refers to the systematic application of statistical methods to big data sets (IBM 

2021). Its main target is to create links between different sets of data and to draw industry-

relevant conclusions from its analysis. This yields several benefits that primarily support 

marketing and business intelligence efforts (Ester and Sander 2013). With regards to RE, it has 

already been applied to identify risk factors prematurely or to automize business forecasts 

(Ullah, Sepasgozar, and Wang 2018). Although data mining applications can be found in a 

variety of shapes, the focus of this research is on Big Data, AI & Robotics, and Clouds. 

Big Data 

The term Big Data describes the increasing availability of large amounts of data. Big data 

is defined as a collective phrase for massive and interconnected databases that need innovative 

software and processes to obtain relevant information (Winson-Geideman and Krause 2016). 

According to Chen and Lu (2018), most existing definitions for Big Data circulate around three 

features: processing speed, large data volume, and data coverage. According to the "2017 Big 
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Data and Analytics Forecast", Big Data total revenues are expected to accumulate to $99.4 

billion in 2027, representing a CAGR of 12% between 2016 and 2027 (Gilbert 2017). 

Concerning RE brokerage, Big Data analytics primarily helps to understand market trends and 

customer behavior. Also, it saves brokers time because analyses do not have to be conducted 

manually and thus, it enables brokers to focus on their primary responsibilities (Ullah, 

Sepasgozar, and Wang 2018). Some companies, such as Zillow.com, Immobilienscout24.de, or 

casafari.pt adopted Big Data analytics already. They supply insights to customers such as 

buying price averages and forecasts, area developments, crime rates, or average time on the 

market (Zillow 2021; Immobilienscout24.de 2021). Therefore, Big Data analytics is considered 

beneficial to agents and consumers. 

AI & Robotics 

AI can be defined as the capability of machines to imitate human skills such as logical 

thinking, planning, learning, and creativity (European parliament 2021). Robotics uses AI by 

implementing it in modern robots, thus enabling them to solve complex problems without 

human interaction (Kehoe et al. 2015). The global market for AI is growing rapidly and industry 

revenues are expected to increase by approximately 1,250% between 2018 and 2025, eventually 

arriving at $126 billion in 2025 (Omdia 2020). It must also be mentioned that AI is expected to 

be responsible for the loss of more than 75 million jobs by 2022 (World Economic Forum 

2018). However, AI is also expected to create 122 million jobs during the same time period but 

forcing employees into higher-skilled roles (World Economic Forum 2018). The net effects for 

the RE industry remain unknown at the moment. The applicability of AI and robotics within 

the RE industry is manifold. On the agent side, AI may be used to create 3D renderings of 

properties, do initial screenings of customers to save time, or improve targeting of marketing 

strategies (Ullah, Sepasgozar, and Wang 2018). Robotics could be used to do routine 

inspections and maintenance as well as cleaning and mowing of remote places (Warburton 
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2016). On the consumer side, AI can facilitate the search process with personalized filters, 

improve the matching process, save time, and reduce the probability of human errors (Ullah, 

Sepasgozar, and Wang 2018). Concrete examples for AI applications within the RE industry 

include selling price forecasts which were implemented in Italy (Morano, Tajani, and Torre 

2015), machine-learning based selling and building decisions (Rafiei and Adeli 2015) as well 

as RE business predictions (Rossini 2000). 

Blockchain 

Although not part of Ullah, Sepazgosar, and Wang’s “Systematic Review of Smart Real 

Estate Technology”, experts believe that Blockchain has a major role to play in terms of 

innovative technologies in the RE industry (Baum 2017). As defined by IBM (2021), 

Blockchain technology is a digitally accessible database (or Distributed Ledger Technology) 

capable of recording, tracking, and verifying transactions. A key component of blockchain is 

its ledger functionality and the fact that transactions’ details on the chain are tamper-proof, 

hence immutable. Additionally, Blockchain has the capability to run and store digitally 

automated contracts known as Smart Contracts.  

According to Goldman Sachs (2016a), Blockchain technology can be applied to several 

industries in the economy. The financial sector is already a major winner due to Blockchain-

enabled transactions that have saved the industry billions of dollars annually. The RE industry 

benefits from the transactional use of Blockchain and transforms its title registry process. Since 

Blockchain minimizes transaction costs and human mistakes, it is estimated that Blockchain 

could save between $2 and $4 billion in the United States alone by facilitating land transactions 

and registrations (Goldman Sachs 2016a).  

Moreover, because Blockchain is a relatively new technology, experts do believe that a full-

fledged implementation may take more time and bigger adoption if implemented right (Lansiti 

and Lakhani 2017). However, it is essential to note that the increasing market size for 
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Blockchain is seen as a major plus point for adoption. A study by Statista (2018) estimates that 

the global market size for Blockchain stood at $1.57 billion and is forecasted to hit over $160 

billion by 2027. Europe has witnessed countries such as Spain implementing Blockchain-based 

transaction and land registry systems to improve on efficiency and security within the industry 

(JLL 2018). Additionally, to further drive Blockchain development into various fields, the 

European Commission has launched the “European Blockchain Partnership” that aims to 

increase communication and information exchange between European countries (European 

Commission 2021). 

 

2.6.2 Networking Tools 

Networking is the process of interchanging data through a shared network in an information 

system (Scarpati 2018). It allows users to share information through Local Area Networks 

(LAN) or Wide Area Networks (WAN). Applications in RE are widespread, including 

Customer Relationship Management (CRM) tools or building management platforms. Clouds 

and IoT were identified as the most relevant technological developments for the RE sector, 

which is why analysis is limited to these technologies. 

Clouds 

Over the past years, cloud technology started replacing traditional mediums of storage. 

While it was necessary to run local hardware-based data centers in the past, clouds are now 

enabling companies to retrieve data straight from the internet (Ullah, Sepasgozar, and Wang 

2018). Following the definition of the National Institute of Standards and Technology (2011), 

cloud computing consists of five fundamental elements: On-demand self-service, broad 

network access, resource pooling, rapid elasticity, and measure service. The four service models 

associated with the usage of cloud computing are Infrastructure as a Service, Platform as a 

Service, Software as a Service (SaaS), and Function as a Service. SaaS is expected to account 



   
 

29 
 

for about 56% of total cloud computing revenues in 2025, thus representing the technology’s 

most valuable sector in the medium-term (Statista 2021). It is based on the principle that 

software and IT infrastructure is operated by external service providers but can be licensed to 

customers using a subscription model. It provides a decentralized system that allows users to 

access it through the internet without major investments into privately-owned IT infrastructure 

(techopedia 2021). That is why the adoption of SaaS creates extensive cost savings and 

efficiency improvements for companies.  

The Technology Market Outlook, conducted by Statista in August 2021, forecasts that the 

European cloud computing market will rise at a 20.8% CAGR over ten years. The market size 

is predicted to arrive at €135 billion in 2025 (Statista 2021). However, worldwide cloud 

adoption is enormously accelerated by the outbreak of the Covid-19 pandemic. In the "2021 

State of the Cloud" study from Flexera, 90% of respondents indicated that cloud usage is now 

higher than it was initially planned before Covid-19. Within the RE domain, cloud computing 

offers benefits such as cost savings, flexibility, improved CRM, or increased collaboration. It 

can also improve transparency and communication, thereby solving the information asymmetry 

between brokers and clients (Stantchev and Tamm 2012). A concrete example for cloud usage 

in RE is the German company FlowFact which provides a fully cloud-based CRM and 

marketing tool for agents (FlowFact 2021). More industry examples include Spaceflow, an 

innovative building management tool to improve the tenants’ experience (Spaceflow 2021), or 

ShowingTime, a showing management tool that also provides market statistics (ShowingTime 

2021). 

IoT 

Internet of Things (IoT) is a network that connects people and the objects around them 

(Vailshery 2021). It is a technology that enables innovation in most businesses by transforming 

ecosystems and enabling faster and stronger connectivity between people and IoT devices. This 
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results in instant data analysis and consequently "smart action" (Deloitte 2017). IoT has 

numerous applications, most of which have to do with monitoring something tangible, such as 

the environment, health, industrial processes, customer experience, and even project 

performance (Chen et al. 2014; Nord, Koohang, and Paliszkiewicz 2019). Furthermore, 

addition to monitoring, IoT enables the management of fleets, home care, agriculture, logistics, 

and energy, where it is more than just a smart device but also a service provider (Chen et al. 

2014; Bouguettaya et al. 2021).  

IoT is growing rapidly and gaining traction among executives who consider it more relevant 

than AI or robotics (Nord, Koohang, and Paliszkiewicz 2019). As of May 2020, 2,552 thousand 

companies in Europe have invested in IoT, and the number of IoT platforms has doubled to 620 

globally from 2015 to 2019 (Vailshery 2021; Liu 2021). In 2020, total investment reached 

US$749 billion and is expected to increase to around US$1.1 trillion by 2023 (Vailshery 2021).  

IoT can influence RE in several ways. The building of smart houses creates more connected 

properties, with personalized accessibility, time management, and energy savings, increasing 

customer convenience (Demir and Ventura 2021). Additionally, it has applications in business 

decisions in RE. It can be used in office spaces by gathering information about employee 

wellbeing, productivity, and innovation. IoT can aid businesses investment decisions and 

optimize operational efficiency (Napp and Ribeiro 2020). Several companies such as MAPIQ 

and Maps people, are working with businesses to create adaptable solutions to transform the 

office space into a more productive place through smart technology (MAPIQ 2021; Mapspeople 

2021). 

 

2.6.3 Data Collection Technologies 

Data collection technologies are physical tools that support users in gathering and modeling 

data. The applicability within the RE sector is vast. It includes areas such as digital storytelling 
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through AR, real-time synchronization of virtual and analog data, and autonomous control 

(Ullah, Sepasgozar, and Wang 2018). While a multitude of technologies exists, this review 

discusses drones, 3D Scanning, and VR & AR. 

Drones 

Drones are formally described as unmanned aerial vehicles (UAVs) (Techtarget 2019). 

They can be operated remotely and are usually equipped with high-resolution cameras within 

the context of RE. Drones may be applied to take aerial pictures of properties to improve 

product marketing and give customers more detailed information. Consequently, clients profit 

from increased transparency and reduced post-purchase regrets (Ullah, Sepasgozar and Wang 

2018). Firms of any size can adopt drone technology as it requires limited upfront investment 

(CompTIA 2019). Real Estate companies in the US are among the top three hiring industries 

for drone talent, underlining the relevance to the sector (CompTIA 2019). According to a study 

from Kuzma et al. (2017), drone adoption in RE was already at 52% in France and 48% in the 

UK, Germany lacking behind with only a 24% adoption rate. Prominent examples in the RE 

industry are Betterview, which conducts drone-based property inspections, or Pix4D S.A., 

which creates exact maps and models only from drone pictures (PWC 2018).  

3D Scanning 

3D Scanning is one of the most recent technological developments among the Big 8 

technologies. By using mobile or hand-held scanners, often equipped with laser scanning 

technologies, multi-dimensional models can be created, and information can be stored 

(Sepasgozar, Forsythe, and Shirowzhan 2016). This facilitates RE management regarding 

maintenance and supports the RE broker in the marketing process. The corresponding 

improvement in the quality of RE objects’ information is beneficial to all parties involved, 

including proprietors, clients and, RE brokers (Ullah, Sepasgozar, and Wang 2018). Arrival3D 

is an example of a 3D modeling agency that creates multi-dimensional models (Arrival3D 
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2021). Matterport, a pioneer in the industry, combines 3D scanning with VR and AR 

functionalities, providing brokers with a full-stack 3D data platform (Matterport 2021). 

VR & AR 

While VR is a technology that completely immerses users in a virtual, computer-generated 

world, AR adds to the real world by projecting virtual objects into real environments 

(Carmigniani and Furht 2011). These technologies have a unique potential regarding 

improvements in RE customer experience. Some applications include virtual home tours, 

improvements in housing advertising, and more efficient communication between brokers and 

buyers (Tawania and Rao 2020). The RE industry is perceived as one of the most impacted by 

AR and VR, with a projection to reach at least $80 billion by 2025 (Ullah, Sepasgozar, and 

Wang 2018). According to Goldman Sachs (2016b), luxury RE agency Sotheby's is already 

providing virtual home tours to its customers since 2016, allowing for increased sales 

efficiency. 

 

2.7  Disintermediation and Digital Platforms 

The discussed technological developments possess the potential to disrupt the RE industry. 

However, these technologies need to be implemented on digital platforms to add value for 

landlords, buyers, and brokers. Currently, several digital platform models are competing in the 

market. By analyzing the peculiarities of each approach, a future outlook on the position of the 

RE broker in a dynamic environment is provided.  

This is relevant because the broker’s profession was expected to become extinct with the 

rise of information and communications technology (ICT) the internet marketing revolution in 

the mid-1990s (Saiz 2019). Even though many professions, such as travel agents, suffered 

immensely from disintermediation, it rarely affected the RE industry (Wigand 2020). As a 

matter of fact, FSBO rates are today lower than ever before, and some types of digital platforms 
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are cooperating with agents rather than competing with them (National Association of Realtors 

2018). Every year, new PropTech start-ups enter the RE market. Only in 2019, $8.9 billion was 

invested in RE start-ups, funding more than 500 companies (CB Insights 2020). Hence, 

considerable differences exist between platforms regarding business models, commission fees, 

and integration of RE brokers. After conducting a market analysis and literature review, existing 

platforms for RE brokerage were divided into four categories: digital marketplaces, MLSs, 

hybrid platforms, and FSBOs. While hybrids and FSBOs aim to disintermediate brokers, digital 

marketplaces and MLSs focus on re-intermediating brokers (Schlotawa 2018; Barwick and 

Wong 2019). In most European countries, digital marketplaces are predominant, but hybrid 

platforms are on the rise, imposing a real threat to brokers (Handelsblatt 2019; Hunziker 2017).  

It is feared by industry experts that the PropTech 3.0 wave will lead to massive job losses 

in RE brokerage (Saiz 2021). Thus, it is essential for brokers, investors, and PropTech 

companies to understand and monitor industry developments closely. According to Levy and 

Murnane (2013), adaptation and retraining is the only chance of survival for intermediaries in 

the future.   

   

3 Individual Contributions  

What remains to be evaluated is how these technologies can effectively be implemented on 

innovative RE platforms and the impacts caused by this implementation. Following this 

research, individual contributions focus on four disruptive trends and their impact in the RE 

industry. The first individual contribution was created by Nadine Santos, exploring "The Impact 

of Augmented and Virtual Reality in Real Estate Customer Experience". Maria João Primitivo 

produced the second research on "IoT as a Sustainable Solution". This is followed by an 

elaboration on "The impact of Blockchain and Smart Contracts on the Real Estate Industry", 
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composed by Nabil Bardai. The fourth and last individual contribution was written by Jan 

Schmidt, exploring "The Future of Real Estate Platform Models and the Role of the Broker". 

 

4 Methodology 

To address the research topics, primary data was collected through two distinct Microsoft 

Forms online surveys. The first survey assessed the RE brokers' perspective and was directed 

towards European RE agents and brokers. This survey was distributed mainly through email, 

but social networks such as LinkedIn were also used. The second survey approached the end-

customer perspective, and it was targeted at European residential RE buyers and potential 

customers. The objective consisted in understanding users' perceptions of the three technologies 

being studied – VR/AR, IoT, and Blockchain – when applied to RE. Distribution channels 

included social networks such as Facebook, WhatsApp, and LinkedIn. The software Microsoft 

Excel was used as the statistical analysis tool for the data collected. 

Concerning the methods used to evaluate each question, several scales were applied. The 

first one to mention is the Customer Satisfaction Index (CSI). CSI consists of assessing how 

satisfied customers are with a company or product, and the rating goes from "Extremely 

dissatisfied" to "Extremely satisfied" (Eskelinen 2020). In addition, a Likert rating scale was 

used. This scale resides in evaluating the level of agreement respondents have with specific 

statements, in a rating from 1 to 5, ranging from "Strongly disagree" to "Strongly agree" 

(Albaum 1997). Additionally, some questions were evaluated through the Net Promoter Score 

(NPS), which measures the willingness of a customer to promote a specific product, technology, 

or company to others. It is evaluated on a scale from 0-10, and respondents are classified as 

detractors (0-6), passives (7-8), or promoters (9-10) (Reichheld 2003). 

Apart from quantitative research methods, qualitative methods were applied too. Expert 

interviews were conducted with both industry professionals and academic experts. Experts were 
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contacted via email, LinkedIn, and the authors' network. The interviews complement the 

findings from the literature review and the study by indicating the future development of RE 

platforms in Europe. 

 

5 Results 

Regarding the “End-Customer Perspective” survey, there were 161 responses collected. Of 

these 161, only 159 were considered valid because they accepted the terms and conditions. The 

survey was distributed to people of different ages, nationalities, and countries of residence. 

Around 66.7% of the respondents are between 18 and 26 years old, while the remaining 34% 

are distributed in the age groups over 26 (27-35, 13.8%; 36-44, 9.4%; 45-53, 5.7%; 55-62, 

3.8%; over 62, 0.6%). Approximately 77.4% of the respondents are Portuguese, 11.3% are 

German, 3.1% are Italian, and the remaining 8.2% are evenly distributed among Arab, Belgian, 

Belarusian, Brazilian, Canadian, Chinese, English, French, Ghanaian, Mozambican, Polish, 

Venezuelan and Tuvaluan nationalities. Except for one respondent living in Tuvalu, all others 

live in European territory, with 79.9% living in Portugal.  

There were 58 valid responses to the “Real Estate Broker Perspective” survey. The survey 

was distributed to individuals of multiple age groups, countries of residence, and roles in the 

RE industry. Around 36.2% of the respondents are between 45 and 53 years old, 24.1% are 

between 36 and 44 years old, 20.7% are between 54 and 62 years old, 10.3% are between 27 

and 35 years old, 5.2% are between 18 and 26 years old and 3.4% are over 62 years old. In 

terms of country of current residence, approximately 82.8% live in Portugal, and the remaining 

17.2% live in Germany. The majority of respondents are RE brokers (77.6%). About 12.1% are 

company owners, and both respondents from HR and managing directors make up 3.4% of each 

of the samples in this survey. The other 3.4% are equally divided into sales managers and 

marketing managers.   
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Further results from these surveys are presented in each members’ individual contribution 

according to their relevance for the technology being analyzed. 

 

6 IoT as a Sustainable Solution by Maria João Primitivo 

Introduction 

Humanity has reached a point in history where it is more prosperous, advanced, and 

powerful than ever before, yet governments feel overwhelmed in the face of rapid climate 

change. Since the late 19th century, Earth’s average surface temperature has increased by about 

1.18 degrees Celsius, with 2016 and 2020 being the warmest years ever recorded (NASA 2021). 

Events such as storms, floods, and forest fires are on the rise, threatening livelihoods and human 

lives (UN 2021). Shortly soon, some regions may become less and less habitable. As seen in 

the summer of 2021, countries such as China, Germany, Belgium, and the Netherlands have 

experienced extreme rainfall with historic flooding, and places such as Australia and California 

have had to deal with larger and more frequent fires (BBC News 2021; Miller 2021; 

Karlamangla 2021). 

Countries have been trying to come together and set goals to reduce greenhouse gas 

emissions and slow the effects of global warming. In 2021, the "Conference of Parties" 

(COP26) reaffirmed the urgency of taking action to achieve the goals outlined in the "Paris 

Agreement" (UN 2021). Although electronics companies are heavily criticized for their impact 

on the environment, they are also seen as a gateway to finding new and more sustainable 

solutions to our way of life. Bill Gates states, "If CO2 reduction is important, we need to make 

it clear to people what really matters - getting close to zero. (...) only by innovating our way to 

what is essentially zero-carbon energy technology will do it" (Gates 2015). 

Sustainable innovations have gained momentum in the last couple of years. Consumers have 

been pressuring companies to adapt their business models toward sustainable goals. Through 
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data collection and usage of Internet of Things (IoT) systems, technology presents itself as a 

solution for a more sustainable way of living (KPMG 2020). Therefore, the following parts of 

this section will describe the influence of climate change on residential real estate while 

exploring IoT in Smart Houses and Smart Cities as energy conservation tools. In addition, two 

surveys were distributed and analyzed to real estate professionals and residential real estate 

consumers to further comprehend the possibility of IoT being a sustainable solution, hence 

reducing real estate carbon footprint.   

Literature Review 

Real Estate Industry Plays a Part 

To achieve zero carbon emissions, one should set tangible targets, and to do this, it is first 

essential to understand the impact of different sectors on emissions. In 2010, 32% of global 

final energy consumption came from buildings and 19% of energy-related greenhouse gas 

emissions (Lucon et al. 2020). According to the United Nations, by 2016, 40% of the energy 

globally consumed, belonged to the real estate sector (UN 2016). Regarding the same year, 

another source reports a 17.5% share of energy consumption by buildings, distinguishing 

between commercial and residential buildings, which account for 6.6% and 10.9%, respectively 

(Ritchie and Roser 2020). 

According to Lucon (2014), emissions from buildings are expected to double or even triple by 

2050. As mentioned earlier, developed countries are working to become more sustainable and 

thus reduce their overall emissions, nonetheless, every country counts when it comes to global 

emissions (United Nations 2020). The increase in energy demand and its consequences are 

essential for economic growth as billions of people in the developing world strive for greater 

prosperity and a better standard of living with adequate housing (Ritchie and Roser 2020). 

Therefore, the consumption of electricity, heating, transportation, and other goods that require 

energy increases. How these energy needs are met, determines trends in building energy use 
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and associated emissions (Benoit 2019). In addition, population growth, migration to cities, 

changes in household size, increasing affluence, and changing lifestyles will significantly 

increase energy use in buildings worldwide. The extensive new construction in developing 

countries represents not only a significant risk but also an opportunity to reduce emissions 

(Lucon et al. 2020). 

Real Estate and Sustainability 

To achieve sustainable development goals (SDGs), multidisciplinary aspects such as 

political, economic, ecological, and technological perspectives must come together to make a 

real difference (UN 2015; Diwekar and Cabezas 2012). Climate change is expected to be one 

of the biggest drivers of innovation in the real estate sector in the next 30 years. The associated 

loss of habitable and settable land as well as public opinion, are pressuring companies to change 

and adopt more sustainable business models (The Economist 2009; PWC 2021). 

Several trends have been mentioned as possible solutions to reduce the environmental 

impact of real estate. The following sections focus on IoT, emphasizing Smart Houses and 

Smart Appliances and how they can be used for energy management. However, other ideas and 

innovations can also increase the chances of success and a better future. 

According to BNP Paribas (2021), about 35% of waste in building construction and 50% of 

raw material extraction can be avoided (BNP Paribas Real Estate, 2021). A circular economy 

model adapted to the real estate industry can address these challenges by optimizing the use of 

resources to construct the building and maximize the land area (Sethi 2021). The circular 

economy involves the development of buildings, infrastructures, and environmentally friendly 

neighborhoods by designing them to avoid waste and pollution, keeping products in use, and 

regenerating natural systems (Arup 2020).  
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Another technology that is gaining momentum in real estate is 3D printing. This technology 

is often used in the production of models for marketing and sales purposes but can also be an 

ally of the circular economy in the production of buildings themselves  (JLL 2019). This 

construction technique allows for the use of recycled material. It optimizes the process, 

producing less waste and saving costs in creating structures of different shapes that can be 

lighter and less spacious than traditional materials (Çetin, Wolf and Bocken 2021; KPMG 

2020). 

IoT 

As the group section explains, IoT can be viewed as an extension of interaction between 

people and objects, with the aid of applications, over the Internet for communication and 

integration. The IoT architecture includes multiple layers that enable wireless transmission over 

the Internet with IoT devices (Nord, Koohang, and Paliszkiewicz 2019).  

According to Deloitte, the path between the IoT device stimulus and its response can be 

simplified as "The information value loop". Firstly, it is crucial to understand that multiple 

technologies are involved in the success of IoT. Sensors, networks, standards, augmented 

reality, and augmented behavior are essential to executing intelligent action. There are five steps 

involved in this path. First, information is generated using sensors that collect data about the 

environment (Create); second, data is collected and communicated to another entity 

(Communicate); third, the information is collected from different sources (Aggregate); fourth, 

the information is then assigned to specific categories and linked to specific responses 

(Analyze), and finally, there is a response, which can be a change or maintenance of the 

environment (Act) (Holdowsky et al. 2015). 

IoT has grown due to its flexibility and adaptability in parallel with the evolution of current 

computing standards. Innovations in data science, deep learning, and cloud computing, along 
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with new technologies such as 5G, edge computing, and blockchain, are creating a pool of 

diverse opportunities for IoT services (Bouguettaya et al. 2021). IoT can already be found in 

many homes and offices in real estate. Its growing popularity transforms real estate from a 

simple asset into a connected product that offers property owners limitless possibilities. IoT 

innovations, such as Smart Houses and Smart Appliances, are changing the perspective from 

traditional buildings to more efficient, sustainable, and user-friendly buildings (PWC 2018; 

KPMG 2020). 

Smart House 

A Smart House is a natural step from the expansion of IoT technology. The main goal of a 

Smart House is to create a more comfortable and secure living space (Sung and Hsiao 2020). 

Through networked devices and appliances, that can range from small devices, such as coffee-

makers or cooking robots, to larger devices such as washing machines, fridges, or room air 

conditionate. Smart Houses employ carefully developed new technologies to assist residents 

with household chores and activities (Stamminger 2008; Tseng, Li, and Tseng 2014). 

Therefore, Smart Houses allow control of functions such as lighting, air conditioning, 

appliances, and security by using smartphones, tablets, voice control, motion sensors, and many 

others (Tseng, Li, and Tseng 2014; Sánchez 2017). In addition to the usual environment 

assessment and management, a Smart House may also include improvements in transmission 

and architectural design innovations (Sung and Hsiao 2020). Nonetheless, to ensure these 

functions, houses need to be covered with wireless LAN (WLAN) and Bluetooth. Once that 

requirement is guaranteed, real-time analytics can be collected and used to reduce the resident’s 

living costs (PWC 2018). 
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Smart House and Sustainability 

As explained before, to become globally sustainable and achieve the goals set by 

governments, the residential sector must improve its energy-related emissions. The way a 

building is powered plays an important part in overall sustainability (Kim et al. 2021). In 

Europe, most of the energy use (49%) still comes from the most pollutant, fossil fuels, 22.4% 

from natural gas, 13.1% from nuclear energy, and 15.3% from renewable sources of energy 

(Eurostat, 2021). Apart from the energy’s origin, demand and efficiency play an essential role. 

Therefore, Smart Houses have been increasing in popularity as they are expected to help the 

continuous search for a sustainable solution (Paetz, Dütschke, and Fichtner 2011).  

Smart Houses integrate home energy management systems (HEMS), consisting of wireless 

networks joining Smart Meters, Smart Appliances, and Smart Sensors (Kim et al. 2021). House 

appliances are one of the main energy consumptions sources. Through the use of these home 

energy feedback technologies, residents of Smart Houses can reach up to 20% of energy savings 

in contrast with more traditional houses (Ford et al. 2017). In another study conducted by Jean-

Nicolas Louis (2014), the use of home automation mostly influenced the evening time, and by 

adjusting household residents’ routines, it was able to decrease the energy-related production 

of CO2 by 12.7% (Louis, Pongrácz, and Caló 2014).  

Fusing energy intelligence in a single grid can go beyond managing an individual device. 

Smart Power Grids can be seamlessly incorporated into Smart Houses and integrate all the 

energy used in one single system (Warmer et al. 2009). A Smart Power Grid also allows for 

communication between the energy data collected from households and their energy providers 

(Kim et al. 2021). Nowadays, energy companies such as EDP, Schneider Electric, and Enel 



   
 

42 
 

follow the digitalization trend and adopt IoT services. They have been offering deals that 

promise augmenting energy efficiency, lowering costs, and helping the planet with the use of 

renewable sources of energy (EDP 2021; Schneider Electric 2021; Enel 2021). 

Smart City and Sustainability  

Whether through war or urbanization, cities have changed throughout time. Cities in the 

19th century saw sewage systems improve sanitation, health conditions, and the beginning of 

electricity distribution through power cables. Nowadays, European cities have new possibilities 

with internet accessibility and data collection systems to create a better communal living (The 

Economist 2013). 

Smart cities link not only all types of real estate sectors, such as residential, office, 

commercial, and logistics, but also everything in between, from urban transport networks, water 

supply, and waste disposal plants, in an interconnected network aided by a Smart Power Grid 

(European Commission, 2021).  

Worldwide, governments are pressuring cities to strive for a better quality of life in parallel 

with sustainability (Arm 2015). Europe has hence created an initiative to incentivize local 

governments to take action and transform their city into one of the more than 200 “Euro Cities” 

that aspire for a greener future (Eurocities 2021). Porto, a town from Portugal, has achieved 

that status with measures such as the renewal of the municipal fleet to electric vehicles, the 

acquisition of electric buses for public transportation, the change of general lighting to LED 

(light-emitting diode), and the exclusive use of renewable energy in municipal management 

buildings (Porto. 2021). To monitor and manage the efficiency of the energy used, IoT services 

facilitate the integration and electrification of distributed energy systems. These systems 

autonomously create electricity within smart cities, which are essential elements of a 

sustainable energy future (Kim et al. 2021). 
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Results and Discussion 

As stated in the group section, two surveys were conducted for this part. The “End Customer 

Perspective” to understand the population's general knowledge about the concepts of Smart 

Houses, Smart Appliances, and their preferences and opinions on the subject, with 159 

responses. The “Real Estate Broker Perspective” to analyze trends of smart components in the 

modern market, with 58 responses. 

As mentioned earlier, IoT and Smart Houses are on the rise. More than 50% of the inquired 

participants knew IoT concepts in the customer survey. Around 85% and 77% of the 

respondents knew what Smart Houses and smart devices are, respectively. This trend is 

confirmed by a study from Arne Holst (2021), which states that most of the citizens surveyed 

know about smart homes and smart devices in the United States. In that study, only about 20% 

of people over 55 did not know these concepts. This percentage drops when it comes to younger 

people. For example, only 7% of 18 to 34-year-olds have never heard of them (Holst 2021). 

As for the market penetration of Smart Houses and appliances, the survey conducted 

revealed that nearly 44% of the respondents own smart home appliances. Of this 44%, only 7% 

have more than five smart devices. Although less than half of the respondents have Smart 

Appliances, according to a market analysis by Statista (2021), sales of Smart House features 

are increasing. From 2017 to 2020, global sales increased by 98% and are expected to grow by 

138% by 2025. According to the same study, the top five countries using Smart House features 

are the United States, China, the United Kingdom, Germany, and Japan. The European market 

is increasingly growing. In Portugal, for example, the market is expected to grow from 84 to 

298 million users by 2025 (Statista 2021). 

Even if not all respondents have a house with smart features, except for one person who did 

not express interest in the Smart House concept, with the survey it was possible to understand 
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some of their preferences as shown in Graph. 1. From the customers' survey, more than half of 

the participants consider Security, Comfort, and Lighting, and Energy Management to be 

relevant smart features, with 20.9%, 20.1%, and 18.2%, respectively. From the second survey, 

professionals stated that most features found more often in properties are Comfort and Lighting, 

and Security features, with 32.2% and 25.9%, respectively Graph. 2. In contrast to customers 

who value home entertainment (16.7%), professionals, at only 9.1%, do not find it a prominent 

property feature. 

 

 

 

 

 

 

 

 

 

 

Graph. 2. Data collected from the survey “Real Estate Broker Perspective”, from the question 
“What kind of smart features do you value most find in properties? Choose 3” The values 
showed correspond to percentages where 100% corresponds to 56. The answer “Other” 
corresponds to car parking solutions. 

Graph. 1. Data collected from the survey “End Customer Perspective”, from the question “What 
kind of smart features do you value the most? Choose 3” The values showed correspond to 
percentages where 100% corresponds to 159. The answer “Other” corresponds to no interest. 
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In both surveys, Smart Appliances are neither the most preferred nor the most found in 

properties. Nevertheless, when looking at their total revenue from 2020, Smart Appliances are 

worth almost double the sum of Home Entertainment and Comfort and Lighting's total revenue 

as shown in Graph. 3 (Statista 2021). The availability of Smart Appliances is increasing from 

small appliances, such as coffee makers, to big ones, such as fridges or washing machines. The 

US market is almost saturated, whereas the EU market still has room to grow (Statista 2021). 

This difference in the found results might be due to the sample of respondents collected being 

mainly Europeans and living in Europe. 

 

 

 

 

 

 

 

In the customers' survey, some questions were raised regarding their opinion about Smart 

Houses and Smart Appliances (Graph. 4). To understand if there is the belief that a connection 

between smart technology and sustainability exists, affirmations C and D were made. 

According to the analysis of the responses, more than half agreed with the sentences. 82% (of 

which 28% strongly agreed) of the inquired agreed that Smart Houses could be a solution for a 

greener future (C), and 84% (of which 32% strongly agreed) agreed that Smart Houses are 

useful in energy savings (D).  

 

Graph. 3. Total smart features revenue from 2021, adapted from (Statista 2021). Updated May 2021.  
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The world we experience today is highly connected. From 2009 to 2015, the sales of 

smartphones tripled, and the internet could be easily accessed from one's pocket (O'Dea 2021). 

As stated above, Smart Appliances generated a total of US$ 29,098 million in 2020. In the 

analysis of this survey, sentences B, E and F, showed a relationship between the answers 

gathered and the data to the current technological trends. More than half agreed that soon, they 

would live in a more connected house (B), that Smart Houses make everyday tasks easier (E), 

and Smart Appliances positively impact their lives.  

In recent years, concerns about privacy while using apps and websites have been rising. 

Laws about data protection were created (General Data Protection Regulation, GDPR), while 

internet security issues have increased concerns about the possibility of people's personal 

information being hacked (European Parliament 2016). For sentence A ("I think Smart Houses 

are a danger to one's privacy"), there was a 5% difference between the agrees and disagrees, 

Graph. 4. Data collected from the survey “End Customer Perspective”. Classification with 
the Agreement Likert scale of the following statements. 
A - I think Smart Houses are a danger to one’s privacy.  
B - I can imagine myself in a smarter house in the near future.  
C - I believe Smart Houses can be a solution to a more sustainable way of living.  
D - Smart Houses help with a better energy management, lowering energy costs. 
E - Smart Houses make everyday tasks easier. 
F - Smart Appliances have a positive impact on my life. 
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36% disagreeing with the sentence, 31% agreeing with it, and 32% have no particular opinion 

on the topic. 

 In the survey, there was a section dedicated to analyzing real estate trends from the 

professionals' point of view (Graph. 5). Most professionals (69%) agreed that the demand for 

homes with smart features has increased over the last five years (G). As explained earlier, 

environmental issues are raised across all sectors. However, for sentence H, these issues do not 

yet appear to be relevant in property searches, with less than half (41%) of respondents agreeing 

that buyers consider sustainability to be an important factor (Arup 2020). For sentence I, the 

percentage of agreement increases slightly and reaches 45%, indicating some indifference to 

the classification of energy efficiency. The scale for this type of classification is divided into 

eight categories (A+, A, B, B-, C, D, E, and F), with A+ representing the highest efficiency 

level and F the lowest energy efficiency of a building. According to the System of Energetic 

Certification (SCE) (2021), the number of buildings with a rating above B- has increased in 

Portugal. However, data from 2020 shows that 56% of certificates issued are below B-, which 

corroborates the results from the professionals' survey (SCE 2021). 

 

 

 

 

 

 

 

 

Graph. 5. Data collected from the survey “Real Estate Broker Perspective”. Classification 
with the Likert Agreement scale of the following statements. 
G - In the past five years, there has been an increase in demand of houses with smart features. 
H - Buyers care about the environment and consider sustainability an important factor. 
I - Customers consider the classification of energy efficiency to be very important. 
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From the comment section on the consumer's survey, technological innovations received 

resistance as a solution for sustainability. One respondent wrote, "I do not see smart homes or 

appliances facilitating a more sustainable way of living. More sustainable living would entail 

reducing consumption of new and quasi-disposable items, fostering circular economies, and 

stepping out of capitalism and the constant consumption of commodities. Making do with less 

rather than creating demand for new gear and the environmental impact that comes with its 

production, transport, and disposal.", raising questions about consumerism and the line between 

what is necessary versus what is just a trend. As presented above, technology can indeed be an 

ally in the struggle toward zero-carbon emissions. However, it can also raise other issues, such 

as the origin of technological products in their supply chain. The demand for cheap electronic 

products pressures companies to go to China and India for cheap labor where working 

conditions are dubious (The Economist 2018). Moreover, many components needed for its 

production have origins in mining conflict zones. For example, the Democratic Republic of 

Congo, where rebels fight for the control of mines, produces about 40% of the total coltan, an 

element crucial to making electronics batteries seen in electronic devices such as smartphones 

and computers. Due to the fear of negative public opinion and loss of customers, big companies 

like Apple and Intel have tried to dissociate from those mines. However, there is a lack of 

transparency of the origins of such minerals, making it hard to understand their supply chain 

fully (The Economist 2021). Another concern regards the pollution caused by electronics when 

disposed of, e-waste. According to the United Nations University, in 2019 was generated 53.6 

million metric tonnes of e-waste worldwide. It is also estimated a rise in that value, reaching 74 

million metric tonnes by 2030 (UN University 2020). 
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Individual Conclusion 

Achieving SDGs goals is no longer a matter of will if businesses want to prosper. 

Governments create laws to incentivize sustainability, and the different sectors need to figure 

out how to make it. Although the real estate sector greatly contributes to the emission of CO2 

through their electricity use, with the aid of IoT and HEMS, it has been shown that sustainability 

could be achievable. Smart Houses and appliances can greatly improve the efficient electricity 

service in buildings. In addition, its adoption by the general population seems to be increasing.  

Sustainability is becoming a synonym for doing better businesses with the added value of 

resources optimization. However, sustainability depends on human will, and the Smart House-

related studies were short-term studies. Therefore, studies should be conducted to understand 

if sustainable habits generated through Smart Houses are majorly long term or short term. 

Additionally, through the conducted surveys, privacy in data collection still creates 

uncertainties for the users of those devices. Furthermore, there are also concerns regarding the 

sustainability and ethics of technology’s supply chain and whether they can be overcome. 

Further investigation of IoT technology should include a thorough understanding of its supply 

chains and the life-cycle of its components to create plans to align them with SDGs.  

Finally, there is no doubt that IoT is a driver of sustainability in developed countries. 

Furthermore, the integration of IoT and other innovative technologies, alongside a circular 

economy, can positively influence the environment of both developed and developing countries 

aiming for better living conditions. 
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7 Final Conclusion 

This paper aims to identify important PropTech 3.0 technologies that can help residential 

real estate brokers stay competitive. While technological adoption in RE still lags behind, 

exciting technologies recently emerged on the market.  

The RE industry is influenced by external factors such as economics, digitization, and 

emerging technological advancements. Similarly, Covid-19 acted as a catalyst in digitalization, 

creating new business model opportunities and adding innovative pressure. While the retail and 

office segments became less attractive as people started buying online and working from home, 

the residential segment and logistics flourished.   

The two surveys highlight crucial areas for improvement on current RE platforms, such as 

low satisfaction, poor purchasing experience, and low industry transparency. That is why 

individual contributions explore specific technologies, namely VR & AR, IoT, Blockchain & 

Smart Contracts, to analyze their potential for RE experience enhancement. Further, digital 

platforms were analyzed to provide an outlook on the future relevance of RE agents. AR and 

VR represent valuable adoptions in the RE industry when considering improvements in 

customer experience. Incorporating these technologies leads to better decision-making, faster 

purchasing processes, and more satisfied customers, solidifying firms' market position and 

creating value. IoT has a wide range of possible applications in RE that create a more 

comfortable and safe living space. Although IoT has been found to contribute to sustainability, 

such as energy optimization, its large-scale adoption is dependent on people's willingness to 

implement these solutions. Integrating Blockchain and smart contracts can lead to higher 

transparency, lower costs and fees, and more autonomous processes. However, governments 

and institutions need to address low adoption levels and country regulations for successful 

Blockchain implementation. Finally, it was found that brokers are unsatisfied with current 

platform models due to their exploitation of power. While a preference for MLS was identified 
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in the study, interviewed experts underlined the unlikelihood of implementing an MLS in 

Europe.  

Ultimately, this paper concludes that recent developments in technology have pressured the 

RE industry. An MLS with VR & AR functionality, on-platform IoT cross-selling option, and 

blockchain-based transactions could disrupt the RE market. By adopting these technologies, 

brokers can remain competitive, and customers can benefit from improved experience and 

market efficiencies. 

 

7.1  Limitations and Future Research  

This thesis analyzes future platform models and the importance of technology adoption in 

residential real estate. The study is limited by focusing on three particular technologies: VR/AR, 

IoT, and Blockchain & Smart Contracts. Additionally, the potential of the three technologies is 

addressed through two surveys targeting European real estate brokers and potential buyers. 

Another limitation is the number and demographics of the "End-Customer Perspective" survey 

respondents, which might not represent European customers. Moreover, both surveys were 

distributed in English, limiting the research to those who comprehend the language. 

Future research should build on technology application to RE, exploring the remaining 

technologies mentioned. VR/AR, IoT, and Blockchain adoption have multiple benefits in the 

RE industry, but further research should focus on other technologies and their impact. 

Additionally, future studies could focus on specific countries or more restricted areas. These 

aspects can contribute to higher accuracy when identifying which technologies each company 

would take a higher benefit from and, therefore, make an investment in. 
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Appendix 

Appendix I: European RE transaction volumes by sector (in billions of €).  

Source: Real Capital Analytics, January 2021 (Figure from DWS 2021). 

 

 

 
 

Appendix II: Euro area annual inflation & its primary drivers, November 2011 – November 

2021 (estimates).  

Source: Eurostat (online data code: prc_hicp_manr). 
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Appendix III: Retail Revenue Recovery in 6 European Markets. 

Source: (CBRE 2021). 

 

 

 

 

Appendix IV: Rising house and rent prices. 

Source: Eurostat 2021 (own figure). 
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List of Abbreviations 

 

AI  Artificial Intelligence  

AR  Augmented Reality 

CAGR  Compound Annual Growth Rate  

CE   Customer Experience 

CRM  Customer Relationship Management 

CSI   Customer Satisfaction Index 

ECB  European Central Bank 

EU  European Union 

GDP  Gross Domestic Product 

GDPR  General Data Protection Regulation 

HEMS  Home Energy Management Systems 

ICT  Information and Communications Technology  

IoT  Internet-of-Things 

ML  Machine Learning 

MLS   Multiple Listing Services 

NPS   Net Promoter Score  

PEPP  Pandemic Emergency Purchase Programme  

RE  Real Estate 

SaaS  Software as a Service 

SCE  System of Energetic Certification 

SDGs  Sustainable and Development Goals 

SQM  Square Meter 
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UK   United Kingdom 

UN  United Nations 

US  United States 

VR   Virtual Reality 

 

References  

 

Afuah, Allan. 1998. “Innovation Management: Strategies, Implementation, and Profits.” 
Oxford University Press.  

Albaum, Gerald. 1997. “The Likert scale revisited: An alternate version.” 
Albertazzi, U., F. Fringuellotti, and S. Ongena. 2019. "Fixed rate versus adjustable rate 

mortgages: evidence from euro area banks." Working Paper Series, October: 2-24. 
Andrew, Mark, and Fabrice Larceneux. 2018. "The role of emotion in a housing purchase: An 

empirical analysis of the anatomy of satisfaction from off-plan apartment purchases in 
France." Environment and Planning A: Economy and Space.  

Arm. 2015. IoT for Smart Cities Transforms Urban Areas. Accessed December 5, 2021. 
https://www.arm.com/solutions/smart-cities. 

Arrival3D. 2021. Arrival3D. November 10. Accessed November 10, 2021. 
https://arrival3d.com/real-estate-scanning/. 

Arup. 2020. “From Principals to Practice: Realising the value of circular economy in real 
estate.” 

Azmi, Athira, Rahinah Ibrahim, Maszura Abdul Ghafar, and Ali Rashidi. 2021. "Smarter real 
estate marketing using virtual reality to influence potential homebuyers' emotions and 
purchase intention." Smart and Sustainable Built Environment.  

Azuma, R., Y. Baillot, R. Behringer, S. Feiner, S. Julier, and B. MacIntyre. 2001. "Recent 
advances in augmented reality." IEEE.  

Balasubramanian, Sai. 2021. The Covid-19 Pandemic Has Fueled A Crisis In The Housing 
Market. https://www.forbes.com/sites/saibala/2021/04/27/the-covid-19-pandemic-has-
fueled-a-crisis-in-the-housing-market/?sh=4a2bee5b5928. 

Balemi, Nadia, Roland Füss, and Alois Weigand. 2021. "COVID-19’s impact on RE markets: 
review and outlook." Financial Markets and Portfolio Management.  

Baregheh, Anahita, Jennifer Rowley, and Sally Sambrook. 2009. "Towards a 
multidisciplinary definition of innovation." Management Decision.  

Barwick, P., and M. Wong. 2019. "Competition in the real estate brokerage industry: A 
critical review." Urban Development (. Urban Development, 1.). 

Baum, Andrew. 2017. “Proptech 3.0: The Future Of Real Estate.” 
BBC News. 2021. What is Climate Change? A really simple guide. October 12. Accessed 

October 29, 2021. https://www.bbc.com/news/science-environment-24021772. 



   
 

56 
 

Benoit, Philippe. 2019. "Energy and Development in a Changing World: A Framework for the 
21st Century." Colombia SIPA. March 4. Accessed November 5, 2021. 
https://www.energypolicy.columbia.edu/research/energy-and-development-changing-
world-framework-21st-century. 

Berry, Leonard, and Lewis P Carbone. 2007. "Build loyalty through experience 
management." Quality Progress.  

Billio, Monica, and Simone Varotto. 2020. "Real Estate and the Effects of the COVID-19 
Pandemic in Europe." In A New World Post COVID-19, by Monica Billio and 
Simone Varotto. Innovation in Business, Economics and Finance 1. 

BNP Paribas Real Estate. 2021. The circular economy at the very heart of construction. 10 de 
June. Acedido em 2 de December de 2021. 
https://www.realestate.bnpparibas.com/circular-economy-very-heart-construction. 

BNP Paribas Real Estate. 2021a. “European Capital Markets.” 
BNP Paribas REIM. 2021. “The Lighthouse-European Property Market Outlook Investment 

Management” Real Estate for a Changing World.”  
—. 2020d. “European Retail Market” 
—. 2021b. “European Logistics Market Q1 2021.” 
—. 2021c. “European Property Market At The Foothills Of A New Cycle.” 
Bouguettaya, Athman, Quan Sheng, Boualem Benatallah, Azadeh Ghari Neiat, Sajib Mistry, 

Aditya Ghose, Surya Nepal, and Lina Yao. 2021. "An Internet of Things Service 
Roadmap: A blueprint for leveraging the tremendous opportunities the IoT has to 
offer." Communication of The ACM 64. 

Braesemann, Fabian, and Andrew Baum. 2020. “PropTech: Turning Real Estate Into a Data-
Driven Market?” SSRN Electronic Journal.  

Britannica. 2020. "History of Europe." The Industrial Revolution . Accessed December 2, 
2021. https://www.britannica.com/topic/history-of-Europe/The-Industrial-Revolution. 

Bytyqi, Kujtim. 2014. “Principles of State-Building: The case of Kosovo.” Conference Paper.  
Çağlar, Ayşe. 2014. “WORLD MIGRATION REPORT Urban Migration Trends, Challenges 

and Opportunities in Europe.” 
CaixaBank. “What's Happening in Europe's Property Market?” CaixaBank Research, January 

22, 2020. https://www.caixabankresearch.com/en/sector-analysis/real-estate/whats-
happening-europes-property-market.  

Carmigniani, Julie, and Borko Furht. 2011. "Augmented Reality: An overview." In Handbook 
of Augmented Reality, by Borko Furht. 

Castro, Gregorio Martín de, Miriam Delgado Verde, Pedro López Sáez, and José Emilio 
Navas López. 2010. "Technological Innovation." Technological Innovation.  

Çetin, Sultan, Catherine Wolf, and Nancy Bocken. 2021. "Circular Digital Built Environment: 
An Emerging Framework." MDPI.  

Chen, Shanzhi, Hui Xu, Dake Liu, Bo Hu, and Hucheng Wang. 2014. "A Vision of IoT: 
Applications, Challenges, and Opportunities with China Perspective." IEEE Internet of 
Things Journal 1. 



   
 

57 
 

Chen, X., and W. Lu. 2018. "Scenarios for Applying Big Data in Boosting Construction: A 
Review." Proceedings of the 21st International Symposium on Advancement of 
Construction Management and Real Estate. Singapore: Springer. 

Cherif, Emna, and Delvin Grant. 2014. "Analysis of e-business models in real estate." 
Electronic Commerce Research. https://link.springer.com/article/10.1007/s10660-013-
9126-z#citeas. 

Chesher, Chris. 2021. “Lifestyle, opportunity and attraction images: real estate platforms and 
the digital remediation of space.” Continuum.  

CompTIA. 2019. The Drone Market: Insights from Customers and Providers. Research 
Report, CompTIA. 

Craven, Jackie. 2018. Modern Architecture and Its Variations. December 22. Accessed 
December 9, 2021. https://www.thoughtco.com/modernism-picture-dictionary-
4065245. 

Cunha, Antonio M., and Júlio Lobão. 2021. “The Determinants of Real Estate Prices in a 
European Context: A Four-Level Analysis.” Journal of European Real Estate Research 
14 (3): 331–48.  

D'Lima, Walter, Luis A. Lopez, and Archana Pradhan. 2020. "COVID-19 and Housing 
Market Effects: Evidence from U.S. Shutdown Orders." Forthcoming at Real Estate 
Economics.  

Danneels, Erwin. 2002. “The Dynamics of Product Innovation an Firm Competences.” 
Strategic Management Journal. 

Deloitte. 2021. “Property Index Overview of European Residential Markets.” 
Demir, Burak, and Keti Ventura. 2021. "Exploring the Internet of Things Within the New 

Generation Smart Home Systems: A Qualitative Study." Emerald Publishing Limited 
363-376. 

Diwekar, Urmila, and Heriberto Cabezas. 2012. "Sustainability : Multi-disciplinary 
Perspectives." Bentham Science Publishers. 

DWS. 2021. “Alternatives Research Real Estate EUROPE REAL ESTATE STRATEGIC 
OUTLOOK.” 

Edelstein, Michael, and Robert Edelstein. 2020. "Crashes, Contagion, Cygnus, and 
Complexities: Global Economic Crises and Real Estate." International Real Estate 
Review 937-962. 

EDP. 2021. Packs Living EDP. Accessed December 7, 2021. 
https://www.edp.pt/particulares/servicos/packs-living-edp/gestao-energia/. 

Eichenberg, Julia. 2019. "A Minor Apocalypse: Warsaw during the First World War. By 
Robert Blobaum." Journal of Social History 535-537. 

Elghaish, Faris, Sandra Matarneh, Saeed Talebi, Michail Kagioglou, M. Reza Hosseini, and 
Sepehr Abrishami. 2020. "Toward digitalization in the construction industry with 
immersive and drones technologies: a critical literature review." Smart and 
Sustainable Built Environment.  

Enel. 2021. We are ready to power your home, your city or your next innovative project. 
Accessed December 7, 2021. https://www.enel.com/company/services-and-products. 



   
 

58 
 

Eskelinen, Lauri. 2020. Designing a New Way to Measure Customer Experience in the Real 
Estate IT Services Business . Laurea University of Applied Sciences. 

Eurocities. 2021. Movement for a local Europe. Accessed December 5, 2021. 
https://eurocities.eu/about-us/. 

European Commission. 2018. Consumer market study on the functioning of the real estate 
services for consumers in the European Union. Final Report, Luxembourg: 
Publications Office of the European Union. 

—. 2021. "Blockchain Partnership". Shaping Europe’S Digital Future. https://digital-
strategy.ec.europa.eu/en/policies/blockchain-partnership. 

—. 2021. "Gross Domestic Product Growth Rate Forecasts in Selected European Countries in 
2021." Statista, Statista Inc., 12 May 2021, 
https://www.statista.com/statistics/1102546/coronavirus-european-gdp-growth/ 

—. 2021. Smart cities Cities using technological solutions to improve the management and 
efficiency of the urban environment. Accessed December 5, 2021. 
https://ec.europa.eu/info/eu-regional-and-urban-development/topics/cities-and-urban-
development/city-initiatives/smart-cities_en. 

European Law Firm. 2012. “Purchasing Real Estate in Europe.” www.european-law-
firm.com. 

European parliament . 2021. What is artificial intelligence and how is it used? 10 26. 
Accessed 10 26, 2021. 
https://www.europarl.europa.eu/news/en/headlines/society/20200827STO85804/what-
is-artificial-intelligence-and-how-is-it-used. 

—. 2016. "European Union Law." EUR-Lex. April 27. Accessed December 3, 2021. 
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32016R0679. 

Eurostat. 2021. “Housing Price Statistics - House Price Index.” 
https://ec.europa.eu/eurostat/statistics-
explained/index.php?title=Housing_price_statistics_-
_house_price_index#Long_term_trends_in_House_prices_and_rents  

—. 2021. Where does our energy come from? Accessed December 2, 2021. 
https://ec.europa.eu/eurostat/cache/infographs/energy/bloc-
2a.html#:~:text=In%202019%2C%20the%20energy%20mix,fossil%20fuels%20(both
%2013%20%25). 

Flexera . 2021. 2021 State of the Cloud Report . Flexera. 
FlowFact. 2021. FlowFact. November 10. Accessed November 10, 2021. 

https://www.flowfact.de. 
Forbes Real Estate Council. 2017. Eight Ways Virtual And Augmented Reality Are Changing 

The Real Estate Industry. 
https://www.forbes.com/sites/forbesrealestatecouncil/2017/07/14/eight-ways-virtual-
and-augmented-reality-are-changing-the-real-estate-industry/?sh=14be3e5565a3. 

Ford, Rebecca , Marco Pritoni, Angela Sanguinetti, and Beth Karlin. 2017. "Categories and 
functionality of smart home technology for energy management." Building and 
Environment 543-554. 



   
 

59 
 

Forrester Consulting. 2015. “Digital Transformation In The Age Of The Customer.” 
Furht, Borko. 2011. Handbook of Augmented Reality. Springer. 
Gates, Bill. 2015. Why we need innovation, not just insulation. Accessed October 29, 2021. 

https://www.gatesnotes.com/Energy/Why-We-Need-Innovation-Not-Just-Insulation. 

Gault, Fred. 2018. “Defining and measuring innovation in all sectors of the economy.” 
Research Policy.  

Getachew, Adom. 2020. Colonialism Made the Modern World. Let’s Remake It. July 27. 
Accessed December 9, 2021. 
https://www.nytimes.com/2020/07/27/opinion/sunday/decolonization-statues.html. 

Gilbert, George. 2017. 2017 Big Data and Analytics Forecast. Wikibon. 
Gleb, B. 2020. Five Innovative Ways You Can Use Virtual Reality in the Real Estate 

Business. https://rubygarage.org/blog/virtual-reality-in-real-estate. 
Goldman Sachs. 2016a. “Profiles in Innovation: Blockchain-Putting Theory into Practice.” 
—. 2016b. Virtual and augmented reality: understanding the race for the next computing 

platform. Global Investment Research. 
Gonçalves, Marta. 2018. “Hybrid vs Traditional models on Customer Experience: an 

application to the Portuguese Real Estate market.” 
Grant, Delvin, and Emna Cherif. 2016. "Using design science to improve web search 

innovation in RE." Journal of Organizational Computing and Electronic Commerce.  
Grewal, Dhruv, Michael Levy, and V Kumar. 2009. "Customer Experience Management in 

Retailing: An Organizing Framework." Journal of Retailing.  
Gujral, Vaibhav, Robert Palter, Aditya Sanghvi, and Brian Vickery. 2020. Commercial RE 

must do more than merely adapt to coronavirus. 
https://www.mckinsey.com/industries/private-equity-and-principal-investors/our-
insights/commercial-real-estate-must-do-more-than-merely-adapt-to-coronavirus. 

Hashem, I.A.T., I. Yaqoob, N.B. Anuar, S. Mokhtar, A. Gani, and S.U. Khan. 2015. "The rise 
of “big data” on cloud computing: Review and open research issues." Inf. Syst. 96–
113. 

Haydon, Danny, and Neeraj Kumar. 2020. Industries Most and Least Impacted by COVID-19 
from a Probability of Default Perspective – September 2020 Update. 
https://www.spglobal.com/marketintelligence/en/news-insights/blog/industries-most-
and-least-impacted-by-covid19-from-a-probability-of-default-perspective-september-
2020-update. 

Holdowsky, Jonathan, Monika Mahto, Michael Raynor, e Mark Cotteleer. 2015. “Inside the 
Internet of Things (IoT).” Deloitte University Press 2-38. 

Holst, Arne. 2021. Awareness of smart or connected home devices among adults in the United 
States as of July 2020, by age group. November 14. Accessed December 1, 2021. 
https://www.statista.com/statistics/1201173/united-states-smart-home-device-
awareness-by-age/. 

Hugues, Olivier, Philippe Fuchs, and Olivier Nannipieri. 2011. "New Augmented Reality 
Taxonomy: Technologies and Features of Augmented Environment." In Handbook of 
Augmented Reality, by Borko Furht. Handbook of Augmented Reality. 



   
 

60 
 

IMF. (2021). “European Union: Gross domestic product (GDP) from 2016 to 2026 (in billion 
U.S. dollars)”. Statista Inc.. https://www.statista.com/statistics/527869/european-
union-gross-domestic-product-forecast/ 

ING Economics Department. 2018. “Technology in the Real Estate Sector PropTech Reduces 
Risks and Increases Value Key Findings: PropTech Reduces Risks and Increases 
Value Restrictions for Innovation in Real Estate.”  

JLL. 2018. "Clicks and Mortar: The growing influence of PropTech" Kasprzak, Piotr. 2015. 
“The Fourth Industrial Revolution and the Real Estate.”  

—. 2019. 3D printed buildings push construction boundaries More and more projects are 
experimenting with this new technology. May 16. Accessed December 2, 2021. 
https://www.us.jll.com/en/trends-and-insights/investor/3d-printed-buildings-push-
construction-boundaries. 

—. 2021. “Global Demand for Logistics Space Expected to Be Strong, with Standout Growth 
in e-Commerce.” Commercial RE, July 21, 2021. 
https://www.us.jll.com/en/newsroom/global-demand-for-logistics-space-expected-to-
be-strong. 

—. 2021a. "Blockchain Gains Ground In Europe’s Real Estate Markets". 2021. Jll.Pe. 
https://www.jll.pe/en/trends-and-insights/investor/blockchain-gains-ground-in-
europes-real-estate-markets. 

Johnston, Robert, and Xiangyu Kong. 2011. "The customer experience: a road‐map for 
improvement." Managing Service Quality: An International Journal.  

Karlamangla, Soumya. 2021. It’s not the same as the fires we were used to: What it’s like to 
fight more intense blazes. . August 6. Accessed November 4, 2021. 
https://www.nytimes.com/2021/08/06/us/california-firefighters.html. 

Kehoe, B., S. Patil, P. Abbeel, and K. Goldberg. April 2015. "A Survey of Research on Cloud 
Robotics and Automation ." IEEE Transactions on Automation Science and 
Engineering, vol. 12, no. 2 398-408. 

Kesternich, Iris, Bettina Siflinger, James Smith , and Joachim Winter. 2012. The Effects of 
World War II on Economic and Health Outcomes across Europe . Iza. 

Kim, Hakpyeong, Heeju Choi, Hyuna Kang, Jongbaek An, Seungkeun Yeom, and Taehoon 
Hong. 2021. "A systematic review of the smart energy conservation system: From 
smart homes to sustainable smart cities." Renewable and Sustainable Energy Reviews.  

Kogabayev, Timur, and Antanas Maziliauskas. 2017. "The definition and classification of 
innovation." HOLISTICA.  

Kostić, Zorana. 2018. “INNOVATIONS AND DIGITAL TRANSFORMATION AS A 
COMPETITION CATALYST.” Društvo ekonomista .  

KPMG. 2020. Real Estate Innovation Overview. KPMG Real Estate Advisory. 

Kun, Wang, and Hu Zong. 2009. "Application study of virtual reality in real estate industry." 
International Conference on Computer Engineering and Aplications.  

Kuzma, J., S. O’Sullivan, T. Philippe, J. Koehler, and R. Coronel. 2017. "Commercialization 
Strategy in Managing Online Presence in the Unmanned Aerial Vehicle Industry." Int. 
J. Bus. Strategy 5-12. 



   
 

61 
 

Lang, Veronika, and Peter Sittler. 2013. "Augmented Reality Apps for Real Estate." 
Langlois, Chloe. 2017. 7 Stats That Will Make You Rethink Virtual Home Tours. 

https://www.montreal360virtualtour.com/7-stats-will-make-rethink-virtual-home-
tours/. 

Lansiti, Marco and Lakhani Karim. 2017 Harvard Business Review.. “The truth about 
Blockchain”, https://hbr.org/2017/01/the-truth-about-blockchain  

Latta, J.N, and D.J Oberg. 1994. "A conceptual virtual reality model." IEEE.  
Le, Thuong T, and Anthony C Koh. 2002. "A Managerial Perspective on Electronic 

Commerce Development in Malaysia." Electronic Commerce Research.  
Lee, H.G., S. Chung, and W.H. Lee. 2013. "resence in virtual golf simulators: The effects of 

presence on perceived enjoyment, perceived value, and behavioral intention." New 
Media & Society.  

Lemon, Katherine N, and Peter C Verhoef. 2016. "Understanding Customer Experience 
Throughout the Customer Journey." Journal of Marketing.  

Li, X., Y. Li, T. Liu, J. Qiu, and F. Wang. 2009. "The method and tool of cost analysis for 
cloud computing." Proceedings of the IEEE International Conference on Cloud 
Computing. Bangalore, India. 92–105. 

Liaw, K. Thomas. 2021. The Routledge Handbook of FinTech. Routledge. 
Liu, Shanhong. 2021. "Global number of publicly known IoT platforms 2015-2019." Statista. 

April 30. Accessed November 11, 2021. 
https://www.statista.com/statistics/1101483/global-number-iot-platform/. 

Lopreiato, J.O, D Downing, W Gammon, L Lioce, B Sittner, and V Slot. 2016. A.E. Spain, 
the Terminology & Concepts Working Group. https://www.ssih.org/dictionary. 

Louis, Jean-Nicolas , Eva Pongrácz, and Antonio Caló. 2014. "Smart Houses for Energy 
Efficiency and Carbon Dioxide Emission Reduction." ENERGY 2014 : The Fourth 
International Conference on Smart Grids, Green Communications and IT Energy-
aware Technologies.  

Lucon, Oswaldo, Diana Ürge-Vorsatz, Azni Ahmed, Hashem Akbari, Paolo Bertoldi, Luisa 
Cabeza, Nicholas Eyre, et al. 2020. "Buildings: Climate Change 2014: Mitigation of 
Climate Change. Contribution of Working Group III to the Fifth Assessment Report of 
the Intergovernmental Panel on Climate Change." Cambridge University Press, 
Cambridge, United Kingdom and New York, NY, USA.  

Maarbani, Steven. 2017.  White Paper: The Future of RealTech, KPMG. 
Maddison, Angus. 1995. Monitoring the World Economy. Paris: OECD Development Center. 
Mantovani, F, A Castelnuovo, A Gaggioli, e G Riva. 2003. “Virtual reality training for health-

care professionals.” Cyberpsychology and Behavior.  
MarketLine. 2021a. “Global Real Estate Industry Profiles.” 
—. 2021b. “Industry Profile Real Estate in Europe.” 
Marona, Bartłomiej, and Mateusz Tomal. 2020. "The COVID-19 pandemic impact upon 

housing brokers' workflow and their clients' attitude: Real estate market in Krakow." 
Entrepreneurial Business and Economics Review.  

Martín, Alberto, Enrique Moral-Benito, and Tom Schmitz. 2019. “Working Paper Series The 
Financial Transmission of Housing Bubbles: Evidence from Spain.”  



   
 

62 
 

Martins, Vítor, Alessandro Turrini, Bořek Vašíček, and Madalina Zamfir. 2021. 
“EUROPEAN ECONOMY Euro Area Housing Markets: Trends, Challenges & Policy 
Responses.”  

Mascarenhas, Oswald A, Ram Kesavan, and Michael Bernacchi. 2006. "Lasting customer 
loyalty: A total customer experience approach." Journal of Consumer Marketing.  

Masefield, John. 2018. DEVASTATED LANDS. Accessed December 9, 2021. 
https://www.theworldwar.org/explore/exhibitions/past-exhibitions/devastated-lands. 

Matterport. 2021. Matterport. November 10. Accessed November 10, 2021. 
https://matterport.com. 

Mell, P., and T. Grance. 2011. "The NIST Definition of Cloud Computing." National Institute 
of Standards and Technology (NIST).  

Meyer, Chris, and Andre Schwager. 2007. Understanding Customer Experience. February. 
https://hbr.org/2007/02/understanding-customer-experience. 

Miller, Michael. 2021. Australia is fighting fire with fire, but running out of time. October 27. 
Accessed November 18, 2021. 
https://www.washingtonpost.com/world/2021/10/27/australia-climate-change-fires/. 

Morano, P., F. Tajani, and C.M. Torre. 2015. "Artificial intelligence in property valuations an 
application of artificial neural networks to housing appraisal." (Advanced 
Environment Sciences) 22 - 30. 

Napp, Ingrid, and Gisele Campos Ribeiro. 2020. "Internet of Things technology applications 
in the workplace environment: a critical review." Journal of Corporate Real Estate 71-
90. 

NASA. 2021. Climatw Change Evidence: How Do We Know? October 12. Accessed October 
29, 2021. https://climate.nasa.gov/evidence/. 

National Association of Realtors. 2021. “Profile of Home Staging.” 
Naumann, Earl, Allan Williams, and M Sajid Khan. 2009. "Customer satisfaction and loyalty 

in B2B services: directions for future research." The Marketing Review.  
Nayyar, Anand, Bandana Mahapatra, DacNhuong Le, and G. Suseendran. 2018. "Virtual 

Reality (VR) & Augmented Reality (AR) technologies for tourism and hospitality 
industry." International Journal of Engineering & Technology.  

Nieradka, Piotr. 2019. “Using virtual reality technologies in the real estate sector.” Annales 
Universitatis Mariae Curie-Skłodowska sectio H Oeconomia.  

Nord, Jeretta Horn, Alex Koohang, and Joanna Paliszkiewicz. 2019. "The Internet of Things: 
Review and theoretical framework." Expert Systems with Applications 97-108. 

Omdia. 2020. .Revenues from the artificial intelligence (AI) software market worldwide from 
2018 to 2025 (in billion U.S. dollars). March 3. Accessed November 21, 2021. 
https://www.statista.com/statistics/607716/worldwide-artificial-intelligence-market-
revenues/. 

Özacar, Kasım, Yasin Ortakci, I. Kahraman, e Rafet Durgut. 2017. “A LOW-COST AND 
LIGHTWEIGHT 3D INTERACTIVE REAL ESTATE-PURPOSED INDOOR 
VIRTUAL REALITY APPLICATION.” GeoAdvances 2017.  



   
 

63 
 

Paetz, Alexandra, Elisabeth Dütschke , and Wolf Fichtner. 2011. "Smart Homes as a Means to 
Sustainable Energy Consumption: A Study of Consumer Perceptions." Journal of 
Consumer Policy 23-41. 

Parker, Kim, Juliana Horowitz, Anna Brown, Richard Fry, Vera Cohn, and Ruth Igielnik. 
2018. “What Unites and Divides Urban, Suburban and Rural Communities.” Vol. 22.  

Pastor, Manuel, Vanessa Carter, Maya Ma, and M A Abood. 2018. “Rent Matters: What Are 
the Impacts of Rent Stabilization Measures?” 

Peralta, Elsa. 2019. "A integração dos “retornados” na sociedade portuguesa: identidade, 
desidentificação e ocultação." Análise Social 310-337. 

Pettey, Christy. 2018. 3 Reasons Why VR and AR Are Slow to Take Off. 
https://www.gartner.com/smarterwithgartner/3-reasons-why-vr-and-ar-are-slow-to-
take-off. 

Pleyers, Gordy, and Ingrid Poncin. 2020. "Non-immersive virtual reality technologies in real 
estate: How customer experience drives attitudes toward properties and the service 
provider." Journal of Retailing and Consumer Services.  

Porto. 2021. Câmara vota compromisso de chegar à neutralidade carbónica antes de 2050. 
December 3. Accessed December 5, 2021. https://www.porto.pt/pt/noticia/camara-
vota-compromisso-de-chegar-a-neutralidade-carbonica-antes-de-2050. 

Preko, Alexander, Samuel Kwami Agbanu, and Mawuli Feglo. 2014. "Service Delivery, 
Customer Satisfaction and Customer Delight in the Real Estate Business. Evidence 
from Elite Kingdom Investment and Consulting Company Ghana." European Journal 
of Business and Management.  

PWC. 2018. Internet of Things in Real Estate. July 31. Accessed December 2, 2021. 
https://www.pwc.de/en/real-estate/digital-real-estate/internet-of-things-in-real-
estate.html. 

—. 2018. PWC. Juli 31. Accessed November 6, 2021. https://www.pwc.de/en/real-
estate/digital-real-estate/drones-in-real-estate.html. 

—2021. “Emerging Trends in Real Estate ® An Uncertain Impact.” 
—. 2021. Emerging Trends in Real Estate - Climate of change. Acedido em 15 de November 

de 2021. https://www.pwc.com/gx/en/industries/financial-services/asset-
management/emerging-trends-real-estate/europe-2020.html. 

Rafiei, M.H., and H. Adeli. 2015. "A novel machine learning model for estimation of sale 
prices of real estate units." J. Constr. Eng. Manag.  

Ramani, Arjun, and Nick Bloom. 2021. The donut effect: How COVID-19 shapes RE. 
SIEPR. 

Reichert, Alan K. 1990. “The Impact of Interest Rates, Income, and Employment upon 
Regional Housing Prices”, The Journal of Real Estate Finance and Economics, 3, 
issue 4, p. 373-91,  

Reichheld, Frederick F. 2003. Harvard Business Review. https://hbr.org/2003/12/the-one-
number-you-need-to-growhttps://hbr.org/2003/12/the-one-number-you-need-to-grow. 

RIBA. 2021. Modernism in architecture. Accessed December 9, 2021. 
https://www.architecture.com/explore-architecture/modernism. 



   
 

64 
 

Ritchie, Hannah, and Max Roser. 2020. Our world in data - CO₂ and Greenhouse Gas 
Emissions. Accessed October 29, 2021. https://ourworldindata.org/co2-and-other-
greenhouse-gas-emissions. 

Ritchie, Hannah, and Max Roser. 2020. Our world in data - Emission drivers. Accessed 
October 29, 2021. https://ourworldindata.org/emissions-drivers. 

Rose, S., M. Clark, P Samouel, and N Hair. 2012. "Online Customer Experience in e-
Retailing: An empirical model of Antecedents and Outcomes." Journal of Retailing.  

Rossini, P. 2000. "Using expert systems and artificial intelligence for real estate forecasting." 
Proceedings of the Sixth Annual Pacific-Rim Real Estate Society Conference . Sydney. 

Sánchez, Veralia. 2017. "Ethics of Smart House Welfare Technology for Older Adults: A 
Systematic Literature Review." Cambridge University Press (Cambrigde University 
Press) 691-699. 

Savills. 2020. “Industrial and Logistics: 2020 Global Investment.” 2020. 
Savills. 2021. “The Total Value of Global Real Estate.” 2021. 
SCE. 2021. Estatísticas da Certificação Energética de Edifícios. Accessed December 2, 2021. 

https://www.sce.pt/estatisticas/. 

Schneider Electric. 2021. EcoStruxure Building. Accessed December 7, 2021. 
https://www.se.com/pt/pt/work/campaign/innovation/buildings.jsp. 

Schwager, Andre, and Chris Meyer. 2007. "Understanding Customer Experience." Harvard 
Business Review.  

SEF 2021. “Sef - Serviço De Estrangeiros E Fronteiras.” Portal Serviço de Estrangeiros e 
Fronteiras, 2021. Retrieved November 19, 2021, 
https://www.sef.pt/en/pages/conteudo-detalhe.aspx?nID=51.  

Sepasgozar, S., P. Forsythe, and S. Shirowzhan. 2016. "Scanners and Photography: A 
combined framework." Australian Universities Building Education Association 
Annual Conference. Brisbane, Australia: Central Queensland University. 

Sepasgozar, S.M., and S. Shirowzhan. 2016. "Challenges and Opportunities for 
Implementation of Laser Scanners in Building Construction." Proceedings of the 
International Symposium on Automation and Robotics in Construction. Auburn, AL, 
USA. 15-30. 

Sethi, Arshdeep. 2021. Achieving A Circular Economy In Real Estate. May 10. Accessed 
December 2, 2021. 
https://www.forbes.com/sites/forbesrealestatecouncil/2021/03/10/achieving-a-circular-
economy-in-real-estate/?sh=4c867a2831b1. 

Shaw, J. 2018. “Platform Real Estate: Theory and Practice of New Urban Real Estate 
Markets.” Urban Geography 41 (8): 1037–64 . 

ShowingTime. 2021. ShowingTime. November 25. Accessed November 25, 2021. 
https://www.showingtime.com. 

Siniak, Nikolai, Tom Kauko, Sergey Shavrov, and Ninoslav Marina. 2020. “The Impact of 
Proptech on Real Estate Industry Growth.” In IOP Conference Series: Materials 
Science and Engineering. Vol. 869. Institute of Physics Publishing. 



   
 

65 
 

Smith, Bonnie. 2021. Europe in the Contemporary World: 1900 to the Present. Bloomsbury 
Publishing. 

Spaceflow. 2021. Spaceflow. November 25. Accessed November 25, 2021. 
https://spaceflow.io/en/. 

Stamminger, Rainer. 2008. “A report prepared as part of the EIE project "Smart Domestic 
Appliances in Sustainable Energy Systems (Smart-A)”.” University of Bonn.  

Stantchev, V., and G. Tamm. 2012. "Reducing information asymmetry in cloud 
marketplaces." International Journal of Human Capital and Information Technology 
Professionals 1-15. 

Statista Research Department, “Global Proptech Fundraising 200        8-2018.” Statista, 
November 6, 2020. https://fr.statista.com/statistics/951857/global-proptech-
investment-value/. 

Statista. 2021. Cloud computing market size in Europe from 2016 to 2025, by segment (in 
billion EUR). August 27. Accessed November 21, 2021. 
https://www.statista.com/forecasts/1235161/europe-cloud-computing-market-size-by-
segment. 

—. 2021. Digital markets - Smart home. May. Accessed November 2, 2021. 
https://www.statista.com/outlook/dmo/smart-home/worldwide. 

—. 2021. Smart Appliances Worldwide. November. Accessed December 2, 2021. 
https://www.statista.com/outlook/dmo/smart-home/smart-appliances/worldwide. 

Sturgis, P. 2011. “Middle alternatives revisited: How the neither/nor response acts as a way of 
saying ‘I don’t know’.” 

Sulaiman, Mohamad, Mohd Aziz, Mohd Bakar, and Nur Halili. 2020. "Matterport: Virtual 
Tour as A New Marketing Approach in Real Estate Business During Pandemic 
COVID-19." International Conference of Innovation in Media and Visual Design.  

Sung, Wen, and Sung Hsiao. 2020. "The application of thermal comfort control based on 
Smart House System of IoT." Measurement.  

Tawania, Abhishek, and Gopal Singh Rao. 2020. "Role of emerging technologies in the RE 
sector." Indian Institute of Management Bangalore.  

Taylor, Peter Lane. 2020. COVID-19 Has Changed The Housing Market Forever. Here’s 
Where Americans Are Moving (And Why). 
https://www.forbes.com/sites/petertaylor/2020/10/11/covid-19-has-changed-the-
housing-market-forever-heres-where-americans-are-moving-and-
why/?sh=7ee75f4f61fe. 

Techopedia. 2021. techopedia. July 7. Accessed November 25, 2021. 
https://www.techopedia.com/definition/155/software-as-a-service-saas. 

Techtarget. 2019. techtarget. July. Accessed November 5, 2021. 
https://internetofthingsagenda.techtarget.com/definition/drone. 

Temkin, Bruce. 2017. CX ROI: Better Customer Experience = More Purchases. 
https://www.xminstitute.com/blog/cx-roi-more-purchases. 

—. 2018. CX ROI: Better Customer Experience = More Recommendations. 
https://www.xminstitute.com/blog/cx-roi-more-recommendations. 



   
 

66 
 

The Economist. 2009. Sustainability. Accessed November 15, 2021. https://www-economist-
com.eu1.proxy.openathens.net/news/2009/09/01/sustainability. 

—. 2013. The multiplexed metropolis. September 7. Accessed December 5, 2021. 
https://www-economist-com.eu1.proxy.openathens.net/briefing/2013/09/05/the-
multiplexed-metropolis. 

—. 2018. China’s grip on electronics manufacturing will be hard to break. October 11. 
Accessed December 2, 2021. https://www-economist-
com.eu1.proxy.openathens.net/business/2018/10/11/chinas-grip-on-electronics-
manufacturing-will-be-hard-to-break. 

—. 2021. Why it’s hard for Congo’s coltan miners to abide by the law. January 21. Accessed 
December 2, 2021. https://www-economist-com.eu1.proxy.openathens.net/middle-
east-and-africa/2021/01/21/why-its-hard-for-congos-coltan-miners-to-abide-by-the-
law. 

The Insight Partners. "Blockchain technology market size worldwide from 2017 to 2027 (in 
billion U.S. dollars)." Chart. December 4, 2018. Statista. Accessed December 05, 
2021. https://www.statista.com/statistics/1015362/worldwide-blockchain-technology-
market-size/ 

Tseng, Shih-Pang , Bo-Rong Li, and Shih-Pang Tseng. 2014. "An application of Internet of 
things with motion sensing on smart house." IEEE.  

Uchehara, Ikechukwu, Mansur Hamma-adama, Kwadwo Obiri, and Naeimeh Jafarifar. 2020. 
"Impacts and Risk Management of COVID-19 Pandemic on Real Estate Supply 
Chain." International Journal of Real Estate Studies.  

Ullah, Fahim, Samad M. E. Sepasgozar, and Changxin Wang. 2018. "A Systematic Review of 
Smart Real Estate Technology: Drivers of, and Barriers to, the Use of Digital 
Disruptive Technologies and Online Platforms." Sustainability.  

—. 2021. "It’s all about perceptions: A DEMATEL approach to exploring user perceptions of 
real estate online platforms." Ain Shams Engineering Journal.  

UN University. 2020. The Global E-waste Monitor 2020 – Quantities, flows, and the circular 
economy potential. Accessed November 27, 2021. https://ewastemonitor.info/gem-
2020/. 

UN. 2011. History of the United Nations. Accessed December 2, 2021. 
https://www.un.org/en/about-us/history-of-the-un. 

—. 2015. Sustainable Development Goals. Accessed November 2, 2021. 
https://sdgs.un.org/goals. 

—. 2016. SUSTAINABLE REAL ESTATE INVESTMENT. Accessed November 3, 2021. 
https://www.unepfi.org/publications/investment-publications/property-
publications/sustainable-real-estate-investment-2/. 

—. 2020. The Paris Agreement. Accessed November 5, 2021. https://unfccc.int/process-and-
meetings/the-paris-agreement/the-paris-agreement. 

—. 2021. COP26 Explained. July 26. Accessed November 5, 2021. https://ukcop26.org/wp-
content/uploads/2021/07/COP26-Explained.pdf. 



   
 

67 
 

Vailshery, Lionel Sujay. 2021. "Internet of Things (IoT) spending worldwide 2023." Statista. 
January 14. Accessed November 11, 2021. 
https://www.statista.com/statistics/668996/worldwide-expenditures-for-the-internet-
of-things/. 

—. 2021. Internet of Things (IoT) - statistics & facts.  
https://www.statista.com/topics/2637/internet-of-things/. 

Vaisi, Salah. 2012. "Smart Technology Creates a New Style in Architecture and 
Technological Aesthetics." Conference Paper.  

Vidal-Abarca, Álvaro, Miguel Jiménez, Tomasa Rodrigo, and Manuel Cabezas. 2016. 
European Urbanization Trends. Madrid: BBVA Research. 

Warburton, D. 2016. The Role of Technology in the Real Estate Industry. Ph.D. Thesis, Cape 
Town, South Africa: University of Cape Town. 

Warmer, Cor , Koen Kok, Stamatis Karnouskos, Anke Weidlich, David Nestle, Patrick 
Selzam, Jan Ringelstein, Aris Dimeas, and Stefan Drenkard. 2009. "Web services for 
integration of Smart Houses in the smart grid." Grid-Interop Forum 2009.  

Wigand, R. T. 2020. "Whatever happened to disintermediation?" Electronic Markets 39-47. 
Winson-Geideman, K., and A. Krause. January 2016. Transformations in Real Estate 

Research: The Big Data Revolution. Queensland, Australia: In Proceedings of the 
22nd Annual Pacific-Rim Real Estate Society Conference. 

Wong, Alfred, Dean Tjosvold, and Chunhong Liu. 2009. "Innovation by Teams in Shanghai, 
China: Cooperative Goals for Group Confidence and Persistence." British Journal of 
Management.  

World Economic Forum. 2015. “Global Agenda Council on the Future of Software & Society 
Deep Shift Technology Tipping Points and Societal Impact.” 

—. 2018. The Future of Jobs Report 2018. Cologny/Geneva: Centre for the New Economy 
and Society. 

Yarovaya, Larisa, Roman Matkovskyy, and Akanksha Jalan. 2022. "The COVID-19 black 
swan crisis: Reaction and recovery of various financial markets." Research in 
International Business and Finance. 

Yuan, Xiaofang, Ji-Hyun Lee, Sun-Joong Kim, and Yoon-Hyun Kim. 2013. "Toward a user-
oriented recommendation system for real estate websites." Information Systems 
(Information Systems). 

Zeng, Wanxian, and Alex Richardson. 2016. "Adding Dimension to Content: Immersive 
Virtual Reality." Australasian Conference on Information Systems.  

Zillow 2021. November 7. Accessed November 7, 2021. Zillow.com. 
 
 
 
 

      


