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Abstract— This research aims to assess and evaluate the impact on 
sustainability in buildings through implementation of ICT Smart 
Systems. The setting for this research will be for a large global 
organisation’s headquarters in Germany. The list of objectives are: to 
audit the ICT infrastructure used and to survey the existing smart 
systems implemented; to investigate the total energy expenditure and 
carbon footprint for ICT equipment during a yearly period; and to 
explore how to best transfer best green ICT practices to other buildings. 
Based on the findings in this paper, investing in energy-saving ICT 
equipment, or even a BMS, can be very cost beneficial to a company 
and reduce the carbon footprint of commercial buildings when 
implemented correctly.  
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I. INTRODUCTION  

   According to the Intergovernmental Panel on Climate Change, the 
world’s buildings account for 32% of global final energy use (Chalmers, 
2014) and nearly a third of global GHG emissions (Mardiana and Riffat, 
2015). This number is expected to further increase as standards of living 
increase around the globe. (PBL NEAA, 2016).  

   A remarkably large part of this energy expenditure comes from 
Heating, Ventilation and Air-Conditioning (HVAC) systems, a 
staggering 60% of total consumption (Mardiana and Riffat, 2011).  
Lighting accounts for roughly 11 to 20% of total building energy 
demand. The remainder is divided amongst a host of electrical 
appliances, such as phones, computers and other ICT equipment (EIA, 
2017).  

   Considering these facts, it is crucial to explore developments within 
this sector to reduce the carbon footprint and energy usage. This study 
will focus on opportunities within the ‘Smart Building’ sector as there are 
many opportunities to be found here, particularly involving the usage of 
ICT.  

   The aim of this research is to assess and analyse the impact on 
sustainability for ICT smart systems in buildings within a commercial 
setting for a large, global industrial manufacturing organisation’s 
headquarters in Germany that has such systems implemented already. A 
set of objectives will support this aim, these are: (i) to audit the current 
ICT Infrastructure used by the organisation in their building; (ii) to 
investigate the total energy usage from the ICT Infrastructure; (iii) to 
survey the existing smart system implementation and how it helps 
reduce the carbon footprint of ICT; (iv) to explore how to transfer best 
green ICT practices to other companies.  

 

 
1 http://www.oecd.org/site/stitff/45983022.pdf  

II. LITERATURE SURVEY 

   GHG emissions are growing rapidly as a result of the ICT sector, due 
to the more and more network connected devices being available 
everywhere, as well the increasing demand for web services. In a BAU 
scenario, these GHG emissions are expected to triple between 2007 and 
2020. However, the ICT sector also contributes to reductions in GHG 
emissions and energy savings through innovative smart technologies. 
This is known as the ‘enabling effect’ of ICT (GeSi, 2010).  

   ICT is viewed as a crucial part of transitioning to a more sustainable 
future. While the premise of using ICT smart systems to reduce the 
carbon footprint sounds very positive, the reality of the situation is that 
ICT has both significant positive and negative impacts on the 
environment as laid out in a study by the Organisation for Economic 

Cooperation and Development (OECD)1 (see table 1).  

Table 1: ICT impacts on the Environment (Berkhout & Hertin, 
2001)  

 

   Some of these impacts are more pronounced than others, but a big 
contributor to global emissions is the short product life-cycle sees in 
most ICT devices. The link between ICT and the broader sustainability 
goal is tenuous and not always well understood (ibid). A real issue here 
is “incomplete substitution” of ICT, whereby ICT equipment adds to 
the overall problem rather than lessening it. OECD identifies this as a 
very significant issue. The Global e-Sustainability Initiative (GeSI) 
however, remains positive about the potential of ICT technologies. 
Through measurement of what is known as the ‘mitigation potential’ 
which is used to measure the avoided or reduced GHG emission of ICT, 
it is believed that the increased use of ICT technologies, such as those 
in smart building management, will cut overall emissions by 16.5% by 
2020 (GeSI, 2008).  

   The concept of ‘smart buildings’ have been around for at least two 
decades. As the development of technology have progressed, so to have 
the definition and implementation of the concept of smart buildings. So 
what is a ‘Smart building’? Arkin and Paciuk (1997) suggests that the 
‘smartness’ of a building is not just the technologies utilised within the 
building (e.g. HVAC or lighting), but that it is also measured by how 
well these systems are integrated together. Kroner (1997) suggest that 

mailto:A.Roseschmidtandresen9742@student.leedsbeckett.ac.uk
mailto:A.Kor%7d@leedsbeckett.ac.uk
http://www.oecd.org/site/stitff/45983022.pdf
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smart buildings are simply electronically enhanced buildings. According 
to a study laid out by CRC Construction Innovation, there are four 
primary elements that integrate in a smart building: ICT sensors, 
integrated information management system and performance models, 
actuators and a backbone or nervous system, which essentially 
connections the former elements together (CRC Construction 
Innovation, 2003). 

   The impact from buildings is very significant. A survey conducted in 
2012 by the U.S. Energy Information Administration on Commercial 
Buildings Energy Consumption shows how HVAC and lighting alone 
accounts for roughly 78% of a commercial buildings energy usage2 (see 
figure 1).  

Figure 1: Distribution of energy use in commercial buildings (U.S. 
Energy Information Administration, 2016) 

 

   In another report: Climate Change: Implications for Buildings, it has 
been underlined that there may be a potential for up to 50-90% energy 
savings in both new and existing buildings, providing it is done right.3 
One of the key issues with a ‘building-as-usual’ strategy include is the 
rise of the global population, and with it, higher demand for energy and 
higher temperatures as a result of global warming which increases 
energy demand principally for HVAC systems. (EIA, 2017) The primary 
mitigation strategies comprise of: Energy efficient technology, such as 
building envelopes, energy-efficient appliances and improved 
automation that can respond to changing conditions; Service demand 
reduction via personal and behavioural changes, which can be 
moderated through carbon pricing, carbon trading, property CO2 taxing 
and absolute consumption limits for a building; System and 
infrastructure efficiency, which includes retrofitting older buildings and 
building new buildings with very low energy usage, passive building 
designs that can alleviate the need for HVAC systems entirely and 
prioritisation of energy performance and use-factions through building 
design (Buckman et al, 2014), construction and commissioning; Carbon 
efficiency, or shifting fuel and energy supply infrastructure to buildings 
and evolution of the energy provision for those that lack access to 
modern energy carriers and equipment (estimated 2 billion 

people)(Chalmers, 2014).  

   As laid out in a report by the European Commission, it is crucial to 
reduce energy consumption in buildings when taking into account the 
targets set for 2020 by the European Council in 2007 in their SET Plan 
(European Strategic Energy Technology Plan). To achieve this, the one 
of the most important aims is the mobilisation of ICT to accelerate 
towards a sustainable and low-carbon economy, and increasing energy 
efficiency through ICT (European Commission, 2009). Going further, 
the European Commission has laid out a number of fundamental pillars 
when it comes to development of smart buildings (see Figure 2).  

Figure 2: Technologies for smart buildings (ibid) 

 
2 https://www.eia.gov/consumption/commercial/reports/2012/energyusage/ 
3 https://www.cisl.cam.ac.uk/business-action/low-carbon-transformation/ipcc-climate-

science-business-

 

   There seems to be disagreement as to what sustainable and energy-
efficient buildings are and little utilization of ICT-based informed 
decision-making in the process and use of sustainable and energy-
efficient facilities. Some other problem areas that seem to exist 
surrounding smart buildings are the many standards regulations for such 
buildings, some of which are in conflict with others, the lack of 
standardization of environmental systems and their configurations and 
need for occupancy feedback to interact with behaviour modifications 
in smart systems (ibid). Beyond this, there are several other barriers, 
such as lack of incentives for developments in smart building 
technologies, the buildings sector being slow to adapt new technology; 
a whole 15 year cycle for commercial buildings on average (ibid), and 
lack of skilled technicians and operators to handle BMS (Ma et al., 2016). 
Possibly the most significant problem seems to be the confusion 
surrounding the enormous quantity of different unknown and often 
competing vendors that offer different kinds of equipment, 
components and other systems for smart buildings, most of which often 
do not work together. With this is mind, many organisations are delaying 
investments in ICT smart systems for their buildings (Weinschenk, 
2017). It is crucial that organisations take time to assess the impact of 
ICT initiatives in buildings as a greater understanding of the benefits 

these offer will accelerate their normalization and adoption. 

III. METHODOLOGY 

   There are many different methodologies aiming to assess the balance 
between direct emissions and enabling effects of ICT. While no one true 
methodology exists that supports every case scenario, an appropriate 
methodology is one that is practical, user-friendly and enables the 
freedom of adapting the method of the methodology to the objectives 
of the organisation or organisation, while still yielding robust results 
(Öko-Institut et al, 2013). As this research is aimed towards an 
organisation which is situated in a smart building with an extensive ICT 
network for energy efficiency, the following methodology has been 
chosen due to its adaptability and flexibility of use. 

A. Life Cycle Assessment (LCA) 
   LCA is an approach to evaluating environmental impact that has been 
around since the 1980s. It is a methodology used to identify and evaluate 
environmental impacts, especially in relation to a product or material’s 
life cycle. It is considered to be a valuable resource to provide insight 
and analysis of a product’s energy, waste, emissions etc. from a life-cycle 
perspective, and can provide further examination of any associated 
issues that might have an effect on the environment (ETSI, 2011). The 
methodology focuses on analysing and interpreting energy and/or 
physical requirements for the production and use of a product and any 
associated waste that may be released into the environment as an effect 
of the production or use of such a product. 
For this research, the ISO 14040 LCA is being adopted. LCA has four 
basic stages, these are: Goal and scope definition, inventory analysis, 
impact assessment and interpretation (ATIS Exploratory Group on 
Green, 2010) (see figure 3).  
 
 

briefings/pdfs/briefings/IPCC_AR5__Implications_for_Buildings__Briefing__WEB_EN
.pdf  

https://www.eia.gov/consumption/commercial/reports/2012/energyusage/
https://www.cisl.cam.ac.uk/business-action/low-carbon-transformation/ipcc-climate-science-business-briefings/pdfs/briefings/IPCC_AR5__Implications_for_Buildings__Briefing__WEB_EN.pdf
https://www.cisl.cam.ac.uk/business-action/low-carbon-transformation/ipcc-climate-science-business-briefings/pdfs/briefings/IPCC_AR5__Implications_for_Buildings__Briefing__WEB_EN.pdf
https://www.cisl.cam.ac.uk/business-action/low-carbon-transformation/ipcc-climate-science-business-briefings/pdfs/briefings/IPCC_AR5__Implications_for_Buildings__Briefing__WEB_EN.pdf
https://www.cisl.cam.ac.uk/business-action/low-carbon-transformation/ipcc-climate-science-business-briefings/pdfs/briefings/IPCC_AR5__Implications_for_Buildings__Briefing__WEB_EN.pdf
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Figure 3: The Methodological Framework for LCA (Lehtinen et al, 
2011) 

 
   The case study is a global organisation based in Germany. For the 
purpose of this research, we will be focusing on their headquarters, 
which is a Leadership in Energy & Environmental Design (LEED) 
Platinum certified building.4 
For the purposes of this particular research, the four stages of LCA will 
be interpreted as such: 

1. Goal and Scope Definition: Evaluate the environmental impact 
of the reported ICT equipment used in the organisation’s 
headquarters. 

2. Inventory Analysis: Provide an overview of the reported ICT 
inventory, including any ICT equipment that contribute to 
lower energy usage and by effect lower emissions. 

3. Impact Assessment: Assess the current carbon footprint of the 
ICT equipment in the building using SusteIT tool5. 

4. Interpretation: Reporting the results, and making 
recommendations how to apply best green ICT practices to 
other organisations. 

   The baseline for this research will be data provided by the 
organisation. This will include a limited inventory list of ICT equipment 
in the building and an overview of the ICT smart systems that lower the 
energy expenditure of the building.  

IV. RESULTS & DISCUSSION 

A. Inventory Audit 

   The organisation has provided an inventory list of the ICT equipment 
used in the building as well the sensors and systems that control usage 
and output of energy. The office hours are 8-9 hours per day, 5-6 days 
a week with an average number of working months of about 11 months. 
So as to better estimate energy usage and carbon footprint, it will be 
assumed a working day is 9 hours, 6 days a week. This equates to 288 
days/year where the office is open. Outside of office hours, all ICT 
equipment is switched off by the BMS. Certain equipment, such as 
routers, sensors and other control modules are left active throughout 
the year, equating to 8760 hours/year. For company mobile phones, the 
power consumption has been averaged from that of charging a phone 
and the number of hours spent charging on average in a year.6 Based on 
the data gathered and provided by the organisation, SusteIT will be used 
to calculate the energy usage, CO2 emissions and energy cost of the ICT 
equipment.  

   The total kWh can be calculated into kWh/year by the formula, as is 
done in the SusteIT tool: 

𝐸(kWh) =  𝑃(W) ×
 𝑡(hr) 

1000
× 288 (days) 

 

 
4 http://leed.usgbc.org/leed.html  

5 http://www.susteit.org.uk/files/  
6 https://www.techadvisor.co.uk/how-to/gadget/how-much-does-it-cost-charge-phone-

tablet-or-laptop-3632210/  

 
Table 2: Inventory List 
 

 

   Table 2 shows the ICT inventory list calculated in SusteIT. This 
includes estimated power consumption of single unit, both active and 
in power-saving/standby mode. This has been divided into four 
categories with their calculated total power consumption: PCs & 
Monitors (280,956 kWh/year), Networking (10,240 kWh/year), Phones 
(16,390 kWh/year), Printers (97,544 kWh/year) and Sensors & Control 
(267,500 kWh/year). Furthermore, the organisation has a large 
photovoltaic system consisting of 800 solar panels covering more than 
13,900ft2 of the building’s roof. According to the client, this system 
provides roughly a third of the energy required to run the building, this 
has therefore been subtracted from the overall power usage and 
emissions of the ICT inventory.  
   Table 3 shows the data as it would be further inputted into SusteIT. 
To calculate the Energy Cost and CO2 emissions per year, a country 
electricity price and country emissions number is required. This data has 
been retrieved from Eurostat, the statistical office of the European 
Union and from the European Environment Agency respectively.78 As 
the office is based in Germany, all prices are displayed in Euro (€).  
 
Table 3: Overview of Energy Use and CO2 emissions for ICT 
equipment 

 
 
   Figure 4 shows the distribution of kWh/y in percentage for the 
inventory. This shows that the biggest source of energy usage is from 
PCs & Monitors (34%), closely followed by Sensors & Controls. 
Networking, Phones and Printers do no contribute a large part to the 
energy usage. At the same time, the photovoltaic array that generates 
energy does indeed generate about a third of the energy used, thus 
subtracting from the overall usage.  

7 http://ec.europa.eu/eurostat/statistics-explained/index.php/Electricity_price_statistics  

8 https://www.eea.europa.eu/data-and-maps/indicators/overview-of-the-electricity-

production-2/assessment  

http://leed.usgbc.org/leed.html
http://www.susteit.org.uk/files/
https://www.techadvisor.co.uk/how-to/gadget/how-much-does-it-cost-charge-phone-tablet-or-laptop-3632210/
https://www.techadvisor.co.uk/how-to/gadget/how-much-does-it-cost-charge-phone-tablet-or-laptop-3632210/
http://ec.europa.eu/eurostat/statistics-explained/index.php/Electricity_price_statistics
https://www.eea.europa.eu/data-and-maps/indicators/overview-of-the-electricity-production-2/assessment
https://www.eea.europa.eu/data-and-maps/indicators/overview-of-the-electricity-production-2/assessment
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Figure 4: Distribution of the Energy Usage for ICT equipment 

  

B. Building Management System - Desigo 
   The 30,000 sensors and control modules utilized in the building is 
connected to a Desigo9 system from Siemens which is an advanced BMS 
that links up all subsystems in the building (light, HVAC, energy, video 
management, fire protection and access). The sensors in the building 
continually analyses and adjusts the subsystems for the BMS to 
effectively reduce the energy usage of the building. To save energy, the 
company has heavily invested in ICT equipment that use as little power 
as possible, or equipment that has good power-saving modes to 
conserve energy when it is not being used.  
   RoomOptiControl, a part of the Desigo system, has been installed in 
every room of the building. These modules provide continuous 
feedback to users and will detect unnecessary energy consumption and 
alert users. At management level, the Desigo BMS is connected to 
Desigo CC; a management software platform. This allows personnel to 
continually monitor, respond to alarms and to make changes where 
needed, this software is used both on company smartphones as well as 
personal computers and is connected to the cloud, meaning operators 
do not have to be on site to monitor the BMS. 
   Through this advanced BMS implementation and the use of their 
photovoltaic array, the company’s headquarters use 90% less energy and 
have a 90% smaller carbon footprint compared to their old 
headquarters. 
 
Figure 5: DESIGO BMS overview 

 
 

 
9
http://www.buildingtechnologies.siemens.com/bt/global/en/buildingautomation-

hvac/building-automation/building-automation-and-control-system-europe-
desigo/pages/desigo.aspx  

V. CONCLUSION 

   ICT Smart Systems such as BMS can be very beneficial in reducing 
energy usage, costs and emissions when implemented correctly. 
Buildings currently account for 32% of global energy use and 19% of 
GHG emissions from energy, and energy use of buildings could double 
or even triple by 2050 as standards of living and commerce increases 
(Chalmers, 2014). Furthermore, many initiatives and policies are being 
put in place, such as the one the European Union in the Climate Action 
policy.10 It is clear that new strategies for ICT smart systems must be 
considered to accelerate the adoption and normalization of such 
systems on a global scale.  

   As the research has demonstrated, there are many benefits to a fully 
implemented BMS. Converging from field level into a centralized 
management system to constantly being able to monitor building 
metrics can be extremely cost effective. With these considerations in 
mind, why then is ICT smart systems not seen more commonly in 
buildings? 

   Most likely, this is due to the many obstacles to implementing ICT 
smart systems into buildings, such as lack of incentives for smart 
buildings and the need for new business models where there are plenty 
of money for well-developed existing projects (Fawkes, 2015). Another 
factor holding back the smart building revolution back seems to be a 
lack of advice and knowledge on the subject and the huge market full of 
equipment, systems, interfaces and components that often do not 
function together. A convergence of these systems is needed, for a 
simpler and cheaper overall solution. In turn companies should then be 
able to see more immediate benefits of introducing a ICT smart systems 

into a new or existing building.  

Recommendations 

• Switch to ICT equipment with power-saving functions, so when it 
is not being used, it will go to standby mode or similar. For portable 
equipment, not only will this conserve battery life, but tremendously 

decrease the overall energy usage as shown in table 2. 

• Switch off all non-essential equipment outside of office hours. Even 
with power-saving functions, the energy use for equipment is still 

significant for extended periods of time and can be costly. 

• Install energy-saving kits for power-outlets that can be programmed 
to turn off when not in use.  

• Invest in a BMS. Even a simple implementation could potentially 
be very cost-effective and help accelerate towards a more 
sustainable future. 

• Invest in and install in-house energy generation such as a 
photovoltaic array, which are currently at an all-time low cost 
(Wesoff, 2017). Combining this with an advanced, fully connected 
BMS could reduce energy use by up to 90% while reducing the 

carbon footprint. 

 

 

 

 

 

 

 

 

 

10 https://ec.europa.eu/clima/policies/strategies_en  

http://www.buildingtechnologies.siemens.com/bt/global/en/buildingautomation-hvac/building-automation/building-automation-and-control-system-europe-desigo/pages/desigo.aspx
http://www.buildingtechnologies.siemens.com/bt/global/en/buildingautomation-hvac/building-automation/building-automation-and-control-system-europe-desigo/pages/desigo.aspx
http://www.buildingtechnologies.siemens.com/bt/global/en/buildingautomation-hvac/building-automation/building-automation-and-control-system-europe-desigo/pages/desigo.aspx
https://ec.europa.eu/clima/policies/strategies_en
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