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Abstract

Climate change is amongst the priority and most challenging issues for
developing economies like Pakistan. The current study focuses on calculating
and estimating carbon footprint of a beverage bottling unit as well as monitoring
of major greenhouse gases while unfolding the industrial unit’s contribution
in greenhouse gas emissions as a preliminary part to combat the climate
change. The methodological approach was based on GHG Protocol guidelines
and IPCC guidelines. March 2015 to March 2016 was selected as the base
year for calculations. The total carbon footprint of the industry came out to
be 29880.26177 tCO,e. The highest emissions of CO, were indirect sources
as calculated per GHG Protocol and IPCC guidelines. This study will enable
industries to calculate their own carbon foot print thus providing the government
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a course of action to combat climate change.

Introduction

The term carbon footprint was not familiar few
years back but now it is being widely used by the
governments and business world. Carbon footprint
is a term that can lead to reduced carbon emissions
by altering the activities or processes or products
to those which are environment friendly in order to
decrease the global climate change’.

Climate change has now become a major concern
leading to serious issues such as increase in earth’s
temperature, increased flood and drought risk,
changes in sea level and increased health impacts
including skin diseases and vector borne diseases
etc. The problem can be solved by controlling the
activities resulting in greenhouse gas emissions?.

Greenhouse gases comprise of different gases
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among which the most important one is Carbon
dioxide produced from different human activities'.

Carbon Footprint

“A ‘carbon footprint’ is a measure of the greenhouse
gas emissions associated with an activity, group
of activities or a product”. According to Carbon
Trust (2007) “Carbon footprint is a methodology to
estimate the total emissions of greenhouse gases
(GHG) (in carbon equivalents) from a product across
its life cycle from the production of raw material used
in its manufacture, to the disposal of the finished
product (excluding in-use emissions)”®. According
to Grub & Ellis (2007), “A carbon footprint is a
measure of the amount of carbon dioxide emitted
through the combustion of fossil fuels. In the case
of a business organization, it is the amount of CO,
emitted either directly or indirectly as a result of its
everyday operations. It also might reflect the fossil
energy represented in a product or commodity
reaching market™.

The best suited definition of Carbon footprint is
given by Wright et al in 2011: “A measure of the
total amount of carbon dioxide (CO,) and methane
(CH,) emissions of a defined population, system or
activity, considering all relevant sources, sinks and
storage within the spatial and temporal boundary
of the population, system or activity of interest.
Calculated as carbon dioxide equivalents (CO,e)
using the relevant 100 year global warming potential
(GWP100)™.

Importance of Calculating Carbon Footprint
The first step for abatement of GHG’s is to know
how much a person or organization contributes to
the emissions and global warming i.e. calculation of
carbon footprint. Nations, industries, organizations,
businesses and individuals can reduce their
emissions once they know how much they are
contributing towards global warming. Carbon
footprint calculations will not only increase savings
but also reduce climate change impact. Carbon
footprint calculation is a step towards making
quantifiable emissions reductions®. Carbon footprint
studies have previously been conducted in Textile*
and Paint® sector in Pakistan.

Carbon footprint aids in making climate change
policies, determining the sectors or activities
responsible for GHG emissions. Carbon footprint
is getting more interest because of growing public
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awareness about global warming. Due to growing
public awareness, the global community now
recognizes the need to reduce GHG emissions®.
The foundation of Intergovernmental Panel on
Climate Change (IPCC) in 1988 was laid on the
need of minimizing activities contributing towards
climate change’. The establishment of United
Nations Framework Convention on Climate Change
(UNFCCC) was also based on the purpose of
controlling GHG emissions. Kyoto Protocol is an
international agreement that has introduced specific
targets to be achieved by the countries for reduced
carbon emissions®.

Six greenhouse gases were identified in the Kyoto
Protocol: Carbon dioxide, Methane, Nitrous oxide,
Sulphur Hexafluoride, Perfluorocarbons and
Hydrofluorocarbons. Among these carbon dioxide
is the most important. The global warming potential
(GWP) of each greenhouse gas can be expressed
in carbon dioxide equivalents. Small emissions can
have larger impact if the gas has high global warming
potential®.

On 11th January 2005, Pakistan became a party
to the Kyoto Protocol and it came into force
the same day’. Pakistan has 135th position in
contributing GHG emissions’. This worldwide
position makes easier to understand Pakistan’s
greenhouse emission contribution which is not a
major contribution. Pakistan only contributes 0.8%
of the total worldwide emissions'®. The total GHG
emissions by Pakistan were calculated to be three
hundred and nine million tons of Carbon dioxide
equivalents in 2008, consisting of about 54% Carbon
dioxide, 36% Methane, 9% Nitrous Oxide and 1%
of other gases™®.

Study Area

The study area is a Beverage Bottling Plant located
23 Km Raiwind Road Lahore that is selected for the
estimation and calculation of the carbon footprint. It
is well known for its carbonated drinks and juices.
The beverage bottling plant uses glass bottles and
PET bottles. Glass bottles from different sources are
brought to the industry and are palletized in a store
room. At the time of usage, the pallets containing
bottles are de-palletized, de-cased mechanically,
washed appropriately and inspected. Similarly, the
pre-form of PET bottles made through resins are
transferred to hopper by crane and are sent to dryer
through suction. In the dryer, resins melt and move
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to a barrel where they are molded. Chilled water is
used at the molding stage and bottles then move to
Bromax where they are again molded depending
on the required size and washed thoroughly. When
the glass and PET bottles are ready they are filled
with the syrup and are carbonated. The bottles
are then sealed and moved for data coding with
manufacturing and expiry dates.

The Plant is committed to environmental compliance
and to work with quality. They have taken steps
to improve its activities and processes to be
environmental friendly. The Plant is ISO certified
and has considered calculating its carbon footprint
to know its contribution towards greenhouse gas
emissions and to make efforts in offsetting these
emissions.

Materials and Methods

Carbon footprint methodologies range from simple
online calculators to complex life-cycle analysis. BP
calculators and BSkyB household calculators are
automated web-based calculators that are made
only to measure carbon dioxide emissions. GHG
protocol and IPCC guidelines have been taken into
account for this research''. A layout of the complete
methodology is given in Fig.1.
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Goal Identification

A beverage industrial unit has been chosen for this
study, in order to monitor carbon emissions and to
successfully achieve an accurate carbon footprint by
the help of activity data collected through checklist.

Selection of a Base Year
The base year selected was March 2015-March
2016.

Scope of analysis

According to GHG Protocol 11 the boundaries of
the study area were aligned with respect to these
three scopes:

J Scope 1: Direct GHG emissions
J Scope 2: Indirect GHG emissions
J Scope 3: Miscellaneous GHG emissions

Data Collection

Primary and secondary data was collected according
to the work plan that includes checklist preparation,
industrial visits and secondary sources i.e. GHG
Protocol guidelines and IPCC guidelines respectively.
Data calculation is based on the emissions from
industry. CO,, N,O and CH, have been taken into
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Fig. 1: Methodology of Research work
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account whereas other gases are in exclusion from
calculations because the industry is having no such
emissions.

Carbon Footprint Calculation

For accurate calculation of carbon footprint, the
data gathered in the earlier steps was used. Carbon
footprint’s results are expressed in terms of carbon
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dioxide equivalents CO,e for which it was necessary
to convert GHGs into CO,e figure 12.

IPCC guidelines were consulted for a formula to
calculate the carbon footprint. These guidelines
provide a common approach for calculating carbon
footprints as shown in Fig. 2.

Emission Factor CO3 —||. KG €O, ___» | CO;Tone
1000 \
Activity Data X Emission Factor CHa KGCO: | I
1000 CO2Tone —_—> tCO2e
Emission Factor KG CO:
Nitrous Oxide — 1000 |, | CO:2Tone

Fig. 2: Carbon Footprint Calculations (Author)

For the calculation of carbon foot print, the method

adopted was 4:

. Multiplication of emission factor with the
activity data, the data was converted into
greenhouse gas emission.

. In order to get calculations in the form of CO,e
emissions, the individual figures of GHG
emissions were multiplied by the relevant
global warming potential (GWP) factor.

Results and Discussion

Scope 1 Emissions

According to GHG Protocol, emissions that occur
directly from industry from sources which are
owned or controlled by the industry that include
combustion in the Industry owned or controlled
vehicles, furnaces, generators, boilers etc. The direct
emissions were classified into stationary and mobile
combustion sources.

Generators and boilers are the stationary sources
that were used for electricity production. The
industry owns 9 generators and 2 boilers to fulfill
facility’s energy requirements. Diesel is the only
fuel being used by the industry for the stationary
sources of combustion for an amount of 3250709
liters which forms the activity data. The fuel amount
used in generators and boilers is not much as the
industry mainly uses direct electricity from WAPDA.
The emission factor for diesel is however low as
compared to emission factors of other fuels thus it

is an environmentally favorable fuel.

The emissions resulting from mobile combustion
sources also lie under this scope and these are
emitted by the industry owned vehicles. According to
the data provided, the industry owns 155 trucks and
34 fork lifters. The trucks are used for transportation
of products within and outside the city. Fork lifters are
used within the industry boundary to carry wooden
crates, plastic crates and other materials like plastic
wrappings.

Table 1 shows two types of fuels being consumed
by the vehicles and their quantity. The fuels used
are diesel and LPG. Diesel is being used in the
trucks while Fork lifters are low weight vehicles and
LPG is being used in them. The amount of diesel
used from March 2015 to March 2016 is 339,995
liters and that of LPG is 778358.9073 liters. Diesel
consumption in trucks varies over the months owing
to the usage of trucks. The quantity of diesel being
consumed represents the growth and demand of
industry through transportation activities.

Table 1 represent the estimation a total of scope 1,
scope 2 and scope 3 emissions i.e. from stationary
and mobile sources of combustion along with the
emission factors for CO,, CH, and N,O.The emission
factors for stationary and mobile sources were taken
in liquids as the activity data was in liters. Adding
up the tonnes of CO, for both stationary and mobile
sources gave tCO,e to be 11093.56842.
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Scope 2 Emissions

Scope 2 is the indirect emissions which result from
electricity and natural gas. The facility purchases
electricity from Water and Power Development
Authority (WAPDA). From March 2015 to March
2016 the purchased electricity by the industry is
38,148,719 KW/h and the natural gas consumption
is9111.31829 MMBTU. The electricity consumption
within the facility is higher as compared to natural
gas as the facility has 7 lines for beverage production
and all of them require great amount of energy
consumption whereas natural gas is only utilized
in the canteen areas. Electricity is used for the
beverage production and bottling units as well
as other activities involving heating, cooling
during the bottling and production processes.
Emissions resulting from scope 2 are represented in
Table 1. The emission factors for these were taken
from 2015 Default Factors. The electricity emissions
in tCO,e were calculated to be 15908.01582 and
tCO, e for natural gas was 483.4465485. Total scope
2 emissions were 16391.46237 tCO,e.
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Scope 3 Emissions

These emissions result from upstream and
downstream activities. This is an optional reporting
category which shows rest of the indirect emissions
i.e. emissions from waste disposal or business
travels.

The facility’s waste includes wood and sludge as
shown in Table 1. From March 2015 to March 2016,
1345.68 tons of wood waste was produced by the
facility and it was multiplied with the emission factor
for wood to calculate the emissions resulting from
wood waste. After multiplication the same formula
was applied for Kg to Tonne conversion. The wood
emissions came out to be 2357.553849 tCO,,.

The industry owns a waste water treatment plant
through which sludge generates. Most of the water
in industry is used for the beverage production
therefore less water is sent to the treatment plant
and less sludge is generated. The amount of sludge
generated from March 2015 to March 2016 was 7.93
tons and as the sludge generation is low therefore
the biogas release is also minor. The only source

Table 1: Total Carbon Foot Print Calculations of Beverage Bottling Plant for 2015-2016

Scope 1 Emissions

Combustion  Fuel  Activity Units Emission KG CO, CO, tonnes tCco,
Fuel Type Data Factor
CO, =
Stationary Fuel Diesel 3250709 Liters 2.6764 8700197.568 8700.197568
Sources CH, =
0.0003612 1174.156091 1.174156091° 8701.4421
N,O=
0.0000216 70.44936545 0.07044936545
Cco2
Diesel 339,995 Liters =2.68963 914460.7519 914.4607519
CH,
=0.00014  47.5993 0.0475993 914.53623
N,O
0.000082  27.87959 0.02787959
CO,
LPG 205620.67 Gallon =6.1 1254286.087 1254.286087
CH4
Mobile Fuel =0.000599 123.2490296 0.123249026 1477.5900
Sources N,O
=0.001085 223.1806752 0.2231806752

Total Scope 1 Emissions= 11093.56842 tCO,
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Scope 2 Emissions
Energy Combustion  Activity  Units Emission KG CO, CO, Tonnes tCO,
Type Data Factor
Electricity 38,148,719 KWH 0.417 15908015.82 15908.01582
16391.462
Natural Gas 9111.31829 MMB  53.06 483446.5485 483.4465485
TU
Total Scope 2 Emissions= 16391.46237 tCO,
Scope 3 Emissions-Miscellaneous Emissions
Type of Waste Activity Data Units Emission KG CO, CO, Tonnes tCO,
Factor
CO, 2351172.096 2351.172096 2357.5538
Wood 1345.68 Tonne =1747.2 6297.7824 6.2977824
CH,=4.68 83.970432 0.083970432
N,0=0.06
24
CO,=2751. 21822.0912 21.8220912 21.824129
Sludge 7.93 Tonne 84 1.99836 0.00199836
CH, 0.0399672 0.0000399672
=0.252
N,0=0.00
504
Total Wood & Sludge Emissions= 2379.377978 tCO,
Scope 3 Emissions- Employee Business Travel
Indirect No. of Origin Destination CoO,- Total CO, tCO.e
Emissions Return Emissions  (Kg CO,) emission
Employee Flights One
Business Return
Travel Flight
15 Lahore Karachi 163 2445 2.445
9 Lahore Islamabad 42 378 0.378
5 Lahore Multan 49 245 0.245
2 Lahore Peshawar 59 118 0.11
2 Lahore Rahim Yar 82 164 0.164
Khan
3 Lahore Turkey 439 1317 1.317
5 Lahore Afghanistan 76 380 0.38
3 Lahore Singapore 481 1443 1.443
2 Lahore USA 1306 2612 2.612
4 Lahore Canada 1189 4756 4.756
3 Lahore UK 665 1995 1.995
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Total Flight Emissions= 15.853 tCO,
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GHG Inventory- tCO, Emissions By Source (March 2015 - March 2016)

Scope 1 Scope 2 Scope 3

Direct Emissions Indirect Emissions Miscellaneous Emissions

(tCO,e) (tCO,e) (tCO,e)

Diesel LPG Electricity Natural Wood Waste Water Business
Gas Waste Treatment Travels

Sludge
9615.978404 1477. 15908. 483.44 2357.55 21.8241 15.853
59001 01582 65485 3849 2958
tCO.e (Scopel) tCO.e (Scope2) tCO.e (Scope3)
11093.56842 16391.46237 2395.230978

Yearly Total Carbon Footprint (Scope1+ Scope2+ Scope3) = 29880.26177 tCO2e

of biogas in the facility is the waste water treatment
plant that was revealed by the data collected through
checklist.

The CO, emissions for air travel scope is optional
to report and is calculated by considering various
factors including number of return flights, number
of passengers, origin and destination.

The emissions for each relevant flight from 2015-
2016 were calculated by the help of online carbon
emission calculator. Carbon emissions in Kg CO,
were obtained by the online calculator which is based
on the UK DEFRA specifications for domestic, short
haul and long haul international flights* 3.
Emission values in Kg CO,e for one return flight
were obtained by using the online carbon emission
calculator'®. These emissions were then multiplied
with the total number of return flights concerning the
origin and destination. The emission values of one
return flight multiplied with total number of flights to
a country gave total carbon emission values for that
country. Same procedure was done for flights to all
other countries and CO, Kg values were obtained.
The obtained emissions were then divided by 1000
for conversion to tCO,e. The total emissions from air
travel came out to be 15.853 tCO,e. Table 1 shows
the carbon emissions from business travels.

Total Carbon Footprint Calculations

Table 1 represents the total carbon dioxide emissions
resulting from all the scopes including scope 1,
scope 2 and scope 3. The total carbon footprint of
each scope is added to give the carbon footprint of
the facility. Major emissions result from scope 2 i.e.
from electricity as the facility’s whole production is
dependent on the electricity therefore this scope is
responsible for most of the carbon emissions that
is from the indirect source. The yearly beverage
production of the facility is 100,000,000 million
liters and the yearly total carbon footprint of the
facility was calculated to be 29880.26177 tCO,e.
Total carbon emissions by source are mentioned in
the Table 1 which also shows electricity is the major
source contributing in greenhouse gases followed
by diesel, wood waste, LPG, natural gas and waste
water treated sludge.

. The yearly carbon footprint of the selected
beverage industry was estimated to be
29880.26177 tCO,e. Scope 2 emissions
are majorly responsible in the large carbon
footprint with contribution of 16391.46237
tCO,e due to the dependence of industry
majorly on electricity for beverage bottling
process. Scope 1 emissions come next with a
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contribution of 11093.56842 tCO,e to the total
carbon footprint. Miscellaneous emissions
contribute 2395.230978 tCO,,.

The respective beverage industrial unit can
reduce its carbon footprint by making efforts
in reducing its direct and indirect emission
sources by switching towards environment
friendly fuels and renewable energy resources
and calculating carbon footprint every year
and making efforts in reducing the footprint

16391.46237

20000

11093.56842
15000
10000

5000

each year. In spite of less consumption of
electricity or reduced use of fuels, switching
to renewable resources with low emission
factors is a wise option.

Recycled material usage can reduce the
waste and lower environmental burden. The
industrial unit can also re-design its PET
bottles and glass bottles such that they
become lighter in weight.

2395.230978

m Scope ]l emissions = Scope 2 emissions Miscallenous emissions

Figure 3: Scope wise CO, emissions
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