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Abstract: With 27 million tourists every year, the tourism sector in Malaysia has exponential growth, 

by 3% to 5% annually. Due to this growth, the sector has an escalated demand in electricity 
consumption. Tourism accommodations were developed in many islands in Malaysia. Therefore, the 
national grid needs extensive power generation capacity to cater to the demand. Since Malaysia is 
primarily reliant on fossil fuels for generating electricity, fossil fuel depletion issues might threaten the 
reliability of electricity supply. This may lead to future energy scarcity and may affect the sustainability 
of the tourism sector, particularly for islands that have depended on tourism as an economic resource. 
This paper will investigate the potential of adopting photovoltaic (PV) systems for a tourism island in 
order to allow this sector to be resilient in accessing self-sufficient electricity. Langkawi Island, a 

prominent tourism island in Malaysia, has been selected for the case study in order to understand the 
daily energy demand and the potential of installing PV panels to resorts and chalets in the island. The 
study has proven that chalets in Langkawi have the potential to generate electricity from PV with an 
expected monthly saving of 50% and gain an acceptable payback period of 17 years.  
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Introduction 

Electricity demand by the Malaysian tourism sector 

has increased by  about 4.9 % in the past 10 years due 

to the improved standard of living, the effective 

tourism policy and cheap cost of electricity (APEC, 

2013). Despite the recent increase in electricity tariff 
(averaging at 3% to 5%) (TNB, 2016), the national 

electricity consumption continues to increase every 

year, with generation capacity escalating from 336 

MW in 1965 (TNB, 2009; Naidu, 2010)to 30 GW in 

2014 (EIA, 2014). This rapid upward trend has 

resulted in the decision by the Government to control 

energy subsidies by increasing the electricity tariff to 

end-users (Gardner-Stephens, 2013). Consumers who 

use electricity above 300 kWh per month have to bare 

a rebate-reduction in their power bill (TNB, 2016). In 

addition to this situation, the issues of South-China 
Sea Territorial disputes (Buszynski, 2010) and the 

fossil fuel resources depletion (Zittel et al., 2013), 

have created a challenge in fulfilling the growing 

demands of electricity for the nation. 

In the tourism sector, the demands to use 

electricity is crucial for 24 hours per day and Malaysia 

needs a more resilient electricity supply to mitigate 

any future risk of power rationing. Chand et al. (2016) 

reported that 2000 - 8000 kWh of monthly electrical 

energy consumption is consumed by chalet users in 

the tourism sector per year in Malaysia. Despite its 

consumption percentage, use in the tourism sector is 

smaller than that in the residential sector (residential 
sector: 10000 – 15000 kWh/month) (Ahmad & Byrd, 

2012), and meeting its demand is still a challenge to 

the Government since this sector is rapidly growing. 

It is projected that by 2020, the tourists in 

Malaysia will increase to 34 million people and the 

power consumption in the tourism sector will also 

increase up to 128 GWh (Tourism Malaysia, 2016) 

(Figure 1). Therefore, it is significant to study on the 

potential of providing supplementary power supplies 

for the tourism sector, especially in areas like the 

tourism islands. At the moment, there are limited 
studies on the relationships between an increase of 

tourist population and the energy demand. There are 

also no recent studies focusing on the impact of power 

outage on the tourism sector, and the solution to 

overcome the issue of power interruption for tourism 

islands. 
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Figure 1:  Tourist arrivals vs. power consumption (2011 – 2020) 

The issue of power interruption in many 

tourism areas is critical. Many Asian tourism cities 

with high demand of electricity, like Bali, Phuket and 

Mumbai (Hamid & Rashid, 2012; Erviani, 2014) have 

shown that power interruption cannot be prevented if 

there is power-rationing situation. Many studies have 

also proven that it is possible that power supplies will 

be reduced or cut-off due to energy scarcity (BBC, 

2008; Luke,2010;Matthewman & Byrd, 2014). For 

example, the case in Bali has proven that with serious 

electricity deficit, the islanders have been 
experiencing power outages of 1 to 3 hours per month 

more than any other islands in Indonesia (Erviani, 

2014). In Phuket, residents and tourists experienced 

largest power blackout in Thailand’s history in 2013, 

between 2 hours to 8 hours, affecting many local 

businesses and small chalets (Epstein, 2013). In 

Mumbai, there was 9% gap between India’s energy 

requirement and the energy resource available 

resulting in a frequent outage in the tourism hotspots 

(Romero, 2012). For countries that depend on the 

tourism sector for its economy, power interruptions 
need to be avoided. One of the solutions is through 

empowering renewable energy. 

With an insecure supply of energy, there is a 

risk of an inadequate supply of electricity. There is 

apprehension that this situation can affect the tourism 

islands in Malaysia which need stable power supply. 

Tourism island like Langkawi, despite its rapid 

development, still does not have supplementary 

system for backup power supplies in most of the 

chalets (Berita Harian, 2018).  During the event of 

emergencies, like other small tourism islands, these 

chalets will experience blackout. 
Many related issues will occur, especially the 

issues of safety and security, disruption of traffic and 

telecommunications that may affect the tourism 

industry. Therefore, it is important to explore the 

potential of utilising self-sufficient electricity for the 

tourism areas. In this context, the feasible option is to 

introduce an alternative power supply. 

With a significant amount of sunshine, 

Malaysia has immense potential to utilise electricity 

from solar energy. In this paper, the electricity load 

profile of selected chalets in Langkawi will be 

investigated in order to extend the feasibility of using 

roof-mounted solar PV as a supplementary power 

supply. Through Sequential Exploratory Mixed 

Method approaches, various methods have been 

carried out in this research, through: (i) a case study, 

(ii) modelling process, (iii) numerical analysis (load

profile and PV potential analysis) and (iv) cost-benefit
analysis, within the period of 12 months of the

research period.

The Case Study 

Langkawi Island is a marine park located in the state 

of Kedah, Malaysia and lies on the west coast in the 

north of Peninsular Malaysia. For this paper the main 

Langkawi Island will be the focus since most of the 

residents live on it (Asia Development Bank, 2010), 

even though there are 99 cluster islands.  
At the moment, there are almost 60,000 

residents on the main island (Fee et al., 2005; 

Department of Statistics Malaysia, 2010) where 

almost 20% of the locals own private chalets 

(Bhattacharya, 2016). Meanwhile, resorts are owned 

by larger corporations and will not be analysed in this 

paper. Despite the distance of this island from the 

mainland, the entire island has stable electricity 

supply which is powered by fossil-fuel resources from 

Tenaga Nasional Berhad (TNB, 2009).  

However, most of the chalets in the island do 

not have specific supplementary system for backup 
power supplies in the event of emergencies. It is 

contradicting with the other small tourism islands, for 

instance Tioman, Pangkor and Sibu Islands, that have 

hybrid renewable energy supplies (Haris, 2010).  

Power outage issue is not frequent in 

Langkawi. However, when it occurs, it may 

sometimes last for 24 hours, especially in areas near 
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to the beach. During the peak season, Tenaga 

Nasional Berhad received outage complaints for more 

than 3 to 4 times per week due to overloaded power 

issues ( Bhattacharya, 2016; Berita Harian, 2018). 

Efforts need to be made to establish an alternative so 
as to supplement power supplies to these chalets in 

any emergencies.   

Until 2016, there are almost 1000 chalets 

which were operating on the main land (Bhattacharya, 

2016) which demanded high electricity consumptions. 

The case study selected is a typical medium-rate 

chalet in Langkawi, which is preferred by the tourists 

due to its strategic location, accessibility and 

inexpensive rates(Berita Harian, 2018).  

Over 100 chalets have been selected through random 

sampling process for the data collection stage, 
focusing on medium-rate chalets. A prototype chalet 

has been developed through modelling approach that 

has a 3 m x 6 m floor plan, which is built on stilts. 

There is a 3 m x 6 m gable roof and a mansard roof 

for the verandah area. Figure 2 presents the typical 

layout of the chalet. 

(a) Elevation View of a Typical Chalet (b) Floor Plan

Figure 2 (a) and (b): Typical layout of tourism chalet in Langkawi, Malaysia 

From a field survey, it was found that the 

electrical appliances were used from 6 am in the 

morning, but between 8 am to 5 pm, the load profile 

decreased. Less or no people were in the chalet sat this 

time, since most of them are tourists. Extensive 

electricity consumption in the chalets was expected to 

be between 6 to 10 hours at night. Basically, significant 

electrical appliances such as iron, electric kettle and 

television would be used in the morning. Later in the 

day, appliances such as television, hand phone chargers, 

fans or night lamps might be used. The limitation for 

this research was that only chalets without air-

conditioning systems were selected for the study. This 

is to give a clear justification on the power output 

variable since the energy from using air-conditioning 

system is unpredictable and may vary depending on the 

usage and the ambient temperature. Table 1 shows the 

detail. 

Table 1:  Duration of electricity consumption in the chalet 

Time 6 am – 8 am 8 am – 5 pm 5 pm - midnight Midnight– 6 am 

Electrical Appliances Lighting, Iron, Electric 
Kettle and Television 

- Television, Lighting,
Hand Phone Chargers,

Fans 

Television, Lighting, 
Hand Phone Chargers, 
Fans And Night Lamps 

The Load Profile Analysis 

The pattern of load profile in the chalet is identified 

based on the daily electricity consumption used by the 

consumer. This is necessary in order to explore the 

potential of generating electricity from PV panels. 

Table 2 and Figure 3 show the electricity consumption 

pattern based on the types of appliances used in the 

chalet for a given time period of 24 hours (Table 2 

and Figure 3).  
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Table 2:  Daily consumption of electricity for the chalet 

Appliances Standard Load 

(Watts) 

Quantity Daily Average 

usage (h) 

Total Wh/ 

daily 

kWh/ daily 

Lighting 30 5 10 1500 1.5 

Television 100 1 10 1000 1 

Fan 120 1 10 1200 1.2 

Electric Kettle 1400 1 1 1400 1.4 

Iron 1000 1 1 1000 1 

Hand Phone 

Chargers 

35 2 5 350 0.35 

Night Lamp 70 1 8 560 0.56 

TOTAL 7.01 

 

Figure 3:  The daily load profile pattern of electricity for the chalet. 

(*Data is based on Typical Electrical Appliances Used Daily in Chalet). 

From Table 2, it is found that the average 
daily load profile is 7 kWh for one chalet which is 

equivalent to 210 kWh per month. The load profile 

data was collected using digital energy data logger in 
order to identify the electrical energy used over a 

given time period of 24 hours (Table 2 and Figure 3). 

The PV Potential Analysis 

At this stage, the potential of utilising photovoltaic 

panel for the chalet’s roof was investigated. Malaysia 
receives abundant solar radiation every day ranging 

from 4.8 kWh/m2 to 6.1 kWh/m2 per day (Lau et al., 

2010). With the distinctive features of gable roof for 

each chalet and with a pitch roof of less than 30o, the 

efficiency of the solar panels will be 95% (Ahmad & 

Byrd, 2011; 2012;2013) for each chalet. This indicates 

a significant potential of utilising PV panels for the 

chalet.  

For this analysis, it has been assumed that 2 

kWp of panel system is used with an output of 16% 

efficiency and no-shading effect from trees. This 

system is considered economical since the roof area is 

small (3m x 6m) and the electricity consumption is 

only 7 kWh per day (Ahmad & Byrd, 2013).  It is 
estimated that 50% of the roof area of the chalet is 

feasible for the location of PVs ( NREL, 2003; 

MBIPV, 2011).  

The amount of electricity a PV panel can 

produce depends on three factors: (a) the size of the 

panel, (b) the efficiency of the solar cells and (c) the 

amount of sunlight the panel receives (EcoDirect, 

2014). Table 3 shows the calculation for PVs potential 

analysis from the time between 8 am to 6 pm, 

considering all three factors have been met. 
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Table 3:  Solar output based on 2 KW PV power system 

Characteristics of Solar Radiation 2 kW power system 

Time Sun power 

(W/m2)* 

PV system 

efficiency used 
(%)** 

Area of roof (m2) 

(Based from NREL 
guideline)** 

Solar Power 

Rating (Watt/h) 

Solar Power Rating 

(kWh) 

8 180 

0.16 14.8 

426.24 0.4 

9 300 710.4 0.7 

10 500 1184 1.2 

11 780 1847.04 1.8 

12 940 2225.92 2.2 

13 1000 2368 2.4 

14 920 2178.56 2.2 

15 640 1515.52 1.5 

16 400 947.2 0.9 

17 240 568.32 0.6 

18 180 426.24 0.4 

Total Solar Output (kW)/day 14.3 kWh 

*data from Malaysian Meteorological Department (2017)
** basically, to generate 2,000 (2 kw) from a 16%-efficient system, 14.8 of roof area is needed respectively (NREL, 2003).

It was found that by installing 2 kWp PV 

system,14.3 kWh of electricity per day could be 

produced, which is equivalent to 420 kWh of 

electricity per month. This is 100% more than the 

actual electricity consumption in the chalet. However, 

this is dependent on the sky condition and the weather 

for the month.  

Figure 4: The PV Energy Output vs The Load Profile of the Chalet 

Figure 4 shows the correlation between the 

patterns of electricity output for a 2 kWp PV system with 
the chalet’s energy demand. The grey curve (dotted line) 
represents a load from 2 kW PV system and the black curve 
(straight line) represents the load profile of the chalet. 

From Figure 4, it can be seen that the amount of 
energy generated from PV panels is 2/3rd greater than the 
chalet’s total demand during the day time. During the day (8 
am to 6 pm), the chalet would only consume 1/3rd of the 

overall electricity produces from PV panels. The results 
show the considerable potential of solar energy for the 
chalet where the energy could be used for the chalet during 
the day or stored in batteries for later usage. Since the 
electricity consumption for the chalet is only 7 kWh per 
day, the excess of electricity gained from PV panels (14.4 
kWh – 7 kWh = 7.3 kWh) can be stored into the battery for 

future consumption or feed-back to the grid using a hybrid 

system. 

The Cost-Benefit Analysis 

The cost-benefit analysis is necessary in identifying 
the feasibility of the system in reducing monthly 

electricity bills and in determining the return of 

investment (ROI) for installing a PV system onto the 

chalet. Table 4 shows the monthly electricity bill for a 

chalet, which has used 210 kWh electricity per month 

(data is taken from Table 2 = 7 kW x 30 days). 
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Table 4:Actual Expenses for Monthly Electricity Bill (For 1 Chalet). 

Electricity unit in Malaysia 

(Based on TNB) 

Malaysia’s Electricity 

tariff (From 

TNB)/MYR 

Maximum 

Consumption (kW) 

Amount (MYR) 

First 200 units (0-200):x 0.218 200 43.60 

Next 10 units (201-210) 0.334 10 3.34 

Total Bill/Month (MYR)  46.94 

Based on Table 4, it is proven that with the 

installation of 2 kW PV panels, the electricity bills 

can be reduced to 100%. This is based on the 420 

kWh of electricity per month generated from PVs 

(refer Table 3), which basically is more than the 

consumption. However, since solar radiation is not 
constant for every hour, the chalet would need to 

import electricity from TNB at times when there is 

insufficient solar energy. This is considering that the 

PVs do not supply the chalet electricity demand over a 

24-hourperiod.  

In order to make PVs financially attractive, 

the surplus electricity needs to be sold to the 

Government through a scheme provided for example 

Net Energy Metering (NEM) scheme (SEDA, 2017), 

to be exported to the grid. Under this new scheme, 

any surplus electricity generated from PVs will be 
exported and will be paid at the prevailing Displaced 

Cost, as fixed by the Malaysia Energy Commission 

(SEDA, 2017). For a chalet to be able to have a 

balance between imported and exported electricity, 

the ratio of electricity generated should be 1:1 to 

energy consumed (Ahmad & Byrd, 2011). However, 

in consideration of financial advantages, the required 

capacity of PV system should be less than 2 kWp 

system. More capacity than this will incur more 
expenses on the PVs. This would not provide profit to 

the chalet owner. 

In terms of Return of Investment (ROI) for 

installing the cost, it is known that the cost of 

installing a PV panel is lower. MBIPV (2011) 

reported that in 2005 the price for 1 kWp was RM 

31,000 but in 2010 it was RM 19,120.00 per kWp. In 

2017, the price has reduced gradually to RM 5,000 per 

kWp (SolarNRJ, 2017). It is projected that in 2020, 

the price will continue to reduce by 10% 

(Muhammad-Sukki et al., 2011). With an assumption 
that there is no interest during the process of installing 

PV systems (e.g PVs are bought using own money), a 

simple payback period is shown in Table 5. 

Table 5: Return of Investment (ROI) 

ITEM 2 kWp (MYR) 

(a) Installation Cost (MYR)*(price on 2017) 10,000.00 

(b) Saving on electricity bill
MYR 46.94 x 12 months

563.28 

(c) Revenue from Net Energy Metering (NEM) tariff (price formula from SEDA)
Net Billing = [Energy consumed x Gazetted Tariff] – [Energy exported x Displaced  Cost]

= (210 kWh x RM 0.21) – (210 x RM 0.20) = RM 44.10 – RM 42.00 = RM 2.10

= MYR 2.10 x 12 months

25.20 

(d) Payback period (Year)
Installation Cost (RM)  = RM 10,000 / RM 588.48 

Total revenue (RM) (annually)
17 years 

* data from Malaysia  Bosch solar energy (bosch energy, 2010) 

From Table 5, it is found that the payback 

period for installing 2 kW PV system is 17 years. 

However, in order to allow a more feasible payback 

period, the PV panel system can be shared by 2 or 3 

chalets since the electricity consumption for one 

chalet is half the electricity produced by PVs. The 

result highlights the importance of the Government or 

Non-Governmental Organisations (NGOs) have a 

pivotal role  

to play in providing a suitable financial scheme or 

subsidy to attract chalet owners to install a solar PV 

system since MYR 10,000 is still considered huge for 

many chalet owners. The examples can be seen from 

many countries that have provided support through 

RE financial subsidies in order to encourage locals to 

install PV systems (Dei et al., 2010; Kabir et al., 

2010)
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Conclusion 

This study has looked into the supply and demand of 

electricity for Malaysian tourism chalets in order to 

justify that there is a significant relationship of 
providing electricity from solar energy as a source to 

supplement the demand for electricity and 

sustainable tourism accommodations. Chalets in 

Malaysia have the potential to generate electricity 

from PVs where the surplus electricity can be sold to 

the national grid through a suitable scheme known as 

Net Energy Metering (NEM). In addition, chalets can 

reduce their monthly electricity bills to 50% and 

receive an acceptable payback period of 17 years. It 

also signifies that the tourism industry in Malaysia 

can be sustained if self-sufficient electricity supply 

can be made available. However, it will depend on 
the number of chalets that are keen to install the PV 

system and the engagement of the chalet owners. The 

Government of Malaysia also needs to be proactive 

in helping the tourism stakeholders to be involved in 

solar electricity generation. Many strategies need to 

be to be put in place so as to encourage them to 

install this technology, for example providing 

financial aids and suitable solar subsidies. 
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