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Abstract
Nowadays, global warming is a major problem caused by inefficient use of resources. One of the
reasons is from tourism, especially from the energy consumption of the hotel which operates 24 hours a

day. While solar energy systems are installed to reduce the carbon footprint of hotels, research on carbon
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offset hotel buildings is still very limited. Especially in small hotels which are the main choice of hotels for
Thai tourists. This study is a simulation research, which aims to study the installation patterns of solar power
systems for small hotels. A hotel in Nan province was used as a case study. In this study the building roof
area, the building roof shape, the roof and solar panel tilt angle and building shape and solar panel
orientation were altered to estimate electricity used through the Design builder simulation program Design
Builder v7.0.1.006 and the economics analysis were performed to find a suitable installation solution.

The results show that the optimal form of installation per roof area is the installation form that
covers the building's 1 year electricity consumption and the main factors that affect the potential to reduce
carbon footprints is orientation of the building and facing the solar panel to the south and the southwest
is the best direction. determine the solar panel tilt angle at 18 degrees. By the most attractive form for
investment is an Internal Rate of Return at 11.00 % with a net present value of 554,326 baht and a payback

period of 8.60 years, which can reduce the carbon footprint of 27,500.81 kg.CO,eq in 1 year.

Keywords: Carbon Footprint of Organization, Greenhouse Gases, Hotel Industry, Carbon Offset,

Solar Energy
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Figure 1 Shapes of hotel buildings in Nan Province.
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Figure 2 Roof types of hotels in Nan Province.
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Figure 3 Base Case Hotel Building Plan.
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Figure 4 Base Case Hotel Building Model.
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Figure 5 Chart comparing the potential of installing solar panels on a total shade-free roof area.
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Figure 6 Chart comparing the potential of installing solar panels

on half the size of a completely shaded roof area.
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Figure 7 Chart Comparing the installation budget to cover the building's electrical energy use in 1 year.
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Figure 9 Chart comparing the NPV of the installation model for half of the total shaded roof area.

5.2.3 nausziduyan1U9duansvesURuUNMIAARLUUN 3 W3aRAATLUUATOUARNNITIENEII1
Inifiheteranslu 1 U dmsuen1szusns Shape nudn fszewiianAuniniindiuazan IRR (Internal rate of
return vi3edRsWanaULIUAINNSHERLNTNEILLATIRD) wazazmiulddnguuuud 3 didn NPV fiunnndn 0

TngsUuuuiaunfigafe N153191I91A15v 97N JuanLdedld LuBeurTatLaIing? 18 aar aed

a

NPV wi1fiu 554,326 U uagguuuunila NPV deeiigail Aen1531euwuiennnsviniiamile lagide NPV ity

344,326 v lagluguuuui 3 w3 Aasawuuaseuaqunisidenly 1 U dlasenisadan NPV wnndt 0 Tunnnsdl

o

Fevhlrisuuuveglunaeitiamuannndnguuuu 1 way sUuuuil 2 dauanaslugui 10

——  18° === 20° e 25 ° 30 °
554,326
600,000

e w,
400,000 M ‘ﬂ 9

200,000 = 344,326

=
T
3
5 Worth
2 NPv=0 °
= 00000 N NE E SE S sSwW W  NwW
o] Not worth
2 400,000
a
—
5 -600,000
-800,000

DIRECTION AND ANGLE OF ROOF INCLINATION

JUT 10 wnugiivSeuiiey NPV vessusuun1sinaswuunsaungunstdndsnuliiivesenaslu 1 ¥
Figure 10 Chart comparing the NPV of the installation model covering

the building's electrical energy use in 1 year.
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Table 1 Comparative information on the best solar power production potential from each form.

Base Case Hotel Building Base Case Hotel Building
I-shape building L-shape building
Form half Covers Form half Covers
Building Full roof Full roof
of the roof | electrical of the roof | electrical
area area
area usage area usage
Roof area used for
510 255 226 574 287 180
installation (sg.m.)
Solar panel tilt angle 18° 18° 18° 18° 18° 18°
Direction for installing solar
West Southwest | Southwest | Southwest | Southwest | Southwest
panels
Number of solar panels, size
256 128 98 247 124 89
340 watts (Panel)
Solar cell system size (kWp) 80 40 40 80 40 30
Electrical energy produced
from a solar power 110,910 59,420 45,941 106,864 56,450 40,882
generation system (KWh/year)
Reduced carbon footprint
57,749 31,148 27,500 63,753 33,753 24,472
(kg.CO,eq/year)
System investment costs
3,550,000 | 2,344,000 | 1,658,750 | 3,514,000 2,328,000 1,595,750
(baht)
IRR for Off-grid system (%) 6 7 11 5 6 10
NPV for Off-grid system (%) -333,043 77,345 554,326 -560,460 -133,447 373,624
Payback Period (Year) 11.11 10.53 8.60 12.22 11.38 9.42
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Table 2 Results of the best form of solar energy production potential from both types of Base Case

hotel.
Building I-shape building L-shape building

Roof shape Gable roof Hip roof
Solar panel tilt angle 18° 18°
Direction for installing solar panels Southwest Southwest
Number of solar panels, size 340 watts (Panel) 98 89
IRR for Off-grid system (%) 11 10
NPV for Off-grid system (baht) 554,326 373,624
Payback Period (Year) 8.60 9.42
System investment costs (baht) 1,658,750.00 1,595,750.00
Electrical energy produced from a solar power
generation system (kWh/year) e weszet
Reduced carbon footprint (kg.CO,eq/year) 27,500.81 24,472.45
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Figure 13 Guidelines for designing small hotel buildings in Nan Province for reduction of carbon footprint.
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Table 3 Guidelines for installing a solar energy system for entrepreneurs who already have a hotel.

Guidelines for installing a solar system for an I-Shape building in various directions

The long side of the building

faces the southeast or northwest.

The long side of the building

faces the south or north.

The long side of the building

faces the southwest or northeast.

The long side of the building

faces the west or east.

7

2]
()

N @

Guidelines for installing a solar system fo

r an L-Shape building in various directions

The long side of the building

faces the south or north.

The long side of the building

faces the northeast or

The long side of the building

faces the east or west.

The long side of the building

faces the southeast or

southwest. northwest.
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