CHAPTER IV
RESULTS AND DISCUSSION

41 Organizational Boundary

In tills study, tile Petroleum and Petrochemical College (PPC) and Office of
the President, Chulalongkorn University (CU) were selected as a case study to
evaluate the carbon footprint of organization and retated GHG measures to mitigate
the impact were developed. All activities of the PPC were particularly focused in this
research since the College offers mainly teaching and researching activities, ..,
lecturing and laboratory study. While the office of the president was selected due to
the fact that the Office offers administration activities, e.g.. office for work and
meeting. The organization boundary of this study was set based on a control
approach. In addition, the emissions from Scope 1to 3 were discussed with
alternative solution to reduce the CO: as function of each buildings.

4.1.1 The Petroleum and Petrochemical College

The PPC has 8 floors, which is located on the same building of
Metallurgy and Materials Science Research Institute. The location of PPC’s building
is shown in Figure 4.1. The PPC academic program offers International Master's
Degree Programs divided into three majors; Petroleum Technology, Petrochemical
Technology and Polymer Science, and offers two degree program i.., master's and
doctoral. The PPC provides comprehensive educational and research opportunities in
science and engineering, the principal focusing areas include transport phenomena,
advanced chemical engineering calculations, advanced chemical engineering
thermodynamics, chemical reaction engineering, natural gas processing, advanced
fluid mechanics, petroleum refining technology, polymer synthesis, physical
chemistry of polymer, polymer physics and polymer processing. All course
instruction is in the English language jointly taught by professors from collaborating
institutions and College faculty. In addition, a number of visiting professors from
overseas and local industries are invited each year to teach elective courses.
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Figure 4.1 The Map presenting location of the PPC building.

The PPC built with a number of laboratories containing various
bench-scale experimental systems and analytical instrument for educational and
research purpose.

In 2014 the master's degrees student numbers were 179. 25 students
studing for doctoral degrees and 65 members working as faculty and staff members
(Table 4.1).

Table 41 The Petroleum and Petrochemica College' demographic in2011-2014

Sector 2011 2012 2013 2014
Faculty 20 20 23 23
Staff 42 2 42 42
Students 104 106 102 84
Master'degree 89 100 99 80
Doctoral degree 15 6 | 4

Total 166 168 167 149
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4.1.2 The Office of the President. Chulalongkorn University

Office of the President was selected as an administration function. It

has one building with 7 floars, located near the main cu- library holding as shown
in Figure 4.2.
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Figure 4.2 The Map presenting location of the Office of the President building.

The Office of the President consists of a variety of meeting rooms, with
various scales for meeting and serving members and visitors. Moreover, the building
has administrative offices supporting room for various administrative purposes. The
Faculty and staff numbers were 42 in 2011-2014 as shown in Table 4.2

Table 4.2 The Office of the President” demographic for 2011-2014

Sector 2011 2012 2013 2014
Staff 42 42 42 42
Total 42 42 42 42
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4.2 Qperational Boundary
4.2.1 The Operational Boundary ofthe PPC

The operational boundary of the PPC building was allocated to cover
all activities that generated GHGs. The boundary is illustrated in Figure 4.3. All
direct and indirect emissions from various activities are listed as shown in Figure 4.3
and were classified into throe scopes based on the greenhouse gas protocol,
15014069 and 14064 parts Land TGO guideline as shown in Table 4.3,

Raw material use
e Paper

v Water use
[ Electricity ] e Ink

The Petroleum and Petrochemical College
Activities

- Teaching (classes)

- Office working

- Research (laboratory)

- Meeting

Infrastructure Eaiidiiasias
- 3 classrooms
- 1 seminar room disposal

- 5 meeting rooms

- 6 office rooms

- 13 laboratories

- 1 library

- 15 restroom

Total area = 5,900 m’ for 8 floors

v

Transportation [ Wastewater ]
e Daily commute
e Research travel

Figure 4.3 System boundary of the PPC.
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Table 4.3 The PPC scope emission boundaries and source of data

Scope
description

Scope L
Direct
emissions

Scope 2
Energy
indirect
emissions
Scope 3:
Indirect
emissions

GHG Protocol’s
Standard
Boundaries (TGO,
2013)

» Consumption of
fuels from vehicles
fleet

» GHG’s from
Wastewater
operation

Purchased electricity

» Staff commuting

* Travel between the
internal organization
by owned vehicles

» Use of chemical to
Clean

» Use of tap water

» Use of office
equipment and
consumable material

» Waste disposal

Type of Data

Primary ata

Secondary gata

Primary data

Primary data
Primary data

Primary data

Primary ata

Primary data

Primary data

Source

The mileage used
record

Estimated from tap
water use

collected from the
cu Website

by questionnaire
and recorded from
the mileage

Collected from
Service company
Collected from the
Cu website

Asking and
recorded by my
hand
Count it by myself
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For Scope 1, the GHG emissions from the own vehicles and the
wastewater treatment were accounted in this study. The other sources of GHG
emissions were neglect, 1.e. the fire extinguisher emissions due to lack of data, while
the chemicals used for research study in the laboratories, were neglect because it is
not routine activity and the use of chemicals depending on individual research study.
No chemical fertilizer was used for gardening due to a little area of garden.

For Scope 2, the GHG emission from consumption gathered from the
purchased electricity by the College were accounted as indirect emission..

For Scope 3, even though the indirect emissions are an optional scope,
they were considered in this work for fullness of this carbon footprint calculation,
The sources of emission were divided into transportation, material use, and landfill
waste. For the transportation, the daily commuting vehicles, and the staff and student
travel for academic purpose, were taken into the account. For the materials use, only
consumable materials, i.e., paper, ink and water use were accounted due to the fact
that they are the main type of materials used regularly in the College.

4.2.2 Qperational Boundary of the Office of the President

The operational boundary conditions of the*Office of the President
were covered all activities that generate GHGs. The system boundary is illustrated in
Figure 4.4. Similar with the PPC activity, direct and indirect emissions were
classified into three scopes based on the greenhouse gas protocol, 15014064 parts 1
and 14069 and TGO quideline. The fact that Office of the President is the office for
administration activity, therefore there is no emission related to student and research
activities. The emissions are listed as shown in Table 4.4.
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Figure 44 System boundary of the Office of the President.
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Table 4.4 The Office of the President scope emission boundaries and source of data

Scope GHG Protocol’s

Description ~ Standard Boundaries Type of Data Source
(TGO, 2013)

Scope 1. » Consumption of Primary data ~ The mileage used

Direct fuels from vehicles record

emissions fleet
* GHG’ from Secondary  Estimated from tap
Wwastewater data water use
operation

Scope 2

Engrgy Purchased electricity  Primary data CoIIected_ from the

indirect CuU website

emissions

Scope 3: » Staffcommuting  Primary data by questionnaire
Indirect o Travel betweenthe  Primary data  and recorded from

emissions  internal organization the mileage
by owned vehicles
o Use of chemical to~ Primary data ~ Collected from
clean Service company
+Useoftapwater  Primary data  Collected from the
CU website
» Use of office Primary data ~ Asking and
equipment and recorded by myself
consumable material
» Waste disposal Primary data It will be estimated
by a No. of

populations
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For scope 1, the GHG emissions from the own vehicles and the
wastewater treatment were considered in this study. The other sources of GHG
emissions were neglect i.e. the fire extinguisher emissions due to lack of data.
Moreover, no chemical fertilizer was used because of no garden area to maintain
undler this department.

For scope 2, the GHG emissions from only energy consumption
attributed to the purchased electricity by the department.

For scope 3, Others indirect emissions referred as optional scope were
divided into transportation, material use, and landfill waste. For the transportation,
the daily commuting vehicles and staff travel were taken into the account. For the
material used, consumable materials, e.g. paper, ink and water use were accounted,
the fact that they are the main type of materials used regularly in the department.

The GHG emission sources of this study are summarized as follows
(Table 4.5):

1) Direct emission

* Vehicles fleet
» Wastewater
Wastewater treatment operation
2) Indirect emission (Energy)
o Purchased electricity
3) Other indirect emissions
1 Transportation
o Research travel
o Ground travel
2. Material use
0 Paper
Ink
0 Water use
3. Waste disposal
o Solid waste
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Table 4.5 GHG emission sources classify by scope and emission category

Scope

Scope 1: Direct

Scope 2 Energy

indirect

Scope 3: Other Material use Office

indirect

Emission Source
Category Location Equipment
Vehicles fleet
\Wastewater PPC building &  Calculate from
Chamchuri 4 water use
building
Energy use @PPC Air-Conditioner
(Purchased Office;
Electricity) 6 office rooms Lighting system
Laboratory:
13 laboratories ~ Office equipment
Others;
1computer room
5 meeting rooms
1library
15 restrooms
@ Office of the Air-Conditioner
President
Office; Lighting system
25 office rooms
Meeting room: ~ Office equipment
7 meeting rooms
Others:
12 restrooms
2 stored rooms
Water 3Paper and
Ink
Laboratory Paper
Waste Disposal 2 buildings Solid waste
Transportation ~ Daily Commute ~ Reported in the

data hased were
(|Uestionnaire
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4.3 Data Collection

43.1 Energy Use

Electricity consumption in the organization was collected from the
electricity database of Chulalongkom ~ University  (www.et.prm.chula;a’c.th).
The energy used in the PPC and the Office of the President, were collected from the
electricity consumption of each the department in the fiscal years (FY) 2011-2013
(October 2011 - September 2013). The total energy consumption in the PPC and the
Office of the President were 1,006,012 and 361,387 kWh per year, respectively as
shown in Table 4.6 and 4.7, which are equal to 83,834 and 30,115 kWh per month,
respectively. Figures 4.5 show the electricity consumption of the PPC from FY 2011
to 2013 and electricity consumption of the Office of the President from FY 2011 -
2013 are shown in Figure 4.6.

Table 4.6 Electricity purchased from PPC during FY 2011-2013

Month Energfl consumption (kWhg

2011 012 2013
Oct 80,780 65596 84080
Nov 820 98340 104640
Dec 9,140 87891 79800
Jan 19150 54349 87680
Feh 79150 86160 80240
Mar 87,700 102780 79960
,AA/{)r 8180 72280 93400
ay 60220 104100 82680
June 84960 67560 76840
Jul 80080 105720 72220
Aug 90,740 100300 92600
Sept 84080 66360 79260
Total 993200 1011436 1013400
Average 1,006,012



Table 4.7 Electricity purchased from Office of the President FY 2011-2013

Month Energf Consumzptlon kWhi
012

Oct 31400 21000 30400
Nov 19800. 20400 36400
Dec 32200 21400 40040
Jan 29600 31600 33400
Feb 13400 16200 39200
Mar 38800 38400 19600
@Pr 16000 26800 35800

ay 25600 21800 37600
Jung 41800 36222 39200
Jul 42000 29000 39200
Aug 42000 25400 15900
Sept 22400 26600 47600
Total 355,000 314822 414340

average 361,387
1200000
993200 1011436 1013400

1000000 ZEaEs S
&8 800000
= 600000
S

400000

200000

0201 012012 2012-2013
Fiscal year

Figure 45 The PPC’s electricity consumption during FY 2011 - 2013
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Figure 4.6 The Office of the president’s electricity consumption during
FY 2011 -2013.

The purchase electricity information from FY 2011 to 2013 shows
that the electricity consumption continued steady in each year due to the number of
staff in this department has been constant over the period.

4.3.2 Transportation

The transportation in this study refers to vehicles fleet and daily
commutes of the faculty and staff members (i.e., trips taken by faculty, staff or
graduate student travel, paid by the PPC or themselves).

Xhe GHG emissions from the vehicles fleet were calculated from the
mileage of the College and the Office of the President cars, while the daily
commuting were calculated from the faculty and staff commuting by private vehicles
or public transportation. A number of kilometers driven by the staff and students
were obtained by the survey questionnaire as shown in Figure 4.7. and 4.8,
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Figure 4.7 The PPC’s questionnaire form.
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Figure 4.8 The Office of the President's questionnaire fonn.
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4.3.3 Material Use
Material used in this study are mainly consumable materials which are
used and changed reqularly such as paper, ink or toner and tah water.

4. .31 Paper

The consumption of paper are varied depending organization
activity. Offices generally use paper for report, internal memos, letters, faxes and
photocopies. While academic activity class and research laboratories, papers are
usually used for teaching, examination sheets and reports and documents. It is
normally purchased by the organization in ream unit. The quantity of paper
purchased each year was recorded by the administrative office as shown in Table 4.8
and Table 4.9,

Table 4.8 Quantity of the PPC’s paper used in FY 2011- 2013

Fiscal Year ?O%antity(reams)

2011
2012 600
2013 650

In the PPC, the purchased paper in FY 2013 was 650 reams,
which is equal to 1,625 kg (1 ream = 2.5 kg by weight measured).

Table 4.9 Quantity of Office of the President's used paper in FY 2011- 2013

Fiscal Year  Quantity(reams
2011 ?90 yleams)
2012 500
2013 480

In Office of the President, the purchased paper in FY 2013
was 480 reams, which is equal to 1,200 k.

The amount of paper consumption was calculated by the
followed Equation (1)
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Weight of paper (kg) =No. ream of paper x Weight ofone ream (¢}

4. . .2 Water Use
Water use was collected from the water consumption
database of Chulalongkom University, retrieved from www. etprm.chula.ac.th
The tap water use of the organizations in the fiscal year
201 1-2013 (October 2011 - September 2013) showed that the total water
consumption were about 12,046 m3and 8440 m3 per year as shown in Table 4.10
and Table 4.11.

Table 4.10 Tap water used from the PPC

Month uantity(m
2011 2(8 ym

2013
Jan 1,092 759
Feb 1,309 1 025 955
Mar 1, 086 044 113
Apr 1203 849 158
May 957 887 683
June 1,319 1.140 1.160
Jul 1,580 913 1520
Aug 1,334 1,410 1,207
Sept 1,327 1,089 870
Oct 929 810 124
Nov 671 184 793
Dec 908 197 710
Sum 13715 11513 10912

Average 12,046
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Table 4.11 Tap water used in the Office of the President

Month uantity(m3

20% y(201)2 2013
Jan 1,176 978 500
Feb : 1,265 650 1,001
Mar 1,064 %1 112
Apr 162 946 132
May 671 1,097 585
June A48 183 244
Jul 631 584 649
Aug 494 530 628
Sept h92 419 649
Oct 580 il 628
Nov 601 492 642
Dec 1,007 464 626
Sum 9,251 8,415 1,656
Average 8,440

The tap water use of the 2 organizations in the fiscal year 2011-
2013 (October 2011 - September 2013) are shown in Figure 4.9 and 4.10.
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Figure 4.9 Tap water used in the PPC.
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Figure 4.10 Tap water used in the Office of the Presicent

4.34 Waste Disposal
4.34.1 Solid Waste

Amount of solid waste in this study was calculated by sum of
all wastes discarded from the organizations. Solid waste from the department is
typically sent to a landfill, resulting in the release of methane gas though the
anaerobic decomposition of the organic waste materials. Methane is 25 times higher
GHG tlj™n carbon dioxide. In this study, the amount of solid waste was estimated by
quantity of solid wastes generated within 5 working days (Table 4.12 and 4.13) and
calculated to be the average 1,260 kg/month and 21 kg/month for the Office of the
Presiclent.

In this work, the quantity of solid waste was calculated based

on 240 working days as given in the following Equation (2):

Landfill waste (kg) =No. day (d) x Landfill waste (kgfd) o)
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Table 4.12 The amount of solid waste generated within 5 working days of the PPC.

Day Quantity (kg/day)
Monday A
Tuesday 43
Wednesday 3%
Thursday i
Friday 4
Average 42

Table 4.13  The amount of solid waste generated within 5 working days of the
Office of the Presicent.

Day Quantity (kg/day)
Monday
Tuesday
Wednesday
Thursday
Friday

Average

~ 01 S o © —

4.3.4.2 Wastewater
the amount of wastewater can be estimated from the amount
of water consumption (the principle of Pollution Control Department) the following
Equation (3):

Quantity of wastewater *Quantity of freshwater x 80 % (3)

The wastewater of the 2 organizations in the fiscal year
2011-2013 (October 2011 - September 2013) are shown in Figure 4.11 and 4.12
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Figure 4.1 The PPC” waste water releasing from FY 2011 - FY 2013,
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Figure 4.12 The Office of the President's waste water releasing from FY 2011-
FY 2013,

44 Result of GHG Emissions from the PPC Information

This study was to access the total emission of greenhouse gases (GHGs)
from various activities in the organization The GHG emissions can be calculated as
the following Equation (4):

GHG emission = Activity data X Emission factor (4)
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Where:

Activity Data = Activity data in units that will help to calculate the
emissions generated (unit of activity)

Emissions Factor (EF) = Emission factor for each activity data to converts
activity data to emission value (kgCCWunit of activity)

4.4.1 Carbon Footprint from Electricity Consumption
Emissions from the electricity consumption of the organization were
calculated using emission factors of the power pool average in kilowatt hours. The
GHG emissions related with electricity generation were calculated according to the
following Equation (4) (TGO, 2011):

GHG emissions (kgCChely) = Electricity (kWh/y) x EF (kgCCriekWh) — (4)

Where:

GHG emission = GHGs production due to electricity demands (kgCCrie)
Electricity = Electricity consumption (kWh)
EF = GHG emission factor of fuel'for producing electricity (kgC02e/kWh)

Electricity was gathered for all electricity equipment in offices rooms,
classrooms, meeting rooms and others (restrooms, laboratories and computer room).
So that calculation the GHG emissions of electricity consumption within this
organization, it is important to know the organization’s total electricity consumption.
Data of electricity consumption data of the PPG and Office of the President from FY
2011-2013 are shown in Table 4.14 and Table 4.15, Figure 4.13 and Figure 4.14,
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Table 4.14 GHG emissions from purchased electricity by the PPC in FY.2011-
2013

Month  Energy Consumption §kWh) GHG Emissions (kgCCheg
011 2012 013 011 2012 201
Qct 80780 65596 84,080 46957 3131 48876
Nov 82020 98340 104640 47678 57,165 60827
Dec 9,140 87891 79800 55886 51091 46,388
Jan 19150 54349 87680 46010 31593 50,968
Feb 79150 86160 80240 46,010 50,085 46,644
Mar 87,700 102780 79960 50980 59,746 46481
@Pr 88180 72280 93400 51,259 42016 54,293
ay 60220 104100 82680 35006 60513 48,062
Jne 84960 67560 - 76840 49387 39273 44667
Jill 80080 105720 72220 46551 61455 41981
Aug 90,740 100300 92600 52,747 58304 53828
Sept 84080 66,360 79260 48876 38575 46,074
Tol 993200 1011436 1013400 577347 587948 589,089

Table 4.15 GHG emissions from purchased electricity by the Office of the President
in FY 2011- 2013

Month Ener% Consumption (kth GHG Emissions SkgCO?e%
1 2012 2013 2011 212 013
Qct 31400 21000 30400 18253 12207 17672
Nov 19800 20400 36400 11510  11.859 21159
Dec 32200 21400 40040 18718 12440 23275
Jan 29600 31600 33400 17206 18369 19415
Feb 13400 16200 39200 7789 9417 22787
Mar 38800 38400 19600 22554 22322 11393
/Q{)r 16000 26800 35800 9301  15%79 20811
ay 25600 21800 37600 14881 12672 21857
June 41800 36222 39200 24298 2105 22787
Jul 42000 29000 39200 24415 16858 22,787
Aug 42000 25400 15900 24415 14765 9243
Sept 22400 26600 47600 13021 15463 27670
Total 355000 314822 414340 206,362 183.006 240.856
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Figure 4.13 GHG emissions from purchased electricity by the PPG in FY
2011 -2013.
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Figure 4.14 GHG emissions from purchase electricity of the Office of the Presicent
in FY 2011 -2013.

4411 GHG Emissions Classified by Various Electrical Equip
In the PPC, the total energy can be estimated from energy
consumption of each appliances in the department. The type of equipment can be
classified into 3 main types; air-conditioners, lighting system and other electric
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appliances. The result showed that the department released 589.09 tCOZ emissions
from energy consumption in 2013. It was estimated that around 78 % of these
emissions resulted from energy consumption by air-conditioning system, 8 % by the
lighting system and 14 % from other electric appliances (e.g., laboratory instruments,
offices equipment and elevator) as shown in Table 4.16 and Figure 4.15.

Table 4.16 GHG emissions from electrical equipment by the PPG in 2013

Electrical Equipment  Annual Energy GHG Emissions Percent of the

Consumption ~ (tC02) Footprint
(kWh/year) (%)
Air-conditioner 788,679 458.46 8
Other electric appliances  138,920.04 80.75 Y
Lighting system 85,800.96 49.88 8
Air-conditioner 45846
b e
Other electric appliances 80.75 -
MUM
Lighting system Efui 49.88 J J J | | M
i:IMM
0.00 100.00 200.00 300.00 400.00 500.00
tC 02/year

Figure 4.15 Proportion of GFIG emissions from electrical equipment.

In Office of the President, the type of equipment can be
classified into 3 main types of the equipment similar to those from the PPG, which
are air-conditioners, lighting systems and other electric appliances. The result
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showed that the department annually released 240.86 tCChe emissions in 2013, It
was estimated that around 63 % of these emissions resulted from energy
consumption by air-conditioning system, 9 % by the lighting system and 28 % from
other electric appliances (e.q.,. laboratory instruments, offices equipment and
elevator) as shown in Table 4.17 and Figure 4.16.

Table 4.17 GHG emissions from electrical equipment by Office of the President in
2013

Electrical Equipment ~ Annual  Energy GHG  Emissions Percent of the

Consumption (tCO%) Footprint (%)
(kWh/year)

Air-conditioner 259,171.54 151.74 63

Other electric appliances ~ 116,468.94 67.44 28

Lighting system 38,699.52 22.50 9

Alr-COnNCItiONer 5t o 151,74

Other electric appliances 7 *f“z* 67.44

Lighting system 50

0.00 20.0040.00 .00 80.00100.0(120.0(140.0(160.00
tC 02elyear

Figure 4.16 Proportion of GHG emissions from electrical equipment.
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4.4.1.2 GHG Emissionsfrom Electricity Consumption per Area.

The PPC contains 6 office rooms, 13 laboratories, and others
such as meeting rooms, restrooms and etc. The College has 8 floors and the floor
area is 700 nr/floor for 13 and 2lld floor and for the 3thto 8t floor has 750 m2floor.
The GHG emissions per area of each floor were calculated hased on energy
consumption in FY 2013 as shown in Table 4.18.

Table 4.18 GHG emissions/area from each floor

Floor
Floors
Function

Laboratory
Office
Classroom
Laboratory
Laboratory
Laboratory
Laboratory
Library

O —1 OO Ul B~ WO PO

Population Area

(person) (m2  Consumpti
(kgC02)
(kgC02/m2

100
100
150
0
0
0
750
750

BB 385

Annual

Energy

on (kW h)

3,607
4,681
3217
23,860
9.393
16,290
19410
3927

GHG

20%
2,124
1,869
13869
5,460
9,469
11318
2282

GHG

o Emissions/A
Emissions

rea

3.00
3.89
249
1849
128
1263
1509
3.04

The Office of the President has 7 floors with the total area of
4259 m2 Moreover, It has 3 main office rooms, 8 meeting rooms and others such as
reception rooms.. The GHG emissions from electrical consumption based on data
from per area, from FY 2013 are shown in Table 4.19.
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Table 4.19 GHG emissions/area from each floor

GHG

Annua GHG  Emissions/

Floor ~ Population Area  Energy

Floors Function ~ (person) ~ (»)  Consumptio Iazng;ésgog)s (kgéroe;/ 0
(kWWh)
1 Recreatio  Empty 608 13740 1987 1313
nal area
2 Megting 7 608 69,057 40143 65.97
room
37 Officc 40 3042 331543 192,726 63.35

4.4.2 Carbon Footprint from Materials Use
In this study, the materials accounted in Scope 3 are paper and water
use. These materials are dominant material used in the organization.
As a result, paper and water uses in the PPC emitted 4,761 and 288
kgCO2e, respectively. The total emissions were 5,049 kgC02e as shown in Table
4.20,

Table 4.20 The PPC’s GHG emissions by material use in 2013

Material Quantity GHG Emission ~ Emissions
( it/year) Factor (kgCOZ)
(kCChefunit of
material)
Paper 1,625 kg 2.93 4,761
Wiater use 10,912 mj 0.0264 288

Total 5,049
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As a result, paper and water use in Office of the President emitted
3,516 and 202 kgCOie, respectively. The total emissions were 3,718.12 kgCOie as
shown in Table 4.21.

Table 421 The Office of the President' GHG emissions by material use in 2013

Material Quantity' GHG Emission  Emissions
( itlyear) Factor (kgCO02)
(kCO2e/unit of
material)
Paper 1,200 kg 2.93 3,516
Wiater use 7,656 mJ 0.0264 202
Total 3,718

443  Carbon Footprint from Waste
4431 Waste Water

Wastewater is generated from staff and student activities.
The GHGs emissions of organic degradation from an aerobic wastewater treatment
unit (not well managed) was considered in this study.

The amount of wastewater can be estimated from the 80% of
raw water consumption (the principle of Pollution Control Department). The GHG
emissions from the wastewater treatment (WWT) were calculated from operation
and effluent. Since methane released WWT system to the atmosphere without
capturing, the methane emission from the aerobic operation in this study was
included in the calculation. Table 4.22 the BOD loading as design criteria for
building and the BOD effluent (the Pollution Control Department).
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Table 4.22 BOD concentration in the domestic (Pollution Control Department)

Wastewater treatment plant in  BOD (mg/1)

domestic
Before treatment 200
After treatment 50

The GHG emissions from aerobic wastewater treatment Is
calculated based on BOD removal and cHa emissions as given:
(1)  Organic constituent in wastewater is calculated in
terms of BOD loadings by the following Equation (5)

BOD loading i = BOD loading imut- BOD loading agt ~~ (9)

Where;
BOD loading input (kgBOD/year) = Wastewater (m3 x BOD in effluent (mg/1) x

0.001

BOD loading ousput (kgBOD/year) = Wastewater (m3) x BOD before treatment (mg/1)

X0.001
BOD remove by treatment unit = A-B

(2)  CH4emission factor
cHa emission factor for each domestic wastewater
treatment/discharge pathway or system is calculated by the following Equation (6)
(IPCC, 2006):

EFj = B MCF 6)
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Where;

EFj = emission factor, kg CH.tkg BOD

| = each treatment/discharge pathway or system

Bo = maximum cra producing capacity, kgCILt/kgBOD
MCF| = methane correction factor (fraction)3

Table 4.23 Data requirement for calculating emission factor of wastewater (IPCC,
2006)

Wastewater
Parameters Values Unit
B 0.6 kgCH4kgBOD
MCF 0.3 -
EF 0.18 kgCH4kgBOD

(3)  Total CHa emission from wastewater is calculated as
the following Equation (7) (IPCC, 2006):

cHa Emissions (kgCFLJ/y) = EF x Total organics in wastewater
GHG Emissions (kgCo2/y) = cHa Emissions x GWP (")

*GWP of CHs = 25 (IPCC, 2007)

Result from the calculation of GHG emissions from the PPC’s wastewater treatment
plant was found that 235.62 kgCChefyear as shown in Table 4.24



Table 4.24 Calculation of BOD removal and GHG emissions from the PPC

BOD Emission
Type  BOD  BOD o comater Remove Factor O
of input ~ output Emissions

m3 IvgBOD/  (kgCO:¢/
waste  (mgll)  (mgl) (3 i)g E<ggBOD) (kgCOZ1y)
Waste

200 ) 8,729 1309 018 235.62
Water

Result from the calculation of GHG emissions from the Office of the President ’
wastewater treatment plant was found that 235.62 kgCChe/year as shown in Table
4.25

Table 4.25 Calculation of BOD removal and GHG emissions from Office of the
President

Emission
Type .BOD 50D Wastewater : Factor C
of Input ~ output Remove (kaCOe Emissions
waste  (mgl)  (mgy) (" (kgBODIY) kggBOD) (kgCO:¢ly)
Waste
Water 200 50 162 24 0.18 44

4.4.3.2 Solid Waste
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The PPC generated about 10.08 tons of total solid waste per
year. According to IPCC Chapter 2 (2006), the PPC solid waste can be separated to
each component and the solid waste components and GHG emission are presented in

Table 4.26.
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Table 4.26 GIIG emissions from each type of solid waste from the PPG

Composition % Quantity EF Emission
(ko) (kgCOZlkg)

Glass 4.00 403.20 2.32 935.42
Rubber 0.90 90.72 313 283.95
Paper 1290 1,300.32 293 3,809.94
Plastic 1.20 125.76 2.32 1,683.76
Wood 9.50 957.60 383 318881
Textile 2.10 21216 2.00 544.32
Food 4350 4,384.80 253 11,093.54
Metal 330 332.64 2.32 17172
Other 16 161280 2.32 3,741.70

Sum 26,053.17

For the Office of the President the solid waste generated
about 2.22 tons per years. As the IPCC Chapter 2 (2006), solid waste of the Office
of the President can be separated based on waste proportion and GHG emissions as
shown in Table 4.27.

Table 4.27 Solid waste composition and GHG emissions from each type of solid
waste from the Office of the President

Composition % Quantity  EF (kgC02e/kg)  Emission

k

Glass 400 8(8. 0 2.32 206.02
Rubber 0.90 19.98 313 62.54
Paper 12.90 286.38 2.93 839.09
Plastic 1.20 159.84 2.32 370.83
Wood 9.50 210.90 . 702.30
Textile 2.10 19.94 2.00 119.88
Food 4350 965.70 2.53 2.443.22
Metal 3.30 13.26 2.32 169.96
Other 16 355.20 2.32 824.06

Sum 5,137.90
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4.4.4 Carbon Footprint from Transportation
444.1 Vehicles Fleet

The GHG emissions from the vehicles fleet were estimated
by their mileage vehicles as shown in Table 4.28 and Table 4.29. A number of
kilometers driven by the staff were obtained from motor vehicles registered in' 2004
and 2008 and they were used to estimate GHG for 2013. The emissions from the use
of transportation by the department’s faculty and staff members were computed by
an average consumption in one day from the motor vehicle. The following Equations
used to calculate vehicles fleet are given below (s), (9):

Distance traveled (km/d) = Total day of car used x Total mileage g
(0)

Where

Total day of car used: count by first date of registration motor vehicle to the date of
recorded mileage.

Total mileage Count by the mileage of car

Quantity of fuel (Ify) = Distance traveled (krn/d) x working day (diy)
Fuel economy (km/l) 9)
GHG Emissions = Quantity of fuel (I/y) x Emission factor (kgCCbll)

Table 4.28 GHG emissions from vehicles fleet in FY 2013 by the PPC

\T/ehiecle Fuel ~ Emission  Emission  Total
Cars YP& Consumption  Factor }‘lf CCrieq  Emission
(L/d) (kgCOieq /L) ? in 1year

Toyota vios  Car 350 2.24 7.84 1883

Nissan Van 1.73 2.74 21.22 5,093
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Table 4.29 GHG emissions from vehicles fleet ill FY 2013 by the Office of the

President

Cars

Toyota
Ventury
Toyota
Ventury
Toyota
Ventury
Toyota
Ventury
Toyota Altis
Toyota Altis
Toyota Altis
Toyota Altis
Toyota Altis
Toyota Vios
Toyota Vios
Toyota Vios
Toyota Vios
Toyota Camry
Volkswagen
Caravelle

Vehicle Fuel Emission ~ Emission Total
Type Consmnipti ~~ Factor ~ (kgC02q  Emission
on(Ld  (kgCOwg ld) (2013)
IL)
Van 3.76 2.7446 1031 2475

Van 1.8 2. 1446 1997 4793
Van 3.2 2. 1446 883 2,120
Van 6.01 2. 1446 1650 399

Car 4.64 2.2316 10.39 2493
Car 0.72 2.2316 161 37
Car 206 2.2316 4.60 1106
Car 174 2.2376 390 936
Car 2.22 2.2316 4.9% 1190
Car 0.75 2.2376 1.68 404
Car 1.12 2.2316 251 602
Car 400 2.2316 8.9 2.149
Car 106 2.2316 2.38 b2
Car 081 2.2316 181 434
Van 102 2.1446 19.28 4,626

28,245

*Base on 240 working days

4.4.4.2 Daily Commuting

The following Equation was used to calculate daily commute

as given below (10):
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GHG Emissions (kgCChe) = [Miles traveled (mile) x Emission factor
kgCCVmile)] + [Miles traveled (mll_eR X
gCFE/mile)] +%k/|| es (10

g

mission Factor
traveled (mile) x
N20/mile)]

mission Factor

Since GHG emissions from daily commuting were
calculated from the faculty, staff and student commuting by their private vehicles
and public transportation. The emissions from mass transit were included but this
work use the emission factor from the .S.A country to estimate. A number of
kilometers driven by the staff and student were obtained from the data survey in
2013 which were used to generate the 2013 GHG emissions. The data were gathered
from the department’s faculty, staff members and student by the questionnaire
survey (Figure 4.7 and Figure 4.8). The information gathered from surveying were
distance, fuel consumption and type of the transportation. This methodology
complies with the Greenhouse Gas Protocol and TGO. The result showed that the
distance from dairy commuting for the College was 393,960 kilometer per year and
Office of the President was 216,720 kilometer per year. Therefore, the total GHG
emission from the College commuting was 71,120 kgCo2e/year as shown in Table
4.30 and Table 4.31 and 24,738 kgCChelyear from Office of the President as shown
in Table 4.32. *

Table 4.30 GHG emissions of staff and faculty daily commuting from the PPC

Carbon Emissions

Vehicle Type (kaCCHelyea)
BTS 3579
Taxi 0.000
Motorcycle 1,143
Public Transport 1317

Small Gasoline Automobiles 13037
Medium Gasoline Automobiles 17,032
Large Gasoline Automobiles 12,351



Table 4.31 GHG emissions of student daily commuting from the PPC

Vehicle Type
MRT
BTS
Taxi
Motorcycle

Public Transport

Small Gasoline Automobiles
Medium Gasoline Automobiles
Large Gasoline Automobiles

Carbon Emissions
(kgCCBelyear)
1937

22.19

672.6

1562

1529

14,666

1,780

0.000

15

Table 4.32 GHG emissions of staffand faculty daily commuting from the Office of

the President

Vehicle Type

MRT

BTS

Taxi

Motorcycle

Public Transport

Small Gasoline Automobiles
Medium Gasoline Automobiles
Large Gasoline Automobiles

Carbon Emissions
(kgCCLelyear)
2.85

0.00
0.00

3,962
1,584
12,144
1.044

0.00
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45 Evaluation of Carbon Footprint

Based on the Greenhouse Gas Protocol (A Corporate Accounting and
Reporting Standard, which is prepared by the World Resources Institute (WRI) and
the World Business Council for Sustainable development (WBCSD), and Thailand
national standard for organization by TGO.), GHG emissions are separated into three
categories or “scopes”. Scope 1 includes direct emissions from sources that are
owned and controlled by the department. Scope 2 includes energy indirect emissions
resulting from the purchased energy (electricity), and Scope 3 includes indirect
emissions that are a result of activities related to the department, but are not owned
or controlled by the department ( such as, faculty members and student commuting).
The GHG inventory data gathered from the Petroleum and Petrochemical College
and Office of the President on FY 2013, which was from October 2012 to September
2013. Table 4.35 shows the emission from Scope 1, 2 and 3 of the organization. The
result showed that electricity consumption (Scope 2) was considered to be the most
significant source of GFIG emissions, accounting for 589 tcc-. or 84.33 % of total
GHG emissions. The daily commuting was another significant emission source; it
was estimated to produce 71,120 tCCb which accounts for 10.18 % of the overall
GHG emissions. The GHG emissions from direct emissions, material use and solid
waste equal to 7.212, 5,049 and 26.05 t0C/year, which accounting for 1.03 %, 0.73
% and 3.73 %, respectively as shown in Table 4.33 and Figure 4.16 and Figure 4.17.
It can be seen that the total annual carbon footprint of the College was 698.524
tCCRe.



Scope
description

Scope 1 :Direct
emissions

Scope 2 .
Energy Indirect
emissions
Scope 3 .
Indirect
emissions

Total

Table 4.33 Carbon footprint of the PPC

Emissions
Source

Wastewater
treatment

Transportation

vehicles fleet
Purchased
electricity

Transportation :

Daily
commuting
Material use
* Paper use
o Water use
Solid waste
Total indirect
emission

Carbon
Emissions
(tCCEe/year)
0.236

6.976

589.09

711.120

4,761
0.288

26.05
102.22

698.52

7

Percent of the
Footprint

0.03
1

84.33

10.18

0.68
0.05

3.73

100
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Scope 3 Scope 1
B I

Figure 4.17 Proportion of the carbon footprint from each scope of the PPC.

_ Vehicles fleet
Solid waste 1%

Materials

\ Wastewater
] used [ 0%
Daily 1% \ N/

commuting
10%

| Electricity

consumption
84%

Figure 4.18 Proportion of the carbon footprint from all emission source of the PPC.

For Office of the President where this organization is operated for
administration office of the cu. The result showed that electricity consumption was
considered to be the most significant source of GHG emissions, accounting for
240.85 tCCTl/ycar. The daily commuting was another significant emission source; it
was estimated to produce 24.738 tCQilyear which accounts 79.412 % and 8.156 %
of the overall GHG emissions, respectively. The GHG emissions from direct
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emissions, material use and solid waste were equal to 28.289, 3.718 and 5.738
tCChlyear or 9.313 %, 1.226 % and 1.892 %, respectively as shown in Table 4.34.
Figure 4.18 and Figure 4.19 present the percentage proportion of each scope of all
emission sources. It can be seen that total annual carbon footprint in 2013 was
303.299 tCChe for the Office of the-President.

Table 4.34 Carbon footprint of the Office of the President

Scope Emissions Carbon Percent of the
Description ~ Source Emissions Footprint
(tC02e/year)
Scope 1:Direct ~ Wastewater 0.0044 0.001
Emissions treatment
Transportation ~ 28.245 9.313
vehicles fleet
Scope 2 : Purchased 240.856 19.412
Energy Indirect  electricity
Emissions
Scope 3 Transportation : 24,738 8.156
Indirect Daily commutingIa
Emissions Material use
* Paper use 3.516 1.159
» Water use 0.202 0.067
Solid waste 5.738 1.892
Total indirect 9.456
emission

Total 303.299 100



Figure 4.19 Proportion of the carbon footprint from each scope of the Office of the
President,

el dSolid Wwaste
. [ 2%
Dl ate m use %

commiting

8%

Vehicles flegt

Wastewater

Figure 4.20 Proportion of the carbon footprint from all emission source of the
Office of the President



46 Comparison of the GHG Emissions with different organization function

4.6.1 Carbon Footprint Classified by Scopes

As the key factor,' the energy consumption and GHG emissions in
the organization is the function of each place, whether it is an officer or class room
or meeting room. The energy consumption is depended by various electric
equipment which can be classified into 3 categories; air condition, lighting system
and other appliances.

For the PPG, the result from the GHG calculations from Scope 1
generated from wastewater treatment and vehicles fleet, which was 7.212 tC02e/year
or 103 % of overall GHG emissions. The vehicles fleet was the largest emission (97
%) In Scope 1 as shown in Figure 4.20. Scope 2, the largest contributor of GHGs of
the department account for 589.090 tCCWyear. The source of emissions were the
energy consumption from air-condition, lighting system and other appliances. Air-
conditioners were the main source of energy consumption accounting for 78 % of
energy use as shown in Figure 4.21. The results also demonstrated that air
conditioner is the electrical equipment that release large amount of GHGs. The use
of air-conditioners is caused by the air conditioner that is used to maintain the
equipment for research study. From information survey, it was found that most of the
air-conditioners in the department were used and also not being the energy saving
type. Beside the proper maintenance measures, the replacement plan for obsolete and
inefficiency equipment need to be consider as a immigration measure to reduce
GHGs emissions. For Scope 3, the daily commuting was the second mam source of
GHG emissions from the College activity. The daily commuting attributed emissions
of the Scope 3 about 71.120 tCChe annually. This accounts for 70 % of overall GHG
emissions in this scope as shown in Figure 4.22.



\Wastewater
3%

Figure 4 21 The emission contribution in scope 1

Other electric
appliances
.. 14%
Lighting o
system\
8%

Air-
conditioner
78%

Figure 4.22 Carbon footprint of scope 2 by equipment.
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Materials
used
5%

Figure 4.23 Distribution of carbon footprint of scope 3

For Office of the President, the results from GHG calculations
revealed as followed, The total emissions from Scope 1 are 28.29 tCO2e/year,
accounting for 9.31 % of overall GFIG emissions of Office of the President. The
vehicles fleet is the largest source of emission (99.98 %) as shown in Figure 4.23.
For Scope 2, the largest contributor of GHGs of the department accounted for
240.856 tco™elyear, which mainly generated from energy consumption of air-
condition, lighting system and other appliances. The GHGs calculations showed that
air-conditioners are the main source of energy consumption accounting for 63 % of
energy uses for electrical equipment as shown in Figure 4.24. The results also
demonstrated that air conditioners was the electrical equipment that releases large
amount of GHGs, and then the other electric appliances, The use of electric
appliances are come from computers for routine working meeting. From the survey,
it was found that most of the air-conditioners in the department were used and also
not being the energy saving type; therefore, the department should implement several
measures to reduce energy consumption from air-conditioners like the PPC. For
instance, they can replace old item with newer energy-efficient model and turn offall
equipment when they are not being used. For Scope 3, the daily commuting was the
second main source of GHG emissions from the Office activity. The daily
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commuting related emissions was equal to 24.738 tCChe annually. It accounted for
72 % of overall GHG emissions in Scope 3 as shown in Figure 4.25.

Wastewater

Figure 4.24 Distribution of carbon footprint of scope 1 emission.

other electric
appliances

28%

Lighting
system
9%

Figure 4.25 Distribution of carbon footprint of scope 2 by equipment.
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Figure 4.26 Distribution of carbon footprint of scope 3,

4.6.2 Comparison with the Previous Studies

Previous studies on university carbon footprint have reported in
similar trends to those in this study (Pennsylvania, 2007; Purdue, 2007; the
Department of Mechanical Engineering, Michigan state University, 2008; Hollins,
2008; Maryland. 2009). These studies classified GHG emission sources diffidently
to match the specific types of sources present at each university, but as a whole, all
sources were covered under the same scopes of the Greenhouse Gas Protocol and
1SO 14069, 14064 part L Pursue (2007); Michigan State (2008); and Maryland
(2009) that have been reported were the same major sources of GHG emissions;
energy use evaluated for 57 %, 49 % and 41 % of their total GHG emissions,
respectively. For Pennsylvania (2007) and Hollins (2008), purchased electricity,
steam, heat, or/and hot/chilled water accounted for 60 % and 67 % of the total GHG
emissions. In addition, three studies, namely, the University of Pennsylvania, Purdue
University, and the department of Mechanical Engineering, Michigan State
University reported their carbon footprint in terms of tC per person. The University
of Pennsylvania and Purdue University reported a carbon footprint of 1.9 tC per
person and 2.1 per person, respectively. While at the Michigan State (2008) reported
a carbon footprint of 2.73 tC per person had a carbon footprint rather higher than
those of the university of Pennsylvania and Purdue University. This larger amount



can be attributed to the fact that the carbon footprint of Michigan State was evaluated
only for a single academic, while those of the University of Pennsylvania and Purdue
University were calculated for the entire university. For this work, the average
carbon footprint per person is approximately 2.6 tc for the PPC and 7.2 tC for Office
of the President. The comparison of the carbon footprint and the previous studies are
shown in Table 4.35.

Table 4.35 Comparison this study with previous study

University Universi ’\9( Carbon Footprint (CF)
CF (tc Per aor Sources - CF (%)
Person)
Purdue University 21 On Campus 57%
(2007) Energy,
Electricity 26%
University of 19 Electricity 60%
Pennsylvania (2007) Steam 30%
Hollins University - Electricity 67%
(2003-2007) On-Campus 21%
Energy
Department of 2.13 On- Campus  49%
Mechanical Energy, 31 %
Enginegring, Electricity,
Michigan State Transportation ~ 19%
University (2008)
University of 2.02 On- Campus 41 %
Maryland, College Energy, 31 %
Park (2001 -2008) Transportation, ~ 23%
Electricity
UCSI University, - Electricity, 56%
Malaysia (2008{ Transportation  42%
AIT Campus, 2.08 Transportation, 41 %
Thailand (2009) Electricity 3%
Petroleum and 2.6 Electricity, 84.3 %
petrochemical The daily 10.2%
College commuting
Office of the 12 Electricity, 194 %

president Vehicles fleet ~ 9.3%
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4.7 Discussion of the GHG Emission in this Study

In this research, the function of the organization is divided into 2 Scopes;
Teaching and Research department, and Administration department; as the
representative of main department in Chulalongkorn University. The major function
department activity of interest is Teaching and Research department while
Administration department is minor department in this work.

The Petroleum and Petrochemical College (PPC) and Office of the
President were used as representatives for teaching and research department and
Administration department, respectively. The results presented that the PPC had
emitted carbon footprint per person and per area at 2.6tC/person and 0.95 tC/m2 On the
other hand, the Office of the President had carbon footprint emission per person and per
area about 7.2 tC/person and 0.50 tC/nr, respectively. Although, the PPC has amount of
carbon footprint per person less than the Office of the President, the PPC performs
amount of overall carbon emissions higher than that of the Office of the President due to
a number of population per area. The PPC has higher amount of population than the
Office of the President (0.037 person/m2and 0.016 person/nr). In comparison with the
previous data, it can be seen clearly that the Office of the President has emitted more
amount of carbon generated than the PPC, even if both of them have same sources of
emission as regarded in 3 Scopes.

Moreover, the results from this study show that the main GHGs emission is
electricity consumption, is about 80 % of total GHG emissions. According to 28
institutes and 18 departments from Chulalongkorn University at 2013, the consumption
I5 80,385,941 kWh as GHG emission for 46,728.35 tCCTe. Then the results from this
work can he considered as the main GHG emissions from Chulalongkorn University, is
the electricity consumption (80%). This information can be providing for energy
management quideline in the future.

48 Carbon Footprint Reduction

The greenhouse gas (GHG) emissions of the department which were
resulted by on-site and off-site activities. From the results, it can be concluded that
the GHG emissions were mainly due to total energy consumption of the department,



As such, a proper and simple management strategies to reduce GHG emissions in
which the department should include an energy conservation method. The major
electric consumer is an air-conditioner. A comprehensive and integrated low carbon
sustainability strategy is required in order to achieve a reduction in both energy
consumption and GHG emissions a comprehensive and integrated low carbon
sustainability strategy is required. There are several measures that can help to achieve
significant energy saving. One important strategy is to promote energy efficiency
awareness among staff and students in the department. Also, the energy conservation
practices are necessary to promote as well.

Energy conservation methods for electric equipment such as turn off
equipment when it is not needed and purchasing energy efficient equipment, such as
those of “N0.5 level,” can decrease energy use by as much as 10 % (B.Janangkakan,
2013). 1t is also important to ensure that each piece of equipment has its energy
management features activated. The installation of timers and occupancy sensors that
help turn off equipment automatically when they are not needed. Every 1,000 kilowatt-
hours (kWh) of electricity saved reduces the amount of carbon dioxide (greenhouse gas)
from entering the atmosphere by about 450 kgCCh per year.

Typically, energy conservation measures are quantified in terms of cost
savings. However, there are much more reasons to do an energy conservation than
just saving money, it also reduces the amount of fossil fuels that are burned from
power plant, which results in a decrease in overall the air pollutants that cause global
warming and acid rain.

48.1 The Possible Options for Reduce GHG Emissions

From energy consumption is accountable for 84 % and 80 % of the
department’s GHG emissions, a decrease in emissions associated with energy use is
critical to reducing the department’s footprint. Quantities of options are available and
can be distributed into those associated with reducing energy consumption and those
associated with reducing.carbon emissions during energy generation. The localized
implementation of renewable energy is a possible option for this organization which
some examples are explored below. Moreover, it can be concluded that GHGs emission
are mainly because electricity consumption from air-conditioning and lighting
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system. Therefore, the proper and hasic management to reduce GHG emissions in
the organization is energy conservation strategies (Table 4.36). Energy conservation is
the manner of decreasing the quantity of energy used. It may be completed through
efficient energy use, which energy use is decreased while achieving a similar outcome,
or by decreased consumption of energy services. Energy conservation may result in
increase of financial benefit, environmental value. Individuals and organizations that
are direct consumers of energy could set the mitigation measure to reduce energy
costs and promote economic Security.
48.1.1 Renewable Energy’

Solar energy is a gigantic energy source. Energy from
the is sorted as the most important renewable energy. There are two main
options: photovoltaic cells for power generation and solar water heating. Clean energy
does not have any reaction which would cause environmental toxicity. Solar energy can
be transformed into electricity directly. As Thailand is located near the equator, its
potential for using solar energy is high level. The daily number of power across the
country averages, around 4 to 4.5 kKWh per square meter.

The wastewater and solid waste from this work has the
potential to be a clean energy source. Most of the waste hiomass, such as wood,
paper, food waste, can be used as fuel in power plants that are designed to use waste
as fuel, for instance in a biogas fermentation tank. In this type of tank, methane gas
is recovered as a renewable energy source for electric materials, which could
decrease the carbon footprint of the organization

4.8.1.2 Energy>Conservation (Electricity>Use)

Because of this organization does not control the design,
maintenance or operation of the physical building, there is little opportunity for it to
choose energy-saving features and devices such as efficient air conditioning (energy
saving No.5) and efficient lighting (with electronic ballast, motion sensors, model of
fluorescent tubes and newer model of LED lighting system to reduce energy
consumption. Nevertheless, changing the habits of the consumers of the organization
to reduce consumption is feasible over a reasonable period of time and could be
achieved with information campaign based on posters, emails, and the department
website announcements. Reduction methods are shown in Table 4.36.



Table 4.36 Overall of recommendations in reduction methods

Save Energy Schemes Reduction Strategy

Energy conservation o Setting temperature (25 °C)
«  Settingroom space suitable
for natural light
« Setting sleep mode for unused
computer
»  Maintenance of All-
conditioner 2 times per year
and 1time for lamp
Energy Efficiency * Lighting system
o LED lamp
* Low loss Ballast
* Reflector
* Motion or Daylight sensor
Save energy schemes — Reduction strategy
Energy Efficiency * Lighting system
« Lighting dimmer
o Timer
* Air-conditioner
* Energy Saving No.5
«  Condenser Cooling Unit
* Evaporative Cooling
* Frame building
* Insulator
* Double Glazing
*  Other equipment
»  Use energy star equipment



Alternatives for the reduction of energy consumption,
greenhouse gases emission and cost by using energy conservation for the electricity.
There are many options available for reduce energy consumption in the organization
such as: save energy No.5 air-conditioner; use high efficiency lamp; adopt in energy
conservation management,

4.8.1.3 Transportation
Transportation was also found to be an important contributor
to 11 and 17 % of the total GHG emissions of the department. Therefore, it should
be receive particular attention to cope with reduction measures for carbon dioxide
emission. Reduction strategies of transportation are shown in Table 4.37.

Table 4.37 Strategies for reducing transportation emissions

Emission Sources Reduction Strategies

Vehicles Fleet o Use of virtual meeting in
some event that it
possible to use

Creation of incentives for

employees to use car pool

b or other alternative

methods for work
commute, for instance
walking, cycling or mass
transit.

»  Suggestion for simulation
project student to work on
home 1day per week

Daily Commuting
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4.8.1.4 Material Use and Waste Disposal

For the small proportion of GHG emissions that was from
waste and material uses, the 3R™ of reduce, reuse and recycle defines the main
strategy that should be implemented whenever possible to reduce emissions.

The use of materials within the organization is suspect to
decline, but emissions can be reduced by predominately recycled materials. The
main of the organization's material emissions resulted from its use of paper. The
production of paper 1ton, it requires 17 tons of trees, 20 ...3 of water, 300 liters of
baby oil. and 1,000 kW-hr of electric power. The recycled paper uses less 30 %
fanned trees than normal paper. It was estimated that using one ream of recycled
paper saves trees to absorb 2.75 kilograms of carbon dioxide from the atmosphere,
which equals to the quantity of carbon for dioxide emitted from driving a car 9 kill.
Reduction strategies of material use and waste disposal are shown in Table 4.38.

Table 4.38 Strateqy for reducing material use and waste emissions

Emission Sources ~ Reduction Strategies
Material Use Paper.
Adopt the 3R's (reduce,
reuse and recycle)
approach
Contact via email rather
than on paper
Use hoth sides of paper
before sending it to be
recycled
Use recycling paper
Awareness raising for
staffand student in the
3R’s strateqy
Water use



Table 438 Strategy for reducing material use and waste emissions (Cont.)

Emission Sources Reduction Strategies
Use water saving devices
Install rain water
collecting system
Reduce the processing time of
the motor or pump
Waste Disposal Solids waste disposal
Establish Recycling
Bank for waste disposal

4.8.2 Management Scenario
For this work aimed to purpose scenarios to reduce the carbon
footprint of the Petroleum and Petrochemical College and the Office of the
President, Chulalongkom University. The scenarios outlined in this document offer
an opportunity to decrease the carbon footprint of the 2 organizations in
Chulalongkom University. In addition, possible options have been created to reduce
the quantity of carbon-intensive energy which- the departments generated by
purchase and the amount of energy required from the departments. In the future, the
options will be expanded to improvement of plan with more steps to reduce the
university’ carbon emissions with a manageable timeline. Furthermore, in the next
2, 5 and 10 years to name but a few, the university could realistically approve
carbon reduction goals to be achieved.

4.8.2.1 Energy
Scenario L: Energy Conservation
As the result, this study concentrated on reduction plans for
electricity consumption. In this scenario, the PPC can promote energy saving
program and increase in number of the PPC staff/faculty members and students
awareness. The main sources electricity consumption was air-conditioners followed



by other electricity appliances. Nevertheless, installation of light bulbs and LED tube
and air-conditioners with turn off air-conditioner 15 minutes before finish work, to
reduce the electricity consumption and GHG emissions due to it is a possible choice
that we can apply in current situation. Electricity consumption can be reduced about
85 % of electricity consumption by the installation of LED tube and light bulbs (6.7
%) turn off air-conditioner before finish work 15 minutes (1.8 %). Furthermore, the
PPC will be able to reduce amount of GF1G emissions to 539,017 kC02e as shown in
Table 4.40.

Table 4.39 Data information on scenario for electricity consumption

Data Current %Reduction  Scenario
Information  Electricity Electricity
Consumption Consumption
(kih) (kWh)
Electricity 1,013,400 8.5 927,261
Consumption

Table 4.40 Data information on scenario GHG emission on Electricity
Consumption

Current GHG % Reduction Scenaric  GHG
Emissions (kCCEe) emissions (kCCEe)
589,090 85 539,017

4.8.2.2 Solid Waste Generation
Scenario 2: Reduce, Reuse and Recycle campaign
Increasing awareness of the PPC 3Rs measures in part of
reduce reuse and recycle of materials for activities of their daily routine using. It can
help to reduce generation of solid waste such as paper, glass, plastic bottle and



conjugate board. Assuming that the PPC has potential to reduce generation of solid
waste for 30 %, the PPC will decrease amount of GHG emission to 18,237 kCChe as
shown in Table 4.42.

Table 441 Data information on scenario 0f solid waste generation

Data Current % Reduction  Scenario

Information ~ Solid Waste Solid  Waste
(ko) (ko)

Solid Waste 10,080 30 7,056

Table 442 Data information on scenario of GHG emissions on solid waste
generation

Curret  GHG %Reduction  Scenario GHG
Emissions (kC02) Emissions (kCCCe)
26,053 30 18,237

4.8.2.3 Water Consumption

Scenario 3: Promote water conservation and new faucet
installation.

Installing new water saving appliances (e.g. dual Flush
sanitary ware and new faucet which can close autonomous when unused.
Furthermore, awareness of PPC. staff, faculty and student in terms of water saving
can be done by; the PPC can be able to reduce up to 30 % by the Dual Flush sanitary
ware (20 %) and new tap (10 %). If the PPC can reduce quantity of water
consumption up to 30 %, the PPC would be able to decrease amount of GHG
emissions to 367 kCChe from water consumption and wastewater as shown in Table
4.44,
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Table 4.43 Data information on scenario of water consumption per year

Data Current  water %Reduction  Scenario Water

Information ~ Consumption Consumption
m (m

Water 10,912 30 1,639

Consumption

Table 444 Data information on scenario of GHG emissions on water consumption

Current GHG % Reduction Scenario GHG
Emissions (kC02e) Emissions (kCCEe)
524 30 367

The summary of each proposed scenario to reduce the GHG emissions is shown in
Figure 4.37.
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Figure 4.37 Comparing for reduction GHG emissions from each scenario.
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In Figure 4.37, the results show that for the scenarios in the
PPC model, the largest decreasing of GHG emissions is from Energy Conservation
scenario (Scenario 1) due to the fact that it can reduce amount of GHG emissions
from 698 to 648 tCChelyear by reducing 85 % of all energy consumption. The
second largest is from Reduce, Reuse and Recycle campaign (Scenario 2), which it
can decrease amount of GHG emissions from 698.524 to 690.71 tCChefyear by 30 %
of generation solid waste reduction. The last scenario is promoting water
conservation and new tap installation (Scenario 3); it can reduce quantity of GHG
emissions from 698.52 to 698.37 tCChelyear accounting for 30 % of water
consumption reduction.

4.8.3 Analysis of Possibility for Implementation of Scenarios
The motivation for the PPC towards low carbon campus, it is
important to establish proper policy guidelines and evaluation tools. This study
measured the current situation of GHG emissions using the PPC as a case study
baseline year 2013. Also this work proposed potential scenarios for reduction of
GHG emissions suitable for each aspect. This part describes advantage and
disadvantages for each proposed scenario for identifying the most effective and
policy for the situation of PPC.
4.8.3.1 Energy Conservation
Advantages:
- Raising awareness for electricity conservation
- Lighting system modification has been proved to
efficiently reduce the use of electricity.
Disadvantages:
- High investment cost of lighting system retrofitting but it
needs to be analyzed the cost-benefit and payback this
measure.
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4.8. .2 Promote Reduce. Reuse and Recycle campaign
Advantages:
- The GHG emission can be reduced by the minimize
resource and waste materials
- Benefits from selling recycle waste.
Disadvantages:
- It requires corrective of people to action the waste
separation
48. .3 Promote Water Conservation Measure and Water Saving
Equipment Installation
Advantages:
- Decreased GHG emission from tap water used.
- Save money for payment on water consumption.
Disadvantages:
- High investment for water saving equipment installation.
The summary of advantages and disadvantages for each proposed scenario is shown
in Table 4.45,

Table 445 Summary of advantages and disadvantages for each proposed scenario

Aspect Scenarios  Advantages Disacvantages
Energy Electricity ~ Save money High Investment
Conservation ~ Save energy
Solid Waste 3RS Reduce waste generation  Require disciplinary
Gain money from waste
recycled
Water Reduce Reduce payment Require participation

consumption  consumption ofpeople
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