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The ever-increasing economic human activities nowadays 

have rapidly accelerated climate change and its disruptive ef-

fects. Numerous unprecedented risks and hardships are im-

posed on people and all forms of life on our planet.   

A net-zero approach requires that all man -made greenhouse 

gas emissions must be removed from the atmosphere, allow-

ing to be re -absorbed from the air, by oceans and forestry, 

maintaining the previously established balances in the nature.  

The energy generating industries are the principal source of 

greenhouse gas emissions today. Transforming t hese indus-

tries together with the transportation  sector  is the key action 

in the avoidance of the worst effects of climate change.  

This is achievable by nothing less than a wide -ranging make -

over of the way the energy is generated, transported, and uti-

lized. 

South AfricaɅs electricity generating economy is based predom-

inantly on coal technologies and the country is a relatively 

large emitter of greenhouse gases.  

As a signatory to the Paris Accord, South Africa has committed 

to reaching net -zero carbon emiss ions by 2050. Looking at the 

present status  of South African energy generation and con-

sumption patterns, this will require considerable efforts and 

programmes affecting the entire economy and society.  

South African buildings , both commercial and residenti al, pre-

sent a significant part of the connected  grid load. Normalizing 

the electricity supply of the country in a sustainable and envi-

ronmentally friendly manner require s major changes and dig-

italized  intelligent load optimisation, monitoring, forecasting 

and controlling.  

The acceptance and commercializing  by South Africa of  the 

present buildings digitalisation  trends in use around the world , 

offer attractive opportunities  to resolve  the electricity supply 

challenges of the country.  

Digitalisation  as a broad idiom , is the digital transformation by 

automating and optimizing business processes using modern 

digital and connected technologies.  

In the South African conte xt, there would be maj or benefits of 

the digital transformation o f public and private organizations 

and businesses housed in the commercial and residential 

buildings. The rapid advancement in building digitali sation 

Editorial  
 

 
could lead to significant improvement of the current  

strained  state of the energy generating and supply indus-

try. In addition, digitalisation  would be the catalyst for in-

itiating  and resolving a variety of socio -economic devel-

opment deliveries, while creating new Ɉgreenɉ jobs, im-

prov ing business process, and providing better working 

and living conditions for  the South Africans.  

After the COVID-19 pandemic , now the war in Ukraine is 

going on. These unplanned disrupting events alone are 

changing the worldɅs economies and already are affect ing 

peopleɅs lives and will, with no doubt, touch  the building 

digitalisation  process. On the positive note, digitalisation  

could become more attractive  since the energy savings  

and the other benefits would have more value due to the 

escalated energy price s internationally.  

I wish you an interesting read.  

Greetings , 

 q                

 
Prof OD Dintchev  

Project Team Leader, Tshwane University of Tech-

nology 
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Executive Summary  

Globally, buildings consume 40% of the worldɅs energy, while 

80% of their total lifecycle costs constitutes the building oper-

ating costs [12]. This makes buildings a target group for new 

digital technologies, automation, energy efficiency and conser-

vation, whereas providing b etter and healthy working and liv-

ing environments.  

In the South African context, digitalisation of buildings contrib-

utes towards maintaining a stable electricity supply  in the 

country. Also, this could be an essential contribution towards 

the GovernmentɅs goal to reduce greenhouse gas emissions 

to net -zero  by 2050 as well as the implementation of the Dig-

italisation Strategy . 

This study was conducted by the Tshwane University of Tech-

nology (TUT) as commissioned by GIZ, (Deutsche Gesellschaft 

für Internationa le Zusammenarbeit GmbH) in Pretoria in col-

laboration with the South African National Energy Develop-

ment Institute (SANEDI). The study aimed to conduct a review 

on the state of digitalisation in the buildings sector. The build-

ings sector in this regard is l imited to commercial and office 

(public and private) buildings.  

The research methodology was based on the evaluation of dig-

italisation, also known as digital transformation, as a process 

of automating and optimizing business models with the help of 

technol ogy to achieve energy efficient operations.  

The evaluation was executed with the understanding that the 

state of buildings digitalisation maturity in South Africa is gov-

erned by the mitigation of the impacts of the insufficient capac-

ity of the countryɅs electricity generation capacity on the busi-

ness and living conditions in the buildings.   

Several South African buildings were evaluated considering the 

building Clusters Classification of Building Occupancy and 

Building Description in accordance with the So uth African 

Standard SANS 10400-XA:2021 [3]. 

The buildings were evaluated while considering the following 

technologies as the important levers in optimizing the build-

ings assets: Lighting, Heating, Air Conditioning, Ventilation, Se-

curity and Access Control  systems along with efficient, auto-

matic monitoring and control.  

A review of the building digitalisation stages in developed 

countries namely the USA, Germany, Sweden, and the UK was 

performed.  

Questionaries based on the governing factors of building digi-

talisation were developed and used as a base to evaluate the 

main buildings clusters in South Africa. These were compli-

mented by site visits.  
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The digitalisation maturities of the local and overseas buildings 

were compared, although the different countries h ave differ-

ent priorities in implementing digitalization.  

The focus of digitalisation for the South African buildings is to 

ensure normal and healthy working conditions in buildings in 

an environment where scheduled and non -scheduled electrical 

outages are a common occurrence.  

The study identified the leading building in all clusters and con-

cluded that the digitalisation stage of the local buildings with 

high digital maturity ranks/scores close to the (average) ma-

turity levels of the other countries reviewed . However, the 

number of the local buildings with noticeable digital maturity is 

much less than their foreign counterparts. The reasons being: 

political, socio -economical, technological, ecological, and cul-

tural amongst the others.  

Yet, the study pointed o ut that the digitalisation of the South 

African buildings could be very beneficial in many respects to 

the country and the South Africans. 

The main benefits in this regard are:  

¶ Contribution in increasing the electricity generating 

capacity by introducing sustainable electricity gener-

ating sources  

¶ Reducing both the base and peak loads of the coun-

try by energy efficiency and alternative energy imple-

mentations  

¶ Reducing the carbon footprint  

¶ Mitigating the secondary effects of the COVID -19 pan-

demic on the economy by creating new green jobs 

and addressing gender equity issues  

¶ Health benefits by creating healthy and enhanced 

working environments, tailor -made to avoid and pre-

vent the restrictions due to the present and future 

pandemic(s).  

In general: Buildings of today and tomorrow need to be digital-

ized to provide better flexibility, improved healthy working con-

ditions, as well as increased adaptivity and resilience for ever-

changing local and global disruptive ev ents.



 

1. Background  

With buildings contributing around 40% of global energy -re-

lated emissions, the #BuildingToCOP26 Coalition was instru-

mental in bringing together national, regional, and city -level 

leaders, alongside the private sector, to showcase the building 

sectorɅs critical role in achieving zero emissions, a resilient fu-

ture, and t he deep collaboration needed to accelerate climate 

action [1].  

The digitalized, net -zero-buildings use energy extremely effi-

cient and are supplied by renewable energies. In the South Af-

rican context, digitalisation of buildings offers a major poten-

tial for the maintenance of a stable electricity supply in the 

country. This could be an essential contribution towards the 

GovernmentɅs goal to reduce greenhouse gas emissions to 

net -zero by 2050.  

To initiate the series of studies, the South African ɀ German 

Energy Partnership in collaboration with South African Na-

tional Energy Development Institute (SANEDI) appointed the 

Tshwane University of Technology (TUT) as a service provider 

to conduct a study on the maturity of digitalisation of the 

buildings sector. The buildings sector in this regard includes 

commercial and office (public and private) buildings.  

Ultimately, SANEDI will use the information generated by the 

study to inform and advise the Department of Mineral Re-

sources and Energy (DMRE) in its policy -making decisions.  

The scope of the study was to include:  

1.1 Global analysis 

Limited to four countries that are advanced in applying digital 

technologies for energy efficiency purposes in the buildings 

sector. Germany, the USA, the UK and Sweden were s elected 

for this analysis. This was to provide:  

a. an overview of the key market forces driving 

change  in the global buildings sector. These should 

include but are not limited to the areas of sustaina-

bility, decarbonisation, new business models and dig-

italisa tion.  

 

 

b. an overview of the digital trends  and outline the im-

pact  of digital transformation in the global buildings 

sector regarding energy efficiency.  

c. an overview of the key technologies  behind the dig-

ital trends.  

d. an overview of the state of digital adoption/ digital 

maturity  of the global buildings sector.  

e. an overview of the top digital solution providers  in 

the digital buildings space with a South African pres-

ence, including their value proposition, key activities, 

and target customer segments.  

1.2 South African analysis 

Limited to:  

a. As-Is Situation  to provide an overview of:  

i. the digital adoption/ digital maturity in the 

buildings sector in South Africa from a pri-

vate and public sector regulatory framework 

perspective.  

ii. the digital trends in the South African build-

ings sector.   

iii. review the existing regulatory framework/ 

nationa l strategic documents and assess the 

potential impact of COVID -19 on the devel-

opments.  

b. To-Be potential : Compile the key opportunities of 

digitalisation for the buildings sector, focussing on 

energy efficiency/savings potential and additional job 

opportunit ies.  

1.3 Disclaimer      

The main purpose of this study is to evaluate the digitalisation 

maturity of South African buildings with an emphasis on en-

ergy efficiency and ability of the buildings to minimize the op-

erating costs, while improving the productivity and working / 

living conditions of the occupants. Since all these would lead 

to the improved business performance of the building, all the 

contributing factors are subject to commercial confidentiality 

thus influencing the competitive edge of the buildings as com-

mercial entities. For this reason, the study is quantifying and 

evaluating the buildings as clusters /groups (without using 

their commercial names) to observe the privacy and confiden-

tiality of the information.  

State of Digital Transformation with specific 
focus on the energy efficiency potential on 
energy demand  in the Buildings Sector  
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2. Introduction  

Globally, buildings consume 40% of the worldɅs energy, while 

80% of their total lifecycle costs constitutes the building oper-

ating costs [2]. A digitalised building (workplace) exists at the 

intersection of: People, Organizations and Digital Tools, as 

shown in Error! Reference source not found. . 

 

 

 

 

 

 

 

 

 

The primary focus of buildingɅs digital transformation is on en-

abling employees   and management to accomplish relevant 

business targets . As illustrated in Error! Reference source not f

ound. , digitalising a building will result in benefits such as im-

proved business process, increased energy efficiency and op-

timized operating costs.  

The entire business operating model is a complex and dy-

namic matter that can greatly be improved via digital transfor-

mation. The focus of this study is on the energy efficiency po-

tential  as arising from global digitalisation trends. This fea-

tur e of the investigated buildings is very significant to the pre-

sent South African business environment. In this perspective, 

the significant building assessing variables / targets in improv-

ing buildings operational efficiency could be summarized as:  

¶ Energy optimization  

¶ Lighting  

¶ HVAC 

¶ Security control systems   

¶ Efficient, automatic monitoring  

¶ Data analytics to optimize all the above  

¶ Integrated system of sensors, inter -connected and 

communicating on multiple platforms.  

 

In contrast to the buildings digitalisation in other countries, 

the main challenge for the South African digital transfor-

mation in the buildings sector is the availability of reliable 

electricity supply , a result of the shortage of generation ca-

pacity in t he country. In other words, improving buildings op-

erational efficiency continues to drive the implementation of 

digital technologies in building operations.  

 

 

Therefore, in the South African context, one of the main KPIs 

for buildings digitalisation will be the ability to mitigate the 

effects of interruptions  to the core business processes dur-

ing planned and non -planned interruption of the electricity 

supply. Di gitalisation offers valuable options to predict and 

overcome the above challenges through Artificial Intelli-

gence (AI) and Business Intelligence (BI) solutions .  

3. Digitalisation in buildings operation ɀ 

global overview  

There is a consensus among facilitiesɅ managers, owners and 

other facilitiesɅ stakeholders that digitalisation is the next step 

towards a greater operational efficiency in business opera-

tions as it brings about process automation, optimizes opera-

tions, and enhances functionality, comfort (indo or climate), 

safety, and efficiency of buildings and other infrastructure.  

The primary focus of buildingɅs digital transformation is on en-

abling employees and management in accomplishment of rel-

evant business targets . 

Organisa-

tions 

Digital Tools  

People 

Digitalised building ex-

ists at the intersection of : 

Å People 

Å Organisations 

and  

Å Digital tools  

Figure 1. Digitali zed building  

Figure 2. Benefits of digitalising  buildings  
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Due to the complex and dynamic nature of business in the in-

formation age, digital transformation should consider the par-

ticularity of the business so to maximize productivity, e.g., de-

tecting the replicable processes to then build a standard work-

flow and r emove the unnecessary processes or reshape the 

workplace to be more attractive and flexible for end -users. 

This includes the use of sensors  to proactively detect and re-

port inefficiencies and malfunctions, speeding up improve-

ments of processes  within the f acility and communicating 

this via multiple digital platforms. This is shown in Error! Ref-

erence source not found.  where the impact of digital transfor-

mation in the various areas of businesses is illustrated. Syner-

gising the application of digital technology into the core aspect 

of a business would result in increased productivity, in-

creased business revenue  in the me dium and long term and 

transforming the workplace into a healthy and safe environ-

ment  where it is pleasant to work.  

Major contributors to operating cost in businesses ɀ other 

than human resources ɀ are the utility costs including energy, 

water, waste manag ement and connectivity. An increase in ef-

ficiency in any of these core business needs would provide a 

competitive advantage for the business and ensure sustaina-

ble growth. As a core element of energy systems, energy effi-

ciency is fundamental in addressing operational challenges 

for the energy needs of businesses. Recent digital innovations 

are offering new ways of looking at the existing energy effi-

ciency challenges and finding creative strategies to address 

these challenges, while providing a completely ne w oppor-

tunity to advance energy efficiency to the next level. For max-

imum effectiveness, these strategies are to take into consid-

eration the entire energy sector from generation to consump-

tion and beyond. The crucial elements of digital integration in 

the energy sector can be stated as follows [4]:  

 

 

 

¶ Value proposition  

o Increased system efficiency (energy effi-

ciency and energy conservation)  

o removal and/ or recycling hazardous waste 

from the business process  

o Innovative business models  

o Effective policy -making and its implementa-

tion  

¶ Benefits  

o Data accessibility and usability ɀ automated 

and transparent reporting for M & E and M 

& V purposes  

o Automation and connectivity  

o Empowered consumers and other stake-

holders  

¶ Resources 

o Digital technologies and platforms  

o Relevant expertise of different segments  

o Clear leadership and communication  

A global exploration into the advancement/penetration of dig-

ital technologies i n building energy management showed dif-

ferent focus in implementation [2]. While in the US market , 

the emphasis is placed in transforming buildings and facilities 

into flexible loads for grid operations [5], in the German mar-

ket  the focus is primarily on e nergy efficiency and grid inte-

gration remains second [6]. This is naturally shaped by busi-

ness needs, policies, and current regulatory frameworks in 

the respective markets / countries. In turn, preferred strate-

gies are adopted based on what makes the most business 

sense. As a result, strategies developed or adopted vary coun-

try by country. These strategies include:  

 

Figure 3. Digital transformation ef-

fects on business operations  
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¶ Energy efficiency: reduce consumption with same or 

improve level of building function. It has the greater 

potential of minimising utilisation c ost. 

¶ Load shed: reduce consumption for a short period 

ensuring that the building functions are not nega-

tively affected. Usually done during peak demand 

when energy cost is high.  

¶ Load shift: manage timing of energy use from high 

demand periods to low demand  periods.  Impact on 

overall energy used is low but potentially has a 

greater cost to benefits ratio.  

¶ Modulate: quick response to grid signal to balance 

active or reactive supply and demand to prevent sys-

tem instability and possible blackouts.  

¶ Generate and  store energy: on -site generation and 

storage (electrical or thermal energy) for on -site con-

sumption primarily and grid supply (electrical only) in 

response to request from the grid operator.  

Passive technologies such as building envelope, windows and 

dayl ighting considerably increase the efficacy of these strate-

gies made possible with digitalisation [5]. In fact, as buildings 

are used as flexible grid resources, they could be considered 

as thermal and electrical storage unit from the grid operator 

perspect ive. 

3.1 Market forces driving digitalisation in the 

buildings sector 

Challenges such as cost, availability and reliability of elec-

trical energy while ensuring a sustainable and environ-

mentally conscious growth  in various sectors of the econ-

omy are driving the introduction of innovative solutions as a 

holistic solution taking into consideration multiple and inter-

dependent constraints. Digitalisation has been shown to pre-

sent a solution to these challenges in way s that could not be 

achieved otherwise. This drives the digitalisation process in 

buildings, which is a considerable contributor to the total en-

ergy consumed globally. In addition, the advances in infor-

mation and communication technologies easing the trans for-

mation and generating large volumes of data are stimulating 

the building energy efficiency enhancements, while creating 

immense opportunities for reducing the operational costs 

and increased productivity.  

The increased stress on the electrical infrastru cture due to the 

rising share of variable renewable generation affects the reli-

ability and energy costs to end -users. Coupled with rising 

power generation cost and transmission capacity constraints, 

alleviating the stress on the electrical infrastructure w ould re-

quire a more flexible control of supply and demand in a grid 

that is more and more decentralised. This involves the control 

of resources connected to the grid including buildings, electric 

vehicles, and any other controllable and shiftable loads wit h 

the aim to ensure the optimal grid operation, minimum cost 

and reduced reliance on non -renewable energy sources.  

Digitalisation provides the opportunity to tap into end -use en-

ergy efficiency through optimisation, control, and data analyt-

ics, effectively  moving from a single end -use efficiency to a 

systems wide efficiency sought out by grid operators to allevi-

ate the pressure on the electrical infrastructure. It is reported 

that digitalisation has the potential to reduce energy use in 

buildings by 10% glo bally by 2040 if integrated into the build-

ing value chain and lifecycle [7].  

The buildings sector presents the largest opportunity for grid 

interaction and energy efficiency. In the US market, for exam-

ple, this sector is responsible for more than 40% of en ergy 

consumption (all building types combined) more than trans-

portation and industry. It is estimated that 75% of all electric-

ity produced in the US is consumed in buildings [5]. However, 

the buildings electricity consumption is largely decentralised 

compr ising of multiple small to medium energy users such as 

residential dwellings, small and large business buildings 

spread on a very large geographical area, which presents dif-

ficulties in achieving the intended goals for grid interaction. 

Digitalisation is s een as the means to offer the necessary in-

sight, through appropriate analytics, to manage and control 

loads for a coordinated demand response and system energy 

efficiency on a large scale.  

The ultimate goal is to turn buildings (of all sizes) into flexible 

grid resources ɀ match consumption to actual energy needs 

via automatic and intelligent controls, while keeping them 

useable for the occupants e.g., prioritize occupant preference 

and comfort [5]. This would, for example, automatically adjust 

temp erature and airflow based on occupancy, control illumi-

nation via a combined lighting and automatic blind control to 

name a few. On average, 11% to 22% of energy savings are 

possible in the second year after implementation of a building 

digital energy manag ement system in commercial buildings 

[3].  

As the COVID-19 pandemic changed fundamentally the way of 

working of millions of people globally, most of the buildings 

especially offices have drastically reduced their occupancy lev-

els leaving very large areas of  office space unused. With more 

people having left the offices to work from home in the last 2 

years due to the Covid -19 imposed social distancing 

measures, digitalisation could be leveraged to elevate the 

building operation. Building systems could be opti mised 

based on the actual occupancy where building services in the 

offices and areas frequently used by the personnel present in 

the building on a specific day would be prioritised. The occu-

pancy information could be collected from the access control 

and security systems and linked to the building energy man-

agement system.  

System efficiency is to be achieved by linking multiple build-

ings virtually as flexible resources for the grid. This will turn 

passive consumers ɀ building operators and owners - into ac-

tive consumers. If incentives are provided, load could be 

shaded on a per building basis when not critically needed e.g., 

reduce HVAC consumption in portions of a building when not 

occupied, or dimming the lights while opening automatic 

blinds in another po rtion of the building with sufficient 
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sunlight. This, however, is not limited to controllable and shift-

able load but also to generation within buildings where em-

bedded generation, preferably renewable, is present and 

could be made available to the grid ope rator.  

An estimated 20% in operating cost savings can be achieved 

by making a building grid -interactive and efficient through dig-

ital technologies [2].  

In the German context , the digitalisation market is seen as 

the crucial path towards energy efficiency for a neutral carbon 

objective. Most German utilities are of the opinion that decen-

tralised energy generation, efficient use of power and grid 

flexibility are the most important fields in which digitalisation 

should apply [8]. This belief is shared by more  than 170 energy 

efficiency service providers who are members of DENEFF 

(German Industry Initiative for Energy Efficiency), a strong ad-

vocacy voice for energy efficiency [6].  

These technologies would be able to pool together small -scale 

generation capacit y and enable peer -to -peer energy trading 

giving a more active role of consumers in the energy market. 

This is critical in the future of the GermanɅs energy market 

with the commitment to shift from large, centralised energy 

generation via fossil fuel toward  a mixed mode of generation 

including distributed renewable generation. This transfor-

mation has already seen the share of renewable energy in-

crease to about 50% of generated electricity in  Germany, 

from wind and solar mostly.  

Digitalisation is developing  fast through the active support of 

DENEFF, its members, and various partners in the GermanɅs 

wider industrial sector [6]. The primary objective is the optimi-

sation of the energy systems with better, cheaper, faster, con-

venient, and more reliable energy so lutions. By making use of 

digital technologies, intelligent and adaptive controls, that 

could develop energy saving strategies  in ways we might 

not understand thanks to optimisation via artificial intelli-

gence and machine learning. This affects energy effi ciency but 

also demand side management for the optimisation of the 

electric system, (production, storage, transmission etc.). It is 

estimated that digitalisation in the energy sector would save 

as much as EUR 7.7 billion in the German energy sector [8].  

3.2 Digital trends and key technologies   

The number of connected devices with automated control ɀ 

including appliances, devices, smart meters, sensors, BMSs ɀ 

is increasing exponentially and by 2021 has exceeded the 

number of people [9]. It is estimated that ea ch household, on 

average, has 50 connected devices [10]. As connected devices 

related to automation and end -use energy efficiency reach 

the market, they rapidly expand at a yearly exponential rate. 

By 2030, it is estimated that connected devices will reach  50 

billion worldwide [9]. In addition, the control flexibility offered 

by these smart appliances ɀ valuable in terms of active moni-

toring and demand response from grid operations ɀ these de-

vices are generally more efficient than the appliances they 

would replace. Utilities and end -users both benefit from the 

uptake of smart devices as new business models around utili-

sation of smart and connected devices are developed.  

An indicator of the rapid uptake of digital technologies in the 

energy sector is the num ber of start -ups focused on digital en-

ergy businesses reaching 64% of global energy start -up glob-

ally in 2020 despite the COVID -19 pandemic [2].  

Business models  are shifting focus from utilities and supply 

products ɀ a centralised approach to energy manag ement ɀ 

to user -centred energy services  with a potential to generate 

up to USD 10 billion across France, Germany, Italy, the Neth-

erlands, Spain, and the United Kingdom [2]. The focus on 

these new business models is on software development, op-

timisation and  artificial intelligence applications  for en-

ergy efficiency and grid flexibility ɀ business -to -business, busi-

ness-to -customer, customer -to -customer and customer -to -

utility energy trading and demand response. Major traditional 

players in the energy sector h ave partnered with upcoming 

start -ups to take advantage of the innovative technologies de-

veloped for an efficient and flexible digital grid.  

Based on several case studies, building energy management 

systems (BMS) based on digital technologies have shown to  

reduce energy consumption significantly [2]. The impact is 

context dependant and can be subdivided in two broad tech-

nological categories:  

¶ Device level technologies  

o Smart LED lighting ɀ 40 to 50% of savings  

o Smart windows & HVAC consumption ɀ 20 to 

25% of savings  

o Smart electric motors ɀ 10 to 20% of savings  

o Smart water heating ɀ 10% to 15% of savings  

o Smart thermostats & HVAC consumption ɀ 5 

to 10% of savings  

¶ System level technologies  

o Fully integrated with efficient smart appli-

ances ɀ 30 to 40% of savings  

o Monitoring and managing automation ɀ 20 

to 30% of savings  

o Smart zoning thermostats ɀ 10 to 20% of 

savings  

o Behaviour changes from monitoring feed-

back ɀ  5% of savings  

o Fault detectio n and diagnosis ɀ 5% of savings  
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Performance on individual technologies/interventions could 

be compounded if implemented concurrently provided that 

appropriate strategies are employed. However, the large 

adoption of connected devices in buildings adds a non -negli-

gible energy demand when compared to non -connected de-

vices. To maintain connectivity, these devices will consume 

an additional 0.2W to 3W when active or in standby mode as 

compared to non -connected devices [2]. This could consider-

ably reduce the energy performance of certain connected 

appliances that are expected to be idle for extended periods. 

However, with economies of scales and continuous improve-

ments, the energy intensity of connected devices is ex-

pect ed to be halved by 2040 to account for 275 TWh of 

energy consumed globally per annum compared to an 

estimated saving of 4 650 TWh  yearly due to efficiency and 

optimised controls made possible by connected devices [11]. 

In addition, the social and health re lated benefits linked to 

digital technologies and connected devices in buildings 

should not be overlooked.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 6. Image of connected devices. Source: Extracted 

from AzoBuild online article . 

Figure 5. Energy efficiency with digital devices - Device level 

technologies [2]  
Figure 4. Energy efficiency with digital devices - System 

level technologies [2]  
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It is important to note that, with the exponential increase of 

digitally enabled devices or appliances, there is a need to con-

sider the increased energy needs of the data transfers and in-

formation processing infrastructure as more and more data 

needs to be  processed and stored in real -time. In Germany, 

this increase is expected to reach 300 TWh by 2030 [9]. If cur-

rent trends are maintained, the gains of digitalisation would 

only be significant for heating and cooling technologies/ strat-

egies while smart lig hting and other appliances gains could be 

offset by the energy needs for the additional communication 

and processing infrastructure [16].  

 

3.3 Digitalisation attributes and adoption bar-

riers 

Based on the global analysis in the selected countries (USA, 

Germany,  Sweden and the UK) the key attributes  of a digital-

ised building include the following:  

¶ Supports two -way connectivity and communication 

with devices, equipment, and appliances within the 

building, as well as the grid.  

 

INFOBOX 1 

Key digital  

technologies  
 

HVAC, Water heating and Refrigeration  

Building heating, ventilation, air conditioning, water heat-

ing and commercial refrigeration take up the largest 

share of electrical consumption in buildings, offering the 

greater opportunity for energy e fficiency. These loads are 

highly shiftable due to thermal inertia making them the 

perfect candidate for automated grid service support 

with no to little impact on the occupant comfort. The per-

formance is highly dependent on the climate and the 

building en velope ɀ high performance in winter for cold 

climates and in summer for hot climates. Connected ther-

mostat with additional external sensors (temperature, 

occupancy, etc.) linked to predicted daily temperature 

from offsite systems ensure an efficient proces s of these 

shed-able/shiftable loads within the building or the grid 

in which they operate.[ 12] 

 

Connected lighting  

Connected lighting refers to a system of light fixtures that 

have sensors and are connected to a network, allowing 

them to send and receive data based on pre - pro-

grammed schedule or automatic optimised control. The 

penetration of this technology is currently low ɀ esti-

mated at 4% for commercial US buildings for fixtures with 

a 2-ways communication capability. The control of these 

fixtu res is mostly achieved by dimming the lights in com-

mercial and industrial buildings when demand reduction 

is needed. The slow adoption of automated lighting  (two -

way connections)  on a larger scale can be attributed to 

limited interest from manufacturers an d developers that 

tend to focus on large commercial and industrial loads 

such as HVAC and water heating systems. Development 

of digitalisation in this technology area can only see 

growth once incentives such as cost and/or regulation 

provide the opportunit ies for compelling business cases. 

A large portion of the present connected  lighting pene-

tration  in the US can be attributed to the introduction of 

a new building code in requiring that buildings above a 

certain square footage must be capable of automated 

wattage reduction of 15% [1 3]. 

 

Automated building envelope and windows  

 

This englobes all technologies that can be used to regu-

late temperature and illumination in the building taking 

advantage of the external environment. Automating 

these technologies ca n considerably increase the energy 

efficiency of a building. Window and building envelop 

could affect up to 47% of overall electricity consumption 

in buildings depending on the climate [1 4]. Technologies 

in this category impact efficiency, load shedding (dynamic 

window glazing for lighting) and load shifting.  

 

 

 

Electronics, IT equipment and miscellaneous electric 

loads  

As energy efficiency of core building loads improves, fur-

ther opportunities can be found in electronics, IT equip-

ment and other miscellaneous electric loads. The US En-

ergy Information Administration forecast that these loads 

would consume up to 50% of delivered electricity in resi-

dential and commerc ial buildings [1 5]. This makes electron-

ics, IT equipment and other miscellaneous electric loads a 

viable avenue for energy efficiency and grid services. The 

focus of manufacturers is however on energy efficiency ra-

ther than grid services (automated Demand Response). The 

use of connected plugs could however allow these devices 

to be controlled as part of loadshedding or shifting initia-

tives. 
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¶ Equipment within the system is designe d to monitor, 

report, and provide flexibility to shed, shift, or modu-

late load by responding to control commands (locally 

or remotely).  

¶ Ability to monitor, incorporate, predict, and learn 

from building -level conditions (occupant needs and 

preferences) and outdoor conditions (weather and 

grid needs).  

¶ Co-ordinates and executes complex control strate-

gies that adapt to changing conditions over multiple 

timescales.  

¶ Quantitatively estimate and verify the energy and de-

mand savings of different strategies and impac ts 

from changing building conditions (e.g., occupancy 

behaviour due to the improvements).  

¶ Optimization techniques can choose among multiple 

strategies and balance efficiency with flexibility and 

occupancy comfort.  

¶ Inter -operability, having the ability to exchange data 

and control signals effectively and securely among 

connected devices/equipment/appliances and con-

trol systems.  

¶ Resilient to cyberattacks  and threats, having the abil-

ity to perform the services described above while 

maintaining end -to -end data security and protection 

against unauthorized access. The war in Ukraine con-

firmed the danger effects of these intimidations 

when executed under orders of high authorities.  

Success of digitalisation adoption in the buildings sector is 

slowly bui lding up. Barriers to a wider adoption of digital tech-

nologies have delayed its development even in the most ad-

vanced countries. In countries such as Sweden  with one of 

the highest digitalisation maturities in Europe, the focus of 

digitalisation in the ene rgy sector has been on energy inten-

sive industries including manufacturing and industrial pro-

cesses seen as sectors with most opportunity in energy sav-

ings and demand response [11]. Some observed barriers  in-

clude:  

¶ Consumer perception : new and mostly unprov en 

digital technologies receive resistance from users 

due to lack of understanding of the technology and 

concerns over information security [7]. Most con-

nected devices have yet to receive wide adoption as 

only limited data and case studies are available fo r 

the wider public  

¶ Complexity : connected devices developed by multi-

ple players in the market use different data manage-

ment and communication protocols ɀ mostly propri-

etary ɀ hindering the interoperability of the devices 

[2].  

¶ Business models : high initial  costs, low customer 

participation and limited commercial incentives are 

disadvantages in developing new business models. 

Digitalisation tends to disproportionally benefit the 

building tenants through decreasing energy bills, op-

erational costs and carbon f ootprints. At the same 

time the building occupants/employees are fur-

thered by better healthy living and working 

conditions, while assisting the greater productivity or 

quality of life. However, the building owner, who ulti-

mately invests in the digital tech nologies, sees very 

little return on investment in the short term.  

In addition to these barriers, there is a need to develop the 

infrastructure necessary to process the volume of data gener-

ated by connected devices at a scale never seen before and 

ensure t hat there is sufficient skill in the operation and 

maintenance of the considerable large ICT infrastructure, as 

well as data analytics and data science in general. The impacts 

of these barriers could however be mitigated by [9]:  

¶ Standardizing energy effici ent digital technologies 

through proven and measured benefits to provide 

transparency e.g., energy performance labelling.  

¶ Provide clear data security standards and policies for 

building digital technologies.  

¶ Use of open data management and communication 

protocols to ensure interoperability of digital devices 

from different providers.  

¶ Energy services providers to offer demonstration 

platforms.  

¶ Ensure transparency on issues encountered during 

development of digital technologies, identified solu-

tions and perfo rmance metrics.  

¶ Government to provide subsidies and continuous 

support on building digitalisation such as split incen-

tive between tenant and owner so benefits can be 

shared by both.  

¶ Create market regulations to facilitate new business 

models.  

¶ Support investment in development of ICT infrastruc-

ture while training a new type of workforce that 

would be able to operate and maintain the infrastruc-

ture.  

¶ Develop innovative and creative Digitalisation Aware-

ness Campaigns ɀ conventional communication 

channels and strategies will just not work in this in-

stance! 

In summary, technologies, and know -how necessary to digi-

talise energy use in buildings is present in developed markets 

but wide adoption is still hindered by the above -mentioned 

factors.  

3.4 Digitalisation risks 

Although the benefits of digitalisation for businesses in reduc-

ing their operating costs have been made clear above, there 

are still some risks associated with the implementation of dig-

ital technologies as part of an active strategy for utility  man-

agement in buildings. These are:  

1. Cyber security : This is a growing concern for any 

business and with the growing trend of digitalisation 

in the energy sector, cyber security should be taken 

much more seriously by building and facility manag-

ers. If the restricted building network is 
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unauthorizedly penet rated by one reason or another, 

this could be more harmful now that most systems 

are interconnected. Additionally, access to the build-

ing local network could provide Ɉintrudersɉ with ac-

cess to control physical system with the potential to 

cause physical ha rm to the building occupants.   

 

2. Complexity:  Due to the interconnectivity of the digi-

tal system, the entire system would be much more 

difficult to manage and that could present oppor-

tunity for Ɉintrudersɉ to find weaknesses in the com-

plex system. In additi on, improper management of 

the complex system could reduce the efficiency of 

the building operation instead of improving it.  

 

3. Personal data management:  With the interest of 

improving operation, digital system might collect 

some personal information of empl oyees. However, 

any company and organization irrespective of the 

size, sector or location that process the personal in-

formation, should comply with the South AfricaɅs Pro-

tection of Personal Information Act (POPIA) [17].  

 

3.5 Digital solution providers with South Afri-

can presence 

Major international digitisation solution providers with an im-

portant South African presence have developed solutions tai-

lored to the South African energy context. A non -exhaustive 

list of these major international players include:  

Siem ens:  provides hardware and software for energy man-

agement devices and selected sensors. Specialised servers 

can be provided based on needs and buildings specification  

o Schneider Electric  provides hardware and software 

for energy management devices and selec ted sen-

sors. Specialised servers can be provided based on 

needs and building specification  

o Rockwell automation:  dedicated to automation, 

provides a variety of smart devices for building and 

industrial application. They also offer remote access 

to plant flo or data via smartphone, tablets, or laptop  

o IFM electronics:  Provide a variety of high -quality 

sensors used in data collection and automatic con-

trol.  

Other international major players in digitalisation includes 

Cisco Systems Inc., IBM Corporation, Microsof t Corporation 

with greater focus on IoT, data analytics and cloud computing.  

In addition, local digitisation solution providers, partnering 

with international players are also actively developing solu-

tions for digitalisation of buildings. Some of these loc al players 

include:  

o Customized Control Solutions : provides hardware 

and software for energy management devices and 

selected sensors. Custom built systems based on 

Tridium, Siemens, Sedona and Alerton platforms can 

be provided. Target market is the commerc ial and 

hospitality sectors of the economy.  

o Solid State Controls : provides hardware and soft-

ware for energy management devices and selected 

sensors. The company provides complete solutions 

and can design room controls, plant controls, moni-

toring systems wh ich are interactable with Honey-

well, Tridium and Alerton platforms. Target market is 

the commercial and hospitality sectors of the econ-

omy.  

o Optimal Control Systems:  provides hardware and 

software for energy management devices and se-

lected sensors. The comp any provides complete so-

lutions able to integrate various measurement de-

vices such as temperature sensors, airflow pressure 

switches, metering, various speed drives, air quality, 

access control etc which are interactable with Honey-

well, Distech, Johnson Controls, Tridium and Alerton 

platforms. Target market is the commercial and man-

ufacturing sectors of the economy.  

o PCS Global: provides hardware and software for en-

ergy management devices and selected sensors. The 

company provides complete solutions based on 

SCADA systems and automatic controls from design, 

implementation, testing, and monitoring. The com-

pany has a footprint in the entire southern Africa re-

gion.  

From the global analysis, there is tremendous potential in en-

ergy saving and optimisation through digitalisation of energy 

systems in the buildings sector. This is evidenced by the grow-

ing interest of governments and private organisations and the 

development of new business cases taking advantage of the 

possibilities provided by digital technol ogies in energy effi-

ciency initiatives. Digitalising energy management is seen as 

the next step towards a zero -carbon future for many coun-

tries. However, significant challenges must be addressed at 

different levels including technology compatibility, cost,  regu-

lations and the public adoption of this new technologies. In 

addition, the COVID - 19 pandemic and its devastating second-

ary impacts on the South African economy, created wide ave-

nues for utilizing the enormous potential of the digitalisation 

of buildi ngs as a part of revitalisation / normalisation of South 

African and worldɅs economies. 

 

 

 

 



 

4. Digitalisation ɀ the South African con-

text  

In contrast to the building digitalisation boom in other coun-

tries, the main challenge for digital transformation in South 

Africa is the availability of reliable electricity supply , which 

is as a result of the shortage of generation capacity in the 

country . From the local context, the availability of electricity 

is the main focus for government and policy makers, and 

this is reflected on the digital technologies that are priori-

tised in building energy management. Here, efficient opera-

tion from device to sys tem level in buildings is the emphasis 

as evidenced by the new EPC regulation [18] while grid inte-

gration is still decades away. This is a result of, primarily, the 

lack of sufficient generating capacity and secondly, lack of 

the necessary infrastructure t o provide grid integration ser-

vices to buildings.  

Therefore, in the South African conditions, one of the main 

KPIs for buildings digitalisation will be the ability of the busi-

ness processes to be unaffected by the regular (planned and 

non -planned) electri city outages.  

Under the recent EPC regulations, buildings in South Africa 

need to have their energy performance assessed by an ac-

credited party, which will issue an EPC that rates the building 

in terms of energy efficiency. The energy performance is de-

fine d in the regulations as the net energy consumed in kilo-

watt -hours per square meter per year (kWh/m²/yr) to meet 

the different needs associated with the use of a building. 

These regulations are expecting to boost the process of a 

building digitalisation and  associated energy efficiency initi-

atives. 

Considering the share of electrical consumption in buildings, 

digitalisation offers immense opportunities for improving 

the energy balance challenges of the country. The main con-

tributions of the digitalised build ings in this regard are:  

¶ Reducing the energy demand and the base load by 

energy efficiency and renewable energies.  

¶ Intelligent real -time load control at the peak peri-

ods for cost reduction to the user and better system 

operation for the grid operator.  

¶ Allowing co and self -generation with options to ex-

port the excess of the locally generated electricity 

back to the national grid.  

¶ Improving the carbon footprint of the country due 

to enhanced energy efficiency, energy & water stor-

age, recycling and extensive  usage of renewable en-

ergy sources.  

¶ Creating awareness and educating building occu-

pants on energy efficiency and sustainable behav-

iour at work and at home.  

In addition, expanding buildings digitalisation could contrib-

ute to the mitigation of the secondary impacts of COVID -19 

pandemic on the South African economy. The main result 

would be the creation of Ɉgreenɉ jobs based on advanced 

technologies for the digitalisation of buildings. It should be 

noted that most of the above jobs would be based on ad-

vanced computing technologies, laptops, tablets and other 

mobile Ɉsmartɉ devices, thus easily accessible to the younger 

generations generally more Ɉtech savvyɉ and people with 

disabilities due to remote access and control capabilities.  

4.1 Data collection methodology 

The objective of the data collection was to provide an over-

view of:  

¶ the digital adoption/ digital maturity in the buildings 

sector in South Africa from a private and public sec-

tor regulatory framework perspective.  

¶ the digital trends in the Sou th African buildings sec-

tor.   

¶ the existing regulatory framework/ national strate-

gic documents and assess the potential impact of 

COVID-19 on the developments.  

This will then allow the compilation of the key opportunities 

of digitalisation for the buildings sector, focussing on energy 

efficiency/savings potential and additional job opportuni-

ties. 

The relevant primary data was obtained directly by Qualita-

tive Data Collection Techniques (QDCT) which included visits, 

observations, interviews and questi onnaires.  

The following building types were selected in order of prior-

ity for the study:  

1. Office buildings (government, corporate, municipal)  

2. Commercial buildings (shopping centres, ware-

houses, hotels)  

3. Places of instruction (universities, colleges etc.)  

4. Hospitals and clinics  

These buildings were expected to present the largest impact 

and opportunity for the advantages of digitalisation. The aim 

of the study was to identify a minimum of 5 and a maximum 

of 10 buildings per type. Provisions were made such that  

representative group of different types of buildings as per 

the occupancy categories (per building classification for 

each climatic zone) listed in SANS 10400 ȤXA:2021: The appli-

cation of the National Building Regulations [14] is repre-

sented in the selecti on as realistically as possible. In COVID Ȥ

19 working environment the Team focus was on on Ȥline and 

remote avenues for data collection.  
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 INFOBOX 2 

Building   

classifications  

 

 
A1:  Entertainment and public assembly occupancy  

where persons gather to eat, drink, dance or participate 

in other recreational activities. This occupancy includes 

venues such as restaurants, night clubs, sport bars, gyms, 

and other similar venues. In Sout h Africa, these venues 

are mostly found within  larger buildings or complexes 

such as shopping centres and malls and thus depends on 

utility provided by these centres including electricity, wa-

ter, refuse, or backup power. This limits the ability of ten-

ants within this occupancy type to invest in technologies 

(digital or otherwise) to reduce their utility cost if not im-

plemented by the commercial centre.  

 
A2: Theatrical and indoor sport   occupancy  where per-

sons gather for the viewing of theatrical, operatic, orches-

tral, choral, cinematographically or sport performances. 

This includes movie theatres, live theatre, or sport courts.  

These venues are mostly found within  larger buildings or 

complexes s uch as large commercial centres and malls; 

however, they occupy a lager footprint as compared to 

the A1 occupancy venues and have a bigger sway with the 

centre facility management or landlords to inde-

pendently manage their utility costs. This is achieved 

through sourcing of alternative supply (renewable and/or 

backup power) or through more sophisticated utility cost 

management processes including digital technologies 

within the area they occupy.  

 

 
A3: Places of instruction   occupancy  where school chil-

dren, students or other persons assemble for the pur-

pose of tuition or learning. It includes occupancy other 

than primary or secondary schools where students or 

other persons assemble for the purpose of tuition or 

learning. This would, th erefore, include schools, colleges, 

universities, and Technikons. Usually as multiple build-

ings on a campus, the A3 occupancy type offers great op-

portunities for optimisation through digitalisation. This 

could include the optimal management of appliances 

based on different utilisation patterns of auditorium, of-

fices and lecture halls or optimal control of backup gen-

eration and renewable generation (if applicable).  

 

  
F1: Large shop occupancy  where merchandise is dis-

played and offered for sale to the public and the floor 

area exceeds 250 m². Venues in this occupancy type 

could be located within larger commercial centres or as 

standalone buildings. The important footprint of these 

venues within  commercial centres provides sufficient lev-

erage with the centre management to operate and man-

age their own utility cost through optimised control and 

process. This mainly includes lighting and climate control, 

optimising the customer experience and energy  costs. 

Standalone facilities in this category are also incentivised 

to manage their utility to optimise operating costs. These 

standalone facilities often take advantage of their large 

footprint to generate and store electricity on site in addi-

tion to man aging their other utility cost via digital tech-

nologies . 

 

 
F2: Small shop occupancy  where merchandise is dis-

played and offered for sale to the public and the floor 

area does not exceed 250 m². Mostly found within  larger 

buildings or complexes such as commercial centres and 

thus depends on utilit ies provided by these centres (elec-

tricity,  water, refuse, etc). This limits the ability of build-

ings in this occupancy type to invest in technologies (dig-

ital or otherwise) to reduce their utility cost if not imple-

mented by the centre as a whole . 

 
F3: Wholesaler's store occupancy  where goods are dis-

played and stored and where only a limited selected 

group of persons is present at any one time. Somewhat 

similar to the F1 large shop occupancy class, these build-

ings are mostly standalone construction and rarely found 

within large commercial centres. The same incentive as 

for the F1 occupancy class apply for this class.   

 
G1: Offices Large multi -story office buildings , banks, 

consulting rooms and similar uses with li fts and energy 

consuming services that operate on a typical daytime oc-

cupancy. Building s in this type of occupancy are more 

likely to invest in technologies aimed at reducing their 

utility cost. Businesses that operate in venue s of this oc-

cupancy type are more likely to have the capital of financ-

ing opportunities to invest in digital technology for utility 

cost optimisation and to ensure uninterrupted electrical 

supply.  

 

 



19 

 

4.2 Evaluation criteria 

Based on the global analysis and on the specific South Afri-

can focus of digitalisation, the following criteria were em-

ployed in the evaluation of digital technologies in energy 

management in build ings: 

1. Digital technologies ɀ assessing the type of digital 

technologies present within the building. This does 

not however indicate that the facility uses the digital 

technologies e.g., take advantage of advanced func-

tionalities of connected devices for en ergy effi-

ciency improvement.  

2. Digital connectivity and communication ɀ assessing 

the type of communication employed to monitor 

and control digital devices within the buildings.  

3. Monitoring and reporting capabilities ɀ assessing 

the quality and usability of t he data collected by and 

from the digital technologies.  

4. Remote control capabilities ɀ assessing the auto-

matic and remote -control capabilities of the digital 

devices.  

5. Inter -operability ɀ assessing the level of inter -oper-

ability amongst the different digit al devices in the 

building.  

6. Data management and security ɀ assessing the 

data management and security level of the digital 

information collected.  

For each of the above criteria, the building was rated on a 

scale from 0 to 5.  

4.3 Sample size 

The actual sample size per building classification is pre-

sented below. The minimal sample size was reduced from 5 

to 3 with the aim of still capturing diversity in results. Addi-

tionally, the buildings targeted in most instances are as-

sumed to have multiple identical establishments throughout 

the country e.g., business chains, franchises, and multi -lo-

cated establishments.  

 

 

 

 

 

 

 

 

 
G1: Offices stand -alone blocks or campus (or both)  of 

buildings that form an office park but operate separately. 

A campus type occupancy offers a great opportunity for 

utility cost optimisation. Similar to the occupancy type A3: 

Places of instruction, the utility resources could be opti-

mised according to utilisation pattern for each building in 

the campus . 

 

 
H1: Hotel occupancy  where persons rent furnished 

rooms, not being dwelling units. In this occupancy type, 

any interruption to utility services such as water and elec-

tricity will highly inconvenience guests and result in fewer 

bookings. As a result, important investments have  been 

made in venues within this occupancy type to  ensure  un-

interrupted electrical  and water supply via storage, back -

up generation and/or renewable generation on site 

where allowed by local regulation. This has also encour-

aged the adoption of digital tech nologies to manage and 

optimise the use of energy within these facilities to mini-

mise cost end ensure reliability of the supply . 

 

 
E2: Hospital  occupancy where people are cared for or 

treated because of physical or mental disabilities and 

where they are generally bed -ridden. Many of the South 

African hospitals are well advanced in the building digital-

isation . The uncertain electricity supply demand ed 100% 

secure alternative electricity supply during the regular 

load shedding in the country. All the core technologies 

have been subject to control and optimization based on 

the principles of digitalisation . The Solar Water Heating 

and Photovoltaic (PV) alternative/ storage systems are 

available and in use. This allowed efficient operation , pa-

tient care and satisfaction especially in the critical times 

of the pandemic . 

 

The classifications above were chosen based on antici-

pated matured levels of digital p enetration in compari-

son with excluded building classifications. The study as-

sumed that the excluded building classifications were not 

as digitally matured as the included building classifica-

tions. Further work is recommended to include the re-

mainder of bu ilding classifications in future work.  
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Table 1. Sample size 

Clusters Classification of   Building occupancy and 

Building Description in accordance with SANS 10400-

XA:2021 

Sam-

ple 

size 

A1:  Entertainment and public assembly Occupancy 

where persons gather to eat, drink, dance or participate 

in other recreation  

5 

A2: Theatrical and indoor sport Occupancy where per-

sons gather for the viewing of theatrical, operatic, orches-

tral, choral, cinematographically or sport performances  

2 

A3: Places of instruction Occupancy where school chil-

dren, students or other persons assemble for the pur-

pose of tuition or learning  

5 

F1: Large shop Occupancy where merchandise is dis-

played and offered for sale to the public and the floor 

area exceeds 250 m²  

5 

F2: Small shop Occupancy where merchandise is dis-

played and offered for sale to the public and the floor 

area does not exceed 250 m²  

5 

F3: Wholesaler's store Occupancy where goods are dis-

played and stored and where only a limited selected 

group of persons is present at any one time  

5 

G1: Offices Large multi -story office buildings, banks, con-

sulting rooms and similar uses with lifts and energy con-

suming services that operate on a typical daytime occu-

pancy. 

5 

G1: Offices Stand-alone blocks or campus (or both) of 

buildings that form an office park but operate separately  

5 

H1: Hotel Occupancy where persons rent furnished 

rooms, not being dwelling units  

5 

E2: Hospital Occupancy where people are cared for or 

treated because of physical or mental disabilities and 

where they are generally bed -ridden.  

5 

 

4.4 Digital penetration scores 

The scoring per building classification is presented in Error! R

eference source not found. . Depending on the answer to 

each question out of the questionnaire, a score for digital 

maturity is attributed to every building. The higher the per-

ceived digital maturity of the building is, the higher the build-

ing scores. Each assessed building is scored out of a total of 

30 points. Based on the final scor e, the following 5 bands of 

digital maturity/penetration have been defined:

Between 0 and 5: Building has minimal digital penetration  

1. Between 5 and 10: Building has some digital pen-

etration  

2. Between 10 and 15: Building has average digital 

penetration  

3. Between 15 and 23: Building has digital penetra-

tion above average  

4. Greater than 23: Building has matured digital pen-

etration  

Table 2. Digitalisation scores  

Building Evaluation Matrix based on the Assessment 

Questionnaire  

Building 

Score Mar-

gins  

From  To Building Performance 

Score Assessment  

Between 0 

and 5:  

0% 17% Building has minimal dig-

ital penetration   

Between 5 

and 10:  

17% 33% Building has some digital 

penetration  

Between 10 

and 15:  

33% 50%  Building has average 

digital penetration  

Between 15 

and 23:  

50% 77%  Building has above aver-

age digital penetration   

Greater 

than 23:  

77% 100%  Building has matured 

digital penetration  



 
Table 3. Digital penetration scoring per assessed building  

 

Digital 

technolo-

gies  

Digital connec-

tivity and com-

munication  

Monitoring 

and report-

ing capabil-

ities  

Digital de-

vices / 

Equipment 

Inter -oper-

ability  

Control 

Capabili-

ties  

Data man-

agement 

and secu-

rity  

Total 

score 

/30  

Penetra-

tion level  

A1:  Entertainment 

and public assem-

bly occupancy where 

persons gather to 

eat, drink, dance or 

participate in other 

recreation  

2 1 1 1 1 0 6 

Some digi-

tal pene-

tration  

2 1 1 1 1 0 6 

Some digi-

tal pene-

tration  

1 1 1 1 1 0 5 

Some digi-

tal pene-

tration  

2 1 1 1 1 0 6 

Some digi-

tal pene-

tration  

3 2 1 1 1 0 8 

Some digi-

tal pene-

tration  

A2: Theatrical and 

indoor sport occu-

pancy where persons 

gather for the view-

ing of theatrical, op-

eratic, orchestral, 

choral, cinemato-

graphically or sport 

performances  

4 2 1 1 1 1 10 

Some digi-

tal pene-

tration  

4 4 1 1 2 1 13 

Average 

digital 

penetra-

tion  

A3: Places of in-

struction occupancy 

where school chil-

dren, students or 

other persons as-

semble for the pur-

pose of tuition or 

learning  

1 3 3 1 1 4 13 

Average 

digital 

penetra-

tion  

3 1 1 1 0 0 6 

Some digi-

tal pene-

tration  

4 2 1 1 1 0 9 

Some digi-

tal pene-

tration  

4 1 1 0 1 0 7 

Some digi-

tal pene-

tration  

4 1 1 1 0 0 7 

Some digi-

tal pene-

tration  

F1: Large shop occu-

pancy where mer-

chandise is displayed 

and offered for sale 

to the public and the 

floor area exceeds 

250 m²  

0 1 1 1 1 0 4 

Minimal 

digital 

penetra-

tion  

4 2 1 1 2 1 11 

Average 

digital 

penetra-

tion  

4 2 1 1 2 1 11 

Average 

digital 

penetra-

tion  

3 2 3 1 1 4 14 

Average 

digital 

penetra-

tion  

4 5 5 4 4 5 27 
Mature 

digital 
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penetra-

tion  

F2: Small shop occu-

pancy where mer-

chandise is displayed 

and offered for sale 

to the public and the 

floor area does not 

exceed 250 m²  

1 1 1 1 2 0 6 

Some digi-

tal pene-

tration  

1 1 1 1 1 1 6 

Some digi-

tal pene-

tration  

1 1 1 1 1 1 6 

Some digi-

tal pene-

tration  

2 1 1 1 1 1 7 

Some digi-

tal pene-

tration  

2 1 1 1 1 1 7 

Some digi-

tal pene-

tration  

F3: Wholesaler's 

store occupancy 

where goods are dis-

played and stored 

and where only a 

limited selected 

group of persons is 

present at any one 

time  

2 2 1 1 1 0 7 

Some digi-

tal pene-

tration  

2 1 1 1 1 0 6 

Some digi-

tal pene-

tration  

2 2 1 1 1 0 7 

Some digi-

tal pene-

tration  

5 3 3 2 3 4 20 

Above av-

erage digi-

tal pene-

tration  

1 1 1 1 1 1 6 

Some digi-

tal pene-

tration  

4.5 Digital penetration score per occupancy 

type 

ϥt is assumed that each assessed buildingɅs score weighs 

equally in the overall assessment per building category. It is 

for this reason that increasing the sample size will affect the 

results linearly and marginally regardless of building size 

and numeracy  e.g., franchises of the same design could have 

the same scoring and skew the results to their favour if iden-

tical buildings were chosen for analysis. Table  represents 

the score per digitalisation transformation criteria for each 

building surveyed. The total score is then taken as the aver-

age for each occupancy class surveyed . 

The penetration level for each occupancy type assessed is 

shown in Error! Reference source not found. 7. Overall, large o

ffice building  occupancies demo nstrate the highest level  

of digital penetration for energy management. In fact, it is 

the only occupancy type from the buildings sample surveyed 

that has a mature penetration  score.  

 

Figure 7. Digitalisation summary across surveyed occu-

pancy classes 
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This is followed by hospital and hotel occupancies with 

above average scores. Small offices, large shops, theatrical 

and indoor sport occupancy types follow with average pen-

etration scores and the remaining  occupancies scoring be-

low average or wi th some digital penetration. It is interesting 

to notice that none of the surveyed buildings scored a mini-

mal digital penetration score showing the reach digital tech-

nologies have had in the  operation of buildings across all 

building occupancy classes.  

  

Figure 8. Contribution to overall scoring  

There is a clear indication that buildings within occupancy 

types with easier access to opportunities or with the right 

incentives to Ɉdigitaliseɉ have the highest penetration ac-

cording to the surveyed buildings. L arge office occupancies 

have easier access to funding  for digitalisation while the 

operating efficiency of hospitals and hotel, directly linked to 

the capacity to stay competitive , is greatly enhanced by 

digital technologies.  

Error! Reference source not found. 8 shows the contribution o

f each occupancy type to the total performance of the sur-

veyed South African buildings (based on a weighted average 

score). The G1 large office occupancy contributes 19% while 

the A1, A2, and F6 occupancy classes contribute 6% or be-

low.  

This shows that a f ifth of the overall digital penetration in 

South African buildings can be attributed to large office oc-

cupancy building types.  

 

 

 

 

 

 

Looking at a more detailed analysis of the collected data as 

shown in Error! Reference source not found. 9, the contribu-

tion of each digital transformation criteria to the overall 

scoring of each occupancy type is indicated.  

Error! Reference source not found.  shows the overall contri-

bution of each criterion to the scoring of the surveyed build-

ings in the South African context. About a third of the con-

tributing criteria is the technologies installed on site while 

the lowest contributing criteria are data ma nagement and 

security, and inter -operability of digital technologies.  

Figure 9. Detailed digital penetration analysis  

The analysis shows that the penetration for each occupancy 

type is skewed towards the digital technologies  criteria 

while the inter -operability and data management, and secu-

rity criteria contribute less across all occupancy types. This 

reveals a trend where digital technologies are installed but 

not utilised as intended due to either lack of the necessary 

infr astructure or lack of expertise to operate  the con-

nected technologies within the buildings. This is quite evi-

dent in the place of instruction occupancy type where about 

40% of digital penetration is due to the installed digital tech-

nologies while inter -operability, data management and se-

curity, and control contribute for less than 30%. Note that 

for A1 occupancy types there was no evidence of data secu-

rity and management processes.  

 

 

 

 

 

 

Figure 10. Overall contribution per criteria  ɀ South Africa survey  

 



24 

 

5. Buildings digitalisation penetration in 

other markets  

Green Building Councils (GBCs) are independent, non -profit 

organizations made up of businesses and organizations 

working in the building and construction industry. The man-

date of GBCs is to inspire a built environment where people 

and planet thrive. To promote, encourage and facilitate 

green building in the property and construction industry 

through market -based solutions, by promoting the practice 

of green building and sustainable living.  

 

One of the tools used by the GBCs is the LEED® rating sys-

tem [19]. The LEED® rating system has seven areas of con-

centration, sustainable sites, water efficiency, energy and at-

mosphere, materials and resources, indoor environmental 

quality, innovation in design process and regional priority. 

Projects obtain credits in these area s to achieve certification. 

Certification status is based on 5 levels namely Certified (up 

to 49 points), Silver (up to 59 points), Gold (up to 79 points) 

and Platinum status (more than 79 points).  

 

5.1 Digital penetration scoring (global equiva-

lent results) 

To align the study ratings with the council ratings, it has been 

assumed that the percentage points of the LEED tool and the 

local study questionnaire align in terms of percentages. This 

means that the global adaptation of the local study can be 

realized us ing Error! Reference source not found. . This as-

sumption is because higher rating on the LEED ranking re-

quires higher level of digital technology to meet the strin-

gent criteria of the global scale. The adaptation matrix as-

sumes that the scoring assessment in the global study was 

not focusing only on areas of concentration depicted above 

but a focus on energy management and efficiency as a  main 

theme.  

 

Table 4. LEED tool to local study equivalence  

Global Scoring  

Local South 

African Equiv-

alent  

Plati-

num  
 

80+ points 

earned  

Advanced digi-

tal penetration  

Gold 

  

60-79 

points 

earned  

Above average 

digital penetra-

tion  

Silver 

 

50-59 

points 

earned  

Average digital 

penetration  

Certified  

 

40-49 

points 

earned  

Some digital 

penetration  

 

The Green Building Council global directory of projects was 

reviewed and building categories in the directory paired to 

the SANS 10400ȤXA:2021 categories for ease of comparison.  

 

Buildings not registered on the LEED database are less likely 

to have a building with significant advancement in digital 

technologies. We acknowledge that this might skew the 

global finding towards higher penetration, however, the lo-

cal study did not find any of the buildings surveyed to have 

minimal digital penetration allowing to draw an equivalence 

or comparison between the LEED database to the local 

study.  

 

5.2 Digital penetration scoring - United States of 

America 

The United States has approximately 35,454 buildings listed 

across the 10 building classifications with various levels of 

certification as shown in Error! Reference source n ot found. . B

uildings with the greatest number of platinum certifica-

tion/mature digital penetration are predominately in the G1: 

Offices large multi -story office buildings followed by the A3: 

Places of instruction ca tegory. This is expected since corpo-

rations are perceived to have the funds that can be deployed 

to undertake such exercises and learning institutions are at 

the forefront of technological innovation. Energy consump-

tion is also the key driver to obtain cer tification as well as 

maintaining branding recognition.   
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Table 5. Digital penetration results - United States  

 

5.3 Digital penetration scoring - United Kingdom 

The United Kingdom has 152 Green Building Council certi-

fied buildings. Like the United States the trend for the build-

ings with the highest rating is in the G1: Offices large  

multi -story office buildings sector however, followed by the 

F1: Large shop occup ancy building classification. This could 

be attributed to the fact that the G1: Offices large multi -story 

office buildings category comprises of corporates that have 

the financial means to implement energy efficiency 

measures while simultaneously obtaining  reputational capi-

tal.  

 

 

 

 

 

 

 

Table 6. Digital penetration results ɀ United Kingdom  

Building classifi-

cation  

 

  

Certi-

fied / 

Some 

digital 

pene-

tration  

Silver / 

Aver-

age 

digital 

pene-

tration  

Gold / 

Above 

aver-

age 

digital 

pene-

tration  

Plati-

num / 

Ad-

vanced 

digital 

pene-

tration  

Grand 

Total  

  

A1: Entertainment 

and public assem-

bly  

8 2 4 0 14 

A2: Theatrical and 

indoor sport Oc-

cupancy  

0 0 0 0 0 

A3: Places of in-

struction  
0 0 1 1 2 

F1: Large shop 

Occupancy 
13 4 3 2 22 

F2: Small shop 

Occupancy 
11 3 11 1 26 

F3: Wholesaler's 

store  
0 0 1 0 1 

G1: Offices Large 7 14 42 15 78 

G1: Offices Stand-

alone  
0 0 1 0 1 

H1: Hotel Occu-

pancy 
1 0 3 4 8 

Grand Total 40 23 66 23 152 

 

5.4 Digital penetration scoring ς Germany 

Green Building Council of Germany has 450 certified build-

ings. G1: Offices large multi -story office buildings classifica-

tion is the largest category of platinum certified/mature pen-

etration scoring. Similar to the other markets, this cate gory 

comprises of corporates with financial means to support 

digitalisation.  

 

 

 

 

 

 

 

 

 

 

Building clas-

sification  

  

Certified / 

Some digi-

tal pene-

tration  

Silver / Av-

erage digi-

tal pene-

tration  

Gold / 

Above 

aver-

age 

digital 

pene-

tration  

Plati-

num / 

Ad-

vanced 

digital 

pene-

tration  

Grand 

Total  

  

A1: Entertain-

ment and pub-

lic assembly  

1306 1185 909 123 3525 

A2: Theatrical 

and indoor 

sport  

43 85 76 11 215 

A3: Places of 

instruction  
917 2605 3022 481 7026 

E2: Hospital 

Occupancy 
328 553 409 41 1331 

F1: Large shop 

Occupancy 
1810 1235 730 72 3847 

F2: Small shop 

Occupancy 
18 12 10 0 40 

F3: Wholesal-

er's store  
434 488 274 27 1223 

G1: Offices 

Large multi -

story  

2880 5227 6710 1203 16020 

G1: Offices 

Stand-alone  
213 306 394 65 978 

H1: Hotel Oc-

cupancy  
254 557 399 39 1249 

Grand Total  8203 12253 12933 2062 35454 

 






























