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Abstract – In pursue of energy-efficient alternative 
water heating options, a SWOT-AHP analysis was 
accomplished for Solar Water Heater (SWH) and Heat 
Pumps (HP) against instantaneous water heaters 
(IWH). The results show that the energy consumption 
and bills saving are dominant in strength of both HP 
and SWH. Financial and technological aspects seem to 
play a relatively significant role. Additionally, HP and 
SWH are more convenient for the energy consumption 
in water heating technology in hotel sector of Thailand. 
Finally, we can say that HP and SWH are more 
convenient for water heating system as compare to 
IWH.   
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1. Introduction

Thailand's Electricity Generation Authority 
(EGAT) covers 31% of electricity production, 27% 
of Independent Power Producers (IPP), 24% of Small 
Power Producers (SPP), Relatively Small Power 
Producers (VSPP) and 13% of electricity imported 
from other nations in 2018 [1]. In January 2016, the 
gross electricity generation capacity in Thailand was 
39,756.45 Mega-Watt (M.W.) Around 70 percent of 
Thailand's electricity is produced from natural gas 
[2]. In recent years, the use of electricity in Thailand 
has continuously increased. In 2015, the country's 
overall usage 179,803 gigawatt-hours (GWh) viz. 
industrial sector (76,914 GWh, 42.4 percent), the 
commercial sector (61,446 GWh, 33.9 percent) and 
the residential sector (41,443 GWh, 22.8 percent), 
rising by 2.6%, compared with the previous year [3]. 
Hotels make up for a large 10 percent share of the 
electricity consumption of the commercial sector, 
which is one of the main areas of national electricity 
consumption [4]. There are 5,420 hotels in Thailand, 
based on study by Mahidol University in 2010. One 
third (1,603) of all hotels are resort hotels. It leaps 
into double in the present as the number of tourists 
grows in extraordinary amount during the last 
decade. The Thailand Tourism Authority announced 
that Thailand has earned about THB 2,000 million a 
year since 2014, raising the overall Thai economy by 
2.8 percent in tourism revenues, ranking it the 10th 
highest source of revenue [5]. In hotels and 
restaurants, which rose by 14 percent, the fastest 
growth was observed. The number of inbound 
visitors was 29.9 million people, a 20.4 percent rise. 
Tourism revenue amounted to 1,523.6 billion baht, a 
22 percent rise. The rate of retaliation occupancy 
peaked at 61.7 percent [6]. The hotel & restaurant 
industry has been reported to account for 3%-4% of 
the country's GDP between 2000 and 2015. The 
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contribution of hotels and restaurants rose to 5% in 
2016 and 2017. High growth rates in the tourism 
sector have resulted in substantial investments in the 
hotel industry in the region. As a result, energy 
demand rose by 5.08 per cent relative to the previous 
year [7]. This was driven by Chinese tourists who 
visited charter flights or low-cost airlines, as well as 
by Malaysian tourists who usually travel with their 
own cars. In addition, the fall in gasoline prices has 
boosted domestic travel. Tourism thus is the key 
force driving within the continuous development of 
the national economy and offsetting the fall in export 
revenues. In order to promote the expansion of 
tourism, which is the key engine of the Thai 
economy, the government and EGAT have to 
facilitate the growth and production of electricity 
generation capacity. On the other hand, one of the 
strategies for renewable energy growth is the 
elimination of excessive power use by the usage of 
alternative technology instead of old, obsolete 
technologies. 

 
1.1. Instantaneous Water Heater (IWH) 
 

Instant water heaters (IWH) are commonly used in 
household, resort, and hotel industries to produce hot 
water. IWH is used to produce water heating for 
everyday usage in Thailand, a tourism-based nation 
with several hotels for commercial purposes. As this 
technique is a water heater of demand form, it 
ensures that water is only heated as request; hot 
water is not retained for potential usage. With 
electricity of about 3.5-4.5 kilowatts (KW) [4], IWH 
raises large energy usage and generates high amounts 
of greenhouse gas emissions [8]. It involves several 
elements to heat the water to validate immediate hot 
water movement, making it complicated to build and 
expensive. Cold water reaches the heater if hot water 
is required in hotels, heated by three electrical 
resistive sections. The temperature rises subsequently 
as water flows over each area, giving the third system 
the required temperature for problematic use. The 
control board of the microprocessor adjusts the 
amount of energy used to heat the water at the 
temperature pre-set by the consumer. Since large 
volumes of hot water are absorbed in hotels at a 
given period, the instantaneous water heating device 
consumes a tremendous amount of energy [9]. To 
reduce the considerable amount of energy, 
greenhouse gas emission, and costing, the alternative 
water heating options Solar Water Heater (SWH) and 
Heat Pump (HP) have the ability to reduce energy 
usage by 2.4 to 4 times [10], [11]. The 
environmentalists are endeavoring to focus on the 
rational service of energy by offering the best benefit 
to maintaining environmental sustainability.  

 

1.2. Alternative Heating solutions  
 

Solar water heating (SWH) systems are a 
commonly accepted advantage of green technologies 
that can minimize the amount of electrical resources 
required for water heating. The SWH device 
produces end-use electricity savings of 12-20% of 
the gross electrical energy usage in Canada and 
Tunisia [12], although it can save roughly 50-85% in 
the USA [13]. Alternatively, the SWH promoted a 
major reduction of up to 70 percent in power peak 
demand for electricity [14]. These systems have 
achieved remarkable results in saving energy in 
many countries. The heat pump devices, utilizing 
general sources such as air, water, and dirt, heat the 
water. These devices will have the consequence of 
dramatically changing the curve of the energy load 
and reducing power peaks in comparison to electrical 
systems [15]. 

Alternative water heating solutions, SWH and heat 
pump devices, are the alternative to the 
environmental effects of fossil-based fuel usage that 
has become a current issue. SWH and the heat pump 
have been able to greatly decrease greenhouse gas 
emissions of CO2 [16]. Li et al. [17] found that a 1 
m2 SWH collector region would decrease 
approximately 200 kg of CO2 emissions or it will 
save 67-70 percent of CO2 emissions relative to a 
traditional device. By changing water heating 
systems, CO2 emissions in Oman and Lebanon have 
been lowered by about 1.2 and 0.3 million tons each 
year, respectively [18]. In Asia, such as Taiwan and 
Korea, the ability to minimize CO2 pollution could 
reach 5.2 and 186 tons, respectively, by changing 
water heating technologies [19]. 

It should be instead of the previously described 
lower electric power such as SWH or heat pump. As 
energy bill saves, both alternate water heater systems 
are more appealing [18]. It has shown strong energy 
bill savings by the usage of these devices, such as in 
China, Tunisia and Taiwan. Although in South 
Africa, the power bill will hit 30 percent monthly 
savings from the usage of energy-backed SWH, and 
47 percent in Brazil [20], [21]. In the U.S., after 
modifying water heating technology, a household 
will save $100-$300 in energy costs each year [22]. 
In Greece, the latest energy conservation software for 
the water heater device would reduce the power bill 
for thousands of customers [23]. The nation has 
saved millions of dollars in Lebanon by eliminating 
the expense of modern power stations and reducing 
the immense energy bill for the user [24]. Although 
SWH and heat pump investment costs are obviously 
large, their electric power is very low. The PP for 
SWH was found to be 7 years and for HP is very 
remarkable in Thailand from an economic study of 
water heating technologies for around 1 year [10]. 
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With the quick payback time, buyer preference may 
be inspired by it. 

Yet there are still several disadvantages of 
Substitute Water Heaters. Although the alternate 
water heating technology for energy saving is the 
SWH and heat pump, they are not commonly utilized 
because of the high cost of investment [25]. Due to 
the incredibly high cost of capital relative to 
traditional hot water heaters, the amount of their 
installations is reduced. It tends to be the most 
significant barrier to investment determination. 
SWH's funding expenses are 50-60% more than 
IWH's [26]. The electronic water heater is almost 4 
times cheaper than the heat pump [27]. It is 
complicated in the case of HP installation and 
requires a qualified professional; requires a 
condensate drain and frequent cleaning of air filters; 
cools and dehumidifies the room. The SWH solar 
monitoring device causes issues with operation and 
maintenance. 

 
1.3. Strategy to Tackle Impediments 

 
As stated before, the initial cost of the SWHs and 

HPs is far higher than the old water heating 
technologies, which makes it difficult to make an 
investment decision, especially the low-income hotel. 
One of the most significant variables for selection is 
government financial assistance [28]. To attract 
consumers, the financial assistance of government 
entities in terms of subsidies is deemed appropriate. 
In several nations, such as Germany, Austria, 
Sweden, Australia and the Netherlands, a subsidy 
program for alternate water heating technologies is 
being promoted. There are also several ventures for 
the government of Thailand to boost their 
investment. Next the revolving fund of ESCO (Grid 
Distribution Company) comes under the Ministry of 
Energy's Department of Renewable Energy 
Production and Performance (DEDE). The 1st ESCO 
fund discovered that there were 2 ventures requiring 
improvements in water heating technology. The 1st 
ESCO fund had a corpus of 13 million euros. 
Conservative renewable and green energy ventures 
added EUR 128 million to the investment, which will 
save EUR 18 million for all programs. The 
performance of the 1st ESCO also helped press for 
expenditure in the private sector. The loan is indeed 
an incentive policy, not only a subsidy system. There 
is a soft-term loan from the government of India to 
enable hotel owners utilize alternative technologies 
for water heating [29]. Thailand still has a number of 
lending programs. The 'Circulating Fund' is one of 
the loans run by DEDE in Thailand to finance energy 
use by 11 financial institutions. The Thailand 
Investment Board (BOI) is one of the initiatives for 
established entrepreneurs to encourage investment. In 

addition, the Thai government set up the "Cost Base" 
initiative in 2012 to enable citizens to use high 
efficiency electrical appliances. 

 
1.4. Contribute to Policy Targets 

 
Switching to SWH or a heat pump will reduce the 

tremendous electricity use that enables an energy 
schedule that is renewable. Thailand does not have a 
direct proposal for a transition in water heating 
technologies. As part of the guiding force towards 
achieving the Sustainable Energy Development Plan 
(REDP) under the Department of Alternative Energy 
Development and Performance (DEDE), SWH is one 
of the renewable energy technologies. In 15 years, 
REDP plans to grow green energy as primary energy 
for Thailand; by 2022, renewable energy would have 
to be used as 20.3% of overall energy [30]. 

While Thailand is a non-Annex I nation that is not 
dedicated to lowering greenhouse gas emissions, 
Thailand is able to help Annex I countries by selling 
carbon credits under the Thailand Greenhouse Gas 
Management Organization (TGO) Clean 
Development Mechanism (CDM). Under the CDM 
programme, the latest water heating technologies 
may be the target of Single Project Category 3 
Energy Demands. At high levels, the hotel industry 
may reduce GHG emissions, especially large hotels 
that need a high volume of hot water. The evolving 
technology often profits from entering the CDM 
project and as current 1.90 percent of world data, 
growing Thailand's carbon credit sales [31]. 

In Thailand, there is a void in the expertise of 
technicians and handlers that can be a significant 
restriction to their preference. A large percentage of 
device failure was noticed immediately after SWH 
implementation. SWH and HP introduced their 
operation in Thailand 25 and 18 years ago, 
respectively, and yet they are not the widespread 
focus of customers. 

Considering the above mentioned merits and 
demerits of water heating systems, the present 
investigation was taken to SWOT-AHP analysis on 
Solar Water Heater (SWH) and Heat Pump (HP) for 
the alternation of Instantaneous Water Heater (IWT) 
in hotel sector of Thailand. 

 
2. Methods  
 

We have conducted comprehensive literature in 
this research, which is a straightforward three-step 
method. Firstly, through literature review and expert 
interviews, we defined factors. Later, these factors 
were grouped into four SWOT-categories: Strength, 
Weakness, Opportunity and Threat. Secondly, 
collected factors had been weighed to identify the 
three most significant factors per SWOT group in 
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each technology. Finally, a pairwise comparison of 
the factors by face to face interview and 
questionnaires was made to facilitate SWOT-AHP 
analysis. A comprehensive analysis of the literature 
review has established these identified factors under 
the Social Sciences Citation Index (SSCI) and the 
Science Citation Index Extended (SCI-EXPANDED) 
of the Web of Science Core Collection, which is a 
widely used website for studies. [32]. The prime 
points were taken into consideration to do this study 
for literature review were, and we identified a 
combination of following keywords: (resident* AND 
water) OR (water AND heat*) OR (Instantaneous 
AND water AND heat*). Next, the parameters for the 
quest are in English and released between 2006 and 
2015 (Date search is November 2015). The resulting 
publications are 3,271. All publications were 
curtained again. The publications were chosen for 
975 publications in Finance, Electricity Fuel, 
Environmental Engineering, Environmental Sciences 
and Environmental Studies. After that, they were 
evaluated by the title of the source, which allowed 
701 publications. Finally, they were sorted based on 
the abstracts and titles. We considered 62 related full 
texts.  For factor selection, all 62 full texts have been 
analyzed in-depth (Figure 1).  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. Flow chart of factor identification 
 
Meanwhile, the conversation with specialists 

means that we do not skip any important variables. 
Experts are politicians, hoteliers, water heater 
companies and academia. They have adequate basic 
knowledge of Thailand, and all experts are Thai. As a 
consequence, their aspect linked to the situation in 
Thailand. The details can explain all aspects. 

All factors were distinguished into four categories 
followed by a standard SWOT analysis: strengths, 
weaknesses, opportunities and threats. They were 
classified by some additional references to previous 
researches and experts’ interview. Then, weighting 
each factor by important score. The three most 

essential factors per category were selected by 
weighting for representation in each group and each 
water heater technologies.  

The hotel owners or managers in Southern/ 
Northern/ North-East and Central of Thailand were 
asked to make a pairwise comparison and weighting 
of the SWOT factors by face to face interview and 
questionnaires depending on water heater technology 
in that hotel. The comparison among all factors 
within a category is between the 4 SWOT categories 
are based on 9 point ranking as recommended by 
Saaty [33]. Each hotel had to make 18 pairwise 
comparisons in total. The integration between the 
AHP and SWOT analysis adjusts the accurate value 
of systematic priority ranking of factors. SWOT 
analyses are quantitative, not quality data. When 
hierarchic structure for AHP is chosen, which 
includes a goal making, an optimal decision on the 
most appropriate alternative could be. The SWOT-
AHP analysis is followed by three methods [34]:  

 

1) ‘local factor priority’ by comparison between the 
factors in the same category of SWOT; 

2) ‘group priority’ by comparison between the 
categories of SWOT; 

3) ‘global factor priority’ by multiplying the ‘local 
factor priority’ and the respective ‘group 
priority’. 

4) Each factor calculation is in between 0 – 1, based 
on the eigenvalue method.  

 

The core concept of using the AHP inside the 
SWOT frame is to consistently test the SWOT 
variables to make them observable in terms of their 
weightiness [35]. The AHP structure results from the 
SWOT matrix in this analysis and is isolated and the 
SWOT structure's hierarchical representation is 
shown in Figure 2. 

 

 
 
 
 
 
 
 

 

 
 

Figure 2. Hierarchical structure of the SWOT matrix 
 

3. Results 
 

We explored the findings of the SWOT-AHP study 
of various water heating technologies in Thailand. A 
collection of 33 variables was established based on 
the review of 62 research articles and 10 expert 
interviews. These considerations were organized 
according to a SWOT system for each of the 
technologies considered. Only the three most 
relevant factors per group were considered in order to 
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promote more processing of the SWOT analysis 
using AHP. The three most significant considerations 
were chosen on the basis of expert interviews and 
literature review (i.e. frequency of occurrence in 
scientific papers).  

 
3.1. Instantaneous Water Heaters (IWH) 

 

In the hotel owner assessments of instantaneous 
water heaters, the positive factors, i.e. strengths and 
opportunities, clearly dominate. In the overall 
assessment, all six positive factors get better rankings 
than the six negative factors. Easy installation [S2] 
and low initial costs [S1] are considered most 
important, followed by easy availability / variety of 
buying channels [O2]. Safety issues [W2] are 

considered the most relevant weakness, followed by 
the high electricity consumption of such devices 
[W1]. Threats like financial support for alternative 
technologies or increasing awareness about energy  
efficiency are not considered to be of any significant 
relevance. Judging from the assessments made by 
hotel owners who adopt IWH, this technology seems 
to be solidified. Adopters are quite convinced by the 
technology, given the strong dominance of positive 
external and internal factors over negative factors. 
Thus, from their perspective it seems be a difficult 
task to push IWHs out of the market without firm 
policy measures.  

 

 
Table 1. SWOT-AHP results for Instantaneous Water Heaters (n=11) 
 

SWOT factor Local priority Global priority 
Strengths [Priority = 0.44]     
     S1 : Low initial cost 0.36 (2.) 0.158 (2.) 
     S2 : Easy installation** 0.43 (1.) 0.187 (1.) 
     S3 : Little space required 0.21 (3.) 0.091 (5.) 
Weaknesses [Priority = 0.14]     
     W1 : High electricity consumption and bills 0.33 (2.) 0.045 (8.) 
     W2 : Safety problem* 0.57 (1.) 0.078 (7.) 
     W3 : CO2/GHG emission 0.10 (3.) 0.014 (12.) 
Opportunities [Priority = 0.35]     
     O1 : Widespread in Thailand 0.23 (3.) 0.080 (6.) 
     O2 : Variety of buying channels* 0.43 (1.) 0.150 (3.) 
     O3 : Variety of price ranges and quality 0.34 (2.) 0.120 (4.) 
Threats [Priority = 0.08]     
     T1 : Financial support for alternative technologies 0.21 (3.) 0.016 (11.) 
     T2 : Increasing awareness about energy efficiency* 0.44 (1.) 0.034 (9.) 
     T3 : Mandatory policy plans for reducing energy consumption 0.36 (2.) 0.028 (10.) 
 

  * Factor with highest local priority in respective SWOT group      
** Factor with highest local and global priority 
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. SWOT-AHP results for Instantaneous Water 
Heaters (n=11) 

 
 
 
 

3.2. Heat Pumps 
 

In the ranking of heat pump SWOT factors we 
observe that the importance of categories is well 
balanced; strengths and threats receive the highest 
ranking (p=0.29), followed by weaknesses (p=0.25) 
and opportunities (p=0.16).  The crucial SWOT 
factors are the relatively low energy consumption 
[S1], the lack of respective knowledge among 
installers [T1] and the high initial costs [W1]. These 
factors receive by far the highest rankings, and 
therefore should be in the center of attention when it 
comes to developing strategies for heat pump 
diffusion. It has to be noted that, other than in the 
analysis for IWHs, two of the three most important 
factors are from negative categories.  

However, like in the assessments for IWH – which 
were made by different respondents – factors related 
to environmental and sustainability issues – i.e. low 
GHG emissions, contribution to environmental 
policy targets and the need for refrigerants – receive 
the lowest rankings.  
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Table 2. SWOT-AHP results for Heat Pumps (n=9) 
 

SWOT factor Local priority Global priority 
Strengths [Priority = 0.29]     
     S1 : Energy consumption and bills saving** 0.64 (1.) 0.188 (1.) 
     S2 : CO2/GHG emission reduction 0.10 (3.) 0.030 (12.) 
     S3 : Cool air as by-product 0.26 (2.) 0.076 (4.) 
Weaknesses [Priority = 0.25]     
     W1 : High initial cost* 0.53 (1.) 0.135 (3.) 
     W2 : Refrigerant needed 0.19 (3.) 0.048 (10.) 
     W3 : Complicated installation 0.28 (2.) 0.071 (6.) 
Opportunities [Priority = 0.16]     
     O1 : Financial support by government* 0.46 (1.) 0.074 (5.) 
     O2 : Contribute to policy targets 0.23 (3.) 0.036 (11.) 
     O3 : Benefit from CDM 0.31 (2.) 0.049 (8.) 
Threats [Priority = 0.29]     
     T1 : Lack of knowledge on technology among installers* 0.60 (1.) 0.174 (2.) 
     T2 : Not widespread in Thailand 0.17 (3.) 0.049 (8.) 
     T3 : No user awareness about technology 0.23 (2.) 0.068 (7.) 
 

  * Factor with highest local priority in respective SWOT group      
** Factor with highest local and global priority 
 

 
3.3. Solar Water Heaters (SWH) 
 

We found the importance of categories were well-
adjusted in the level of solar water heaters SWOT 
factors, while the strengths obtained the top ranking 
(p=0.65), as followed by threats (p=0.16), 
weaknesses (p=0.11) and opportunities (p=0.08).  
The key SWOT factors are the significantly energy 
consumption and bills saving [S1], the lack of 
knowledge on technology among installers [T1] and 
the need back-up heating system [W3] because of 
seasonal trend of Thailand (especially raining season 
in Southern Thailand). These factors are accepted by 
the maximum rankings, and therefore should be 
focused of consideration when it moves toward to 
developing strategies for solar water heaters flow. It 
noted that, in the SWH analysis, two of the three 
most significant factors are from negative categories. 
On the other hand, the SWH assessments were done 
by not the same respondents. 

 
 

The factors involved to sustainability as well as the 
environmental issues i.e. reduce GHG emissions, 
installation depend on building characteristic, benefit 
from CDM contribution and not widespread in 
Thailand were obtained in the lowest rankings.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5. SWOT-AHP results for solar water heaters 

(n=8) – to be replaced after n has been increased 
 
 

 

Figure 4. SWOT-AHP results for Heat Pumps (n=9) 
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Table 3. SWOT-AHP results for solar water heaters (n=8) 
 

SWOT factor Local priority Global priority 
Strengths [Priority = 0.65]     
     S1 : Energy consumption and bills saving** 0.63 (1.) 0.295 (1.) 
     S2 : CO2/GHG emission reduction 0.18 (3.) 0.085 (5.) 
     S3 : Short payback period 0.19 (2.) 0.089 (4.) 
Weaknesses [Priority = 0.11]     
     W1 : High initial cost* 0.35 (2.) 0.045 (8.) 
     W2 : Installation depend on building characteristic 0.08 (3.) 0.010 (12.) 
     W3 : Need back-up heating system* 0.57 (1.) 0.074 (6.) 
Opportunities [Priority = 0.08]     
     O1 : Financial support by government* 0.41 (1.) 0.055 (7.) 
     O2 : Contribute to policy targets 0.33 (2.) 0.045 (8.) 
     O3 : Benefit from CDM 0.26 (3.) 0.035 (11.) 
Threats [Priority = 0.16]     
     T1 : Lack of knowledge on technology among installers* 0.48 (1.) 0.127 (2.) 
     T2 : Not widespread in Thailand 0.17 (3.) 0.045 (8.) 
     T3 : No user awareness about technology 0.35 (2.) 0.094 (3.) 
  

 * Factor with highest local priority in respective SWOT group      
** Factor with highest local and global priority 

 
4. Discussion 
 

We found a positive factor of IWH was an easy 
installation by local and global priority in SWOT-
AHP analysis. Similarly, low initial cost and little 
space required were beneficial aspect for IWS in 
boarding house area in Thailand. This indigenous 
system had several opportunities variety of buying 
channels, variety of price ranges and quality 
including widespread of the country. However, the 
SWOT-AHP analysis of IWH focused on safety 
problem as a main weakness. Moreover, it boosted a 
significant amount of power consumption [36], [37], 
[38] and emitted substantial greenhouse gases which 
are responsible for global warming. Taborianski & 
Prado [39] discovered that through the emission of 
greenhouse gases that occur during the generation of 
electric power for the manufacture of components of 
this device, the IWH water heating systems will 
pollute the atmosphere. The findings also found that 
the electrical showerhead absorbs the most electrical 
resources for the adopted criteria and releases the 
most toxins over its life cycle. Increasing awareness 
about energy efficiency was great challenge of IHW 
in the SWOT-AHP analysis. This was very tough to 
overcome due to IHW consume huge energy. On the 
other hand, The SOWT-AHP analysis in response to 
HP was found three strengths namely energy 
consumption and bills saving, short payback period 
and reduction of greenhouse gas. Furthermore, we 
observed some opportunities as well. These strengths 
and opportunities factors may be the beneficial to the 
users. For example, compared to conventional 
electric water heaters, 70 percent of the energy could 
be saved by heat pump water heaters in China [40]. 
The benefit of utilizing heat-source-tower heat 
pumps in hot summer and cold winter zones and 
considered that they were ideal for usage in hotels 
and office buildings [41]. The USA noticed that  

 
electrical energy used by the land source heat pump 
was 53 percent smaller than the industry as normal 
(BAU). Heat pump devices in the UK are used as 
possible low-carbon heating systems for the future. 
New water heating systems in Japan will prevent the 
release of 12.5% of CO2 [42]. Approximately 36 
percent of the Chinese group (n=579) were 
concerned with environmental conservation, which is 
the most significant explanation for the shift in water 
heating technology in China [43]. It is claimed that 
the new generation of heat pump water heaters (HP) 
has efficiencies that are at least twice that of 
traditional electric water heaters in the United States. 
Accordingly, the electrical market for HP currently 
operational is usually one-half that of traditional 
electric water heaters which thus decreases the 
environmental effect of reducing greenhouse 
emissions relative to conventional electric water 
heaters [44]. But this water heating system had 
definite weaknesses and threats that was the key 
point for the adoption of HP water heating system. 
Predominantly, the high initial cost was found to be 
the basic weakness as well as complicated 
installation and refrigerant needed that made the 
adopter apathetic to use this heating system at all. 
Even though, SOWT-AHP analysis focuses on the 
empirical threats of water heating system HP. 
Besides, policy plans for reducing energy 
consumption are also involved in threats of HP. The 
policy for reducing energy consumption requires   the 
implementation which is not an easy tax in a day. It 
is supposed to be required a long time for adoption in 
root level.  

In the present research SOWT-AHP analysis on 
SWH, we found a significant strength that SWH can 
decrease the energy consumption and bills saving. 
The SWH device produces end-use electricity 
savings of 12 to 20 percent of the gross electrical 
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energy usage in Canada and Tunisia [45] while it can 
save approximately 50–85% in USA [46]. A major 
reduction in the power peak demand for energy by up 
to 70% was encouraged by the SWH. Using SWH in 
all provinces of Oman, for example, will save up to 
1,859 GWh of electrical energy annually [47]. In 
Malaysia, an average of 2108 kWh of power can be 
saved by the implementation of the SWH [48]. The 
SWH device is often used in the household sector, as 
energy savings per household in the South will hit 
130 kWh per month. Again, the use of SWH has 
clear environmental consequences that will minimize 
the oil equivalent of 71,907 liters each year [49]. In 
SOWT-AHP analysis, we found some opportunities 
factors for SWH mainly financial support by 
government, benefit from CDM and contribute to 
policy targets. SWH has trivial factors on weaknesses 
and threats as well that were generally high initial 
cost and lack of knowledge on technology among 
installers. Sometimes, SWH need back-up heating 
system that involves extra financial monetary which 
creates burden to the consumers. It has also 
limitation on installation which depends on building 
characteristic. SWH did not widespread in Thailand 
that is also a threat to its prosperity. However, the 
SOWT-AHP analysis on the water heating system on 
HP, SWH along with IWH states a clear and 
informative knowledge that helps to the hotel 
owners, policy makers and also governmental 
authority for taking a decision making in water 
heating system in hotel sector in Thailand.  
 
5. Conclusion and Policy Implications  
 

Thailand's hot water system worth, seldom stated 
or quantified, is nearly 3,000 million Baht per year. 
Hotel area is the most significant hot water 
consuming sector due to Thailand is a tourist-based 
country at all. Therefore, the IWH is widely used in 
this particular sector frequently as for daily use. Due 
to excess energy consumption and also produce CO2 

the greenhouse gas by IWH.  Considering these facts, 
the present investigation was done to analysis 
SOWT-AHP for the alternate water heating system 
HP and SWH. In our research, the degree of 
importance or desirability for these strategic options 
is focused on the evaluation of its partnership with 
SWOT factors as parameters. The results revealed 
that all the three water heating system have 
significant strength, opportunities, weaknesses and 
threats in response to local and global priority. The 
findings of our study demonstrate that the 
instantaneous water heater (IWH) substituted by the 
alternate water heating technologies HP and SWH 
are largely reliant on external consumer influences. 
Assuming that it is feasible to address the key 
external obstacles, the experts consulted see great 
promise for alternative water heating technologies. 

Basically, there appears to be a challenge with 
financial funding for alternative technology in the 
IWH scheme. However, some improvements are 
required at the present stage of water heating systems 
in Thailand's hotel sector to reduce energy, 
environmental and safety issues. The experts also 
gave preference to the technical expertise of both HP 
and SWH installers. These two alternative water 
heating system have significant strength to fulfill the 
less energy consumption and bills saving as well as it 
cool air by product. Moreover, the financial support 
by government is an opportunity for these two-
alternative systems. However, to the degree that no 
room is left for personalized preparation, a strategy 
of optimizing organizational productivity should not 
be followed. Experience can decide in practice the 
right mix of goals.  

To conclude, policy maker, political and technical 
impulses are still necessary in order to make the 
water heating system more convenient as it is the 
huge source of using energy in Thailand. 
Consequently, in the mid-term utilization it is 
unexpected to increase significantly in water heating 
system. In the long-term, however, the need to 
optimize the utilization of the HPs and SWHs are 
very likely to become established in hotel sector. It 
brings significant component of the energy system. 
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