
 

  

 

ABSTRACT 
Alongside with the increasing demand for technology comes along the increase in the total carbon emissions in the world. And 
due to the advent of technology and major changes in the Information and Communications Technology (ICT), it has been found 
out from recent studies that this industry is contributing 2 to 2.5% of the overall greenhouse gas emissions. Equipment under the 
ICT industry already plays a major role as an enabling technology in aiding to decrease other industry sector‟s footprint, 
however raising its own emission. In this paper, the researchers aim to assess the carbon footprint contributed by the Department 
of Information and Communications Technology Luzon Cluster 3‟s data center including other office equipment situated in 
Kumintang Ibaba, Batangas City, Philippines. The data on DICT staff‟s common practices on utilizing ICT equipment were 
gathered through a survey whereas each of the equipment‟s power usage when in use, on standby and switched off were based 
on the equipment technical specifications. Duration of data collection for the actual operation of the ICT devices and equipment 
in the office started from July 11, 2017 until July 11, 2018. To analyze the total contribution of DICT in the carbon footprint 
computation, the following data were gathered: the equipment‟s „usage hours‟, „on stand-by hours‟ and „switched off hours. 
Power rating of the equipment was also gathered with reference to their respective specification sheets. All equipment under 
study is operated by electrical power and is also affected by outages therefore data on electrical outages within Kumintang Ibaba 
were gathered using Meralco as reference. As a result, ICT infrastructure has a total contribution of 20,201.84 kg of CO2 or 
89.90% while office equipment has a total of 2,270.18 kg of CO2 or 10.10% carbon emission.  
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electricity and production of equipment should be undergoing 
voluntary compliance and formal regulation that is amenable to 
the existing industry standards. ICT firms, on the other hand, 
must be directed towards taking measures that can recalibrate 
the production plants and manufacturing systems to make them 
more energy efficient and environmentally friendly. [4] 

This research focused on the computation of the carbon 
footprint contribution of the Department of Information and 
Communications Technology Luzon Cluster 3 and aims to 
accomplish the following objectives: 

1. Calculate the average carbon dioxide emission of DICT 
Luzon Cluster 3 for one year. 

2. Identify common practices of employees in using ICT 
equipment. 

3. Suggest measures to lessen carbon dioxide emission from 
DICT Luzon Cluster 3‟s daily operation. 

 

3. Materials and methods 
Carbon footprint is conceptualized using the ideas of 

ecological footprint. This is used to measure the amount of 
demand of humans in the ecosystem. According to Wiedmann et 
al., carbon footprint is an assessment of the overall carbon 
dioxide emissions made directly and indirectly and are caused 
by any activity or accumulated over the product‟s lifetime. [8] It 
is therefore known that carbon footprint is a measure of the 
carbon emissions. [9]  

One of the contributors in the increase of greenhouse gas in 
the atmosphere is due to the ICT industry. Though it may not be 
sharing that much compared to the other sectors (refer to Figure 
1) [16], it still has its own part to the global warming issue. It 
was estimated that less than 25% of emissions from the ICT 
industry is generated during its manufacture while the rest 
resulted from its use and disposal. Owing to its natural reliance 
on electricity, ICT emissions need grid factors and therefore by 

1. Introduction 
In the recent days, climate change has been observed to 

be inducing greater risks to different aspects of life: food 
security, public health, way of living, and etc [1] in every 
person‟s life. One main reason for such is the increasing 
level of carbon emission in the world also called the carbon 
footprint. This describes the measurement of the amount of 
greenhouse gas emission from different sectors of the world 
that releases carbon as a by-product [2]. Though at a wider 
scale, the ICT sector plays critical roles in enhancing the 
global economic growth and aids in fighting the adverse 
effects of climate change [3], it has been charged to be 
generating an amount of 2% to 2.5% of total greenhouse 
gas (GHG) [4-5, 17]. 

Seeing how our reliance on the ICT devices and its 
services starting to increase at a rapid pace, the energy 
needed to manufacture them and so is the electricity to 
power these devices increases along with it. This, however, 
is one of the significant sources of the fast accumulation of 
the amount of carbon dioxide stored in the atmosphere, a 
leading greenhouse gas, as well as other global warming 
pollutants. [6] 

There is a rough estimate that by the year 2020, the 
ICT Industry‟s contribution to climate change would 
increase and worsen. But rather than looking at its negative 
side, there is still an overriding positive effect from ICT 
industry since it can create innovations which aids in 
restructuring the economy and society, thus, is expected to 
reduce the overall global carbon emission. ICT 
applications, according to Global e-Sustainability Initiative 
(GeSI), by the year 2030 could possible help reduce the 
global carbon emissions by 20% which is considerably 
higher than its own contribution to carbon output [7]. 

To create greener and more energy-efficient plants, the 
use of renewable energies in such areas like generation of 
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geographical location. One great sample for this is the 
Sweden grid electricity which is dominated by hydroelectric 
and nuclear power. These energy sources have low carbon 
intensity, and so ICT there would tend have a relatively small 
carbon footprint. In contrast to that, UK grid electricity has 
high carbon intensity due to its predominance of coal and gas. 
This, in turn, means that ICT will have a larger footprint. [3] 

The responsibility of the ICT industry makes it efficient 
when facilitating the greening of other sectors. Even though 
there are other sectors which have higher carbon emissions, 
ICT industries must take note of their own emissions, as well. 
It is true that the ICT industry is not as disruptive as the other 
industries, but still it has to attend to its own greening ways to 
redress the increasing carbon footprints caused from high-
energy call centers, data centers that run on „cloud 
computing‟, high-speed servers, communication and 
telecommunication platforms and networks, cooling devices 
and equipment such as air conditioning units, multiple PCs, 
modems and phones. [10] 

Below is the distribution of carbon emissions by sectors. 
[11] ICT industry belongs to the group of „Other Energy‟ 
which has a total of 10% emission factor, as combined with 
aviation, broadcasting and others, to name a few. 

Information and Communications Technology industry 
can be sub-divided into two categories of equipment such as: 
(a) electronic devices and (b) info-structural or infrastructural 
facilities. ICT in the form of electronic devices includes 
desktop computers, laptops, hand-held devices such as smart 
phones and tablets. Examples of info-structural or 
infrastructural facilities includes data centers including 
servers, switches and routers, power and cooling equipment, 
communication network, and back-up power sources. Printers 
and other necessary office equipment are also included in this 
research. 

Data centers are dedicated facilities that are used to 
accommodate ICT equipment such as servers (computers that 
offer services over a network) and data storage. [12] When 
talking about data centers, they are typically run continuously 
on a 24/7 basis and except for servers, the useful life of their 
equipment is over 10 years. So the contribution of the 
production energy of the equipment tends to be negligible 
compared to the annual energy consumption, and therefore its 
contribution to the annual lifecycle footprint can be safely 
ignored. Even for servers which tend to have a shorter useful 
life of 3-5 years, the production energy footprint of a typical 
data center server is estimated at about 328 kg. [13] But for 
the purpose of this study, the lifecycle, useful life and 
production energy are not taken into consideration as the data 
gathered occurred in a sampled date when the researcher took 
office in the department. Furthermore, the equipment used 
during the time of sampled date was already several years old 
and it would be hard to try to gather relevant data for those 
past years. 

2. Materials and methods 
To accomplish this report, the researcher needs to 

estimate the following quantities for each component: (a) the 
time in use, (b) time when on standby, (c) time when 
switched off. The power rating of the equipment used in this 
study „when turned on‟ was based on equipment‟s 
specification sheet, while their power rating when on standby 
and when switched off is rough estimates. The table below 
indicates the estimates for each ICT asset. Items number 1 
through 19 are grouped as ICT infrastructure and items 20 
through 31 are grouped as Electronic devices which as used 
inside the DICT Luzon Cluster 3‟s office. During this study, 
the „time in use‟ refers to the duration of equipment being 
turned on and utilized by the data center and DICT personnel. 
„Stand by‟ returns the values of each equipment when not 
doing a certain process but is powered on (situation include 
each equipment being turned on after power loss, rebooting) 
while the „switched off‟ refers to the situation where each 
equipment is not turned on but is still plugged in to the AC 
outlet, thus consuming small amount of power (Table 1). 

The formula below was used to come up with the 
computation of the actual carbon dioxide emission of the 
office: 

 
Where t is the time when the equipment is in use, on 

standby or when switched off, P is the power usage of the 
equipment when in use, on standby or when switched off and 
0.5246 is a constant value for carbon footprint computation. 
The whole equation is divided by 1000 to convert the total 
power into kiloWatt (kW). 

Furthermore, the data on power outage during the 
duration of the study are based on Meralco‟s electrical 
outages as posted and reported on their online social 
networking sites and webpage (Figure 2). The data gathered 
are then plotted on a table using the ICT Carbon Footprint 
Measuring Tool [14], each co-relating data being multiplied 
and added. Some constants used are based on the existing 
standard conversion factors available [15]. 

 
The formula below was used to come up with the 

computation of the actual carbon dioxide emission of the 
office: 

 
Where t is the time when the equipment is in use, on 

standby or when switched off, P is the power usage of the 

 

Figure 1. Global carbon dioxide emission by sector 
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Figure 2. Electrical power outage in Batangas City. 
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equipment when in use, on standby or when switched off and 
0.5246 is a constant value for carbon footprint computation. 
The whole equation is divided by 1000 to convert the total 
power into kiloWatt (kW). 

Furthermore, the data on power outage during the 
duration of the study are based on Meralco‟s electrical 
outages as posted and reported on their online social 
networking sites and webpage. The data gathered are then 
plotted on a table using the ICT Carbon Footprint Measuring 
Tool [14], each co-relating data being multiplied and added. 
Some constants used are based on the existing standard 
conversion factors available [15]. 

This power interruption during October 4, 2017 is vital 
for the operation of the uninterruptible power supply. Based 
on specifications, each of the UPS stored in the data center of 
the department can operate in 30 minutes maximum. 

Other than these details, a survey questionnaire has been 
provided to determine the common practices of each 
employee when handling their ICT equipment inside the 
office. And the result of the survey is reflected on the table 
below with 30 total number of respondents: 

 
Furthermore, the following are also observed on the 

actual operations of the office in terms of its utilization of 
ICT office equipment: 

1. UPS is not being used in most employees using 
desktop computers. 

2. Flat screen monitors are used instead of cathode ray 
tube displays. 

3.Printers used in the office are all multi-functional that 
can scan, copy, and print. 

 

3. Results and discussion 
The data collected were analyzed to calculate the data 

center and department‟s office‟s carbon emission. Basically, 
the study was carried out to analyze the emission made by 
ICT equipment and other office equipment carbon emission 
distribution. There are different factors that accounts to the 
ICT carbon emission but in this study, the factors include 
time of usage, time on standby and time during equipment is 
switched off. The electrical outages and its duration were also 
taken into consideration knowing that the department is using 
uninterruptible power supply as backup source during power 
outages. Aside from that, common practices of employees in 
using ICT equipment were also considered which primarily 
affects the usage of equipment inside the office. 

Among these practices, not shutting down or putting 
computers in sleep mode, not unplugging the chargers from 
outlets, not using UPS for desktop computers (no UPS is seen 
inside DICT Luzon Cluster 3‟s office), and not turning off 
printers after every use still produce carbon footprint. All of 
these practices‟ respective amount of carbon emissions were 
incorporated in the calculation made on table 1 however, the 
time used for each device during its „time in use‟, „on 
standby‟ and „switched off‟ were approximates.  

On the other hand, using flat screen monitors and multi-
functional printers and the idea of unplugging printers and 
laptops after every working hour helps in reducing the carbon 
emission. Flat screen monitors have lesser power rating 
compared to cathode ray tube monitors; same with the recent 
printing products present as compared to old-fashioned type 
of printer (dot matrix). 

Based on Table 3, summarizing the contribution of ICT 
infrastructure and electronic devices, the values measured for 
its total power consumption, cost, and carbon emission (in kg 
and percentage) have a huge difference. ICT infrastructures 
consume a considerable amount of power. Since all the 
equipment installed in the ICT infrastructure or data center 
must be turned 24/7 basis, it has been computed to be giving 
off 89.90% of the overall carbon emission for the whole 
department while the electronic devices contribute a total of 
10.10% of the carbon emission. 

Though ICT infrastructure equipment used in the data 
center is lesser than the office equipment, it still has a high 
gap of percentage of carbon emission. Based on table 1, the 
emission of the equipment rises as the time of usage increase. 
The fact that data centers must be open and accessible 24/7, 
one factor affecting this gap is highly dependent on power 
supply and back up sources. 

Based on the study conducted by Malmodin and Lunden 
[18], the largest portion of the carbon footprint emitted from 
the ICT sector in the year 2015 is related to user devices and 
the actual utilization stage. Furthermore, the calculations 
made on the study emphasized that the energy consumption 
related to offices for the ICT which operates the data centers 
were also included in the footprints. 

With the rise of technology in the world, the increase in 
the number of devices and thereby in subscriptions remains 
the main reason in the rise of the share of the ICT in the 
carbon emission count which is also reflected on another 
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Table 2. Common practices of DICT employees in the 
office. 

Activities/Practices of 
Employees 

Frequency Percentage 
(%) 

1. Computers/laptops are not 

turned off during break time 

and lunch break 

21 70.00 

2. “Hibernate” and “Sleep” 

option for computers/laptops 

are not utilized. 

19 63.33 

3. Unplugs laptop devices 

after shutting down (for 

laptop users, out of 13 

units). 

9 69.23 

4. Unplugs desktop 

computers after shutting 

down (for PC users, out of 

17 units). 

5 29.41 

5. Does not unplug laptop 

devices even when the unit 

is fully charged (for laptop 

users, out of 13 units). 

10 76.92 

6. Turns on printers before 

work schedule and turns off 

after work schedule 

22 73.33 

7. Unplugs printers from 

outlets after shutting down 

(after end of work schedule) 

22 73.33 

Table 3. Power consumption, cost, and total emission breakdown per item. 

Item Consumption kWh Total Cost (PhP) Total Emission (kg) Annual Average 

ICT 
Infrastructure 

38,509.04 397,413.30 20,201.84 1,683.49 

Electronic 
Devices 

4,327.45 44,659.27 2,270.18 189.18 
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study conducted by J. Malmodin, et.al. [19]. It further 
suggested that improvements in the energy efficiency of 
network equipment that are being run 24/7 must be 
considered. There must also have a better power management 
and lower stand-by power consumption of user equipment. 
Data centers, being one of the highest contributors of 
emissions within the ICT sector may be virtualized coupled 
more efficient servers and supporting infrastructures. 

On this study, the researcher has made several 
estimations especially in computing the power rating of 
equipment, both from ICT infrastructure and electronics 
devices during stand-by and switched off. For the accuracy of 
measurement, the researcher recommends the use of a 
specialized tool that can measure such details. 

Consider also computing the production footprint of each 
equipment including their total carbon emission during its 
whole life cycle. In this way, it will be accurate to say 
whether the equipment is producing too high or just enough 
carbon footprints. 

When it comes to the equipment used inside the data 
center, contractors and the DICT itself has to come up with an 
agreement with the use of more energy efficient routers, 
switches and UPS since some of these items consume really 
high power.  The researcher also recommends inspecting the 
status of the cooling equipment installed in the data center. 
Layout of the building and locations of the cooling equipment 
must help avoid the mixing of hot and cold air to avoid 
moisture thus affecting the functions of items. 

Meanwhile, the researcher also recommends the 
following solutions to combat the emission coming from 
electronic devices: 
1. Create environmental standards in operating electronic 

devices in the office which can help reduce the 
irresponsible emission of carbon. 

2. Replace old-fashion printers (like the dot matrix) to the 
recent models of printers as they are more energy 
efficient 

3. Set a certain power management rule for computers and 
laptops that can automatically put the units in low power 
mode after a period of inactivity 

4. If possible, replace the desktop computers and cathode 
ray tube monitors into laptop computers and flat screen 
monitors, respectively, as they are more energy efficient 

5. Use multi-functional devices like printers which are more 
efficient than using different devices 

 
4. Conclusions 

The analysis of the data gathered shows that ICT 
technologies, equipment, facilities, and devices do contribute 
to the increasing amount of carbon dioxide in the world. 
Usage length and power consumption are the main 
contributing factors that made computing the total carbon 
emission easier. DICT Luzon Cluster 3 has an ICT carbon 
dioxide emission of 22,472.02 kg of CO2e emitted for the 
whole duration of the study, which is 1,872.67kg of CO2e on 
the average for a year. 

Arising from the survey conducted to employees is the 
problem about having no environmental policy within the 
office.  One proof is the continual use of the old versions of 
printers such as the dot matrix, which also comes in different 
models (see table 1). The issues of leaving their laptops/
desktop computers turned on even during break time and 
lunch time also emits certain levels of carbon. Looking at the 
ratings of old-fashioned printers, most models consume the 
most power and therefore, higher carbon emission. To reduce 
such high amounts of carbon emissions, consolidating the 
devices in the data center and office area can optimize the 
department‟s operations.  

Other than that, it is also beneficial to know that ICT 
footprint is increasing at an alarming rate especially the 
emissions coming from the data centers which are operating 

at a 24/7 rate. Also, the increase in temperature in the world‟s 
environment has already caused severe effects to humans. 
Having such alarming increase in the emission of the ICT 
sector would further furnish detrimental consequence. 
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