
Proceedings of 8th International Research Conference, KDU, Published November 2015 

 

134 

 

Modelling of Energy Utilization of Tourism Industry to have an Insight of 
the Existing Electricity Generation Plan of Sri Lanka 

 
KN Amarawardhana 

131, Pamunuwa Road, Maharagama, Sri Lanka 
kumudu_wa@yahoo.com 

 

 
Abstract— Tourism industry in Sri Lanka shares a 
substantial amount of GDP (Gross Domestic Product) and 
predicts an immense expansion within a short time frame. 
Owing to its energy intensiveness and competitiveness, a 
scrutiny in the energy utilization and the related impact 
on the environment is crucial. Furthermore, trend towards 
ecotourism forces the requirement of foreseeing a green 
energy supply to meet the ever rising demand.   In this 
study, utilization of energy in the graded hotels in the 
country was modeled through LEAP (Long Range Energy 
Alternatives Planning System) software to predict the 
future energy demand. Monthly energy consumption data 
for three consecutive years for a sample of hotels covering 
classified and unclassified hotel establishments were used 
for modeling. Four scenarios were then analyzed based on 
the baseline scenario representing the country’s tourism 
industry profile of year 2010.  It is shown that the energy 
intensiveness of the tourism industry will be 
overwhelming unless the DSM (Demand Side 
Management) tools are properly amalgamated for 
mitigation. Further the results of the study revealed that 
the existing electricity generation plan does not 
accommodate fuel diversification and energy mix, and 
needs revisions to induct renewable sources for greening 
energy supply of the country. The cost benefit analysis of 
the study, carried out through LEAP, calculates each part 
of the energy sysytem starting from primary resource 
input towards environmental externalities by assigning 
costs to emission of pollutants. Thus it helps identifying a 
range of socially acceptable policy scenarios in energy 
supply and use of the tourism industry instead of 
concluding on the financial viability of the studied 
scenarios. 
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I. INTRODUCTION 
Sri Lanka is a developing economy carrying a high 
economic growth rate. Expansion of the commercial and 
service sector and its share to GDP are rising steadily. 
Tourism industry plays a dominant role as one of the 
pillars of the national economy. Tourism industry of Sri 
Lanka rebounded strongly in 2010 owing to post-conflict 
peaceful environment. The Ministry of Economic 

Development claims that “The year 2010 was a significant 
one for the tourism industry of Sri Lanka with tourism 
arrivals reaching the highest recorded number in the 
recent history”.  Thus tourism sector has been recognized 
as the key driver of the economic activity with its vast 
income generation potential. 
 
The key strengths of the country in focus with the tourism 
industry are authenticity, compactness and diversity. It 
has over a 2500 year old culture (authentic) and within a 
small area (compactness) it offers numerous attractions 
for a tourist (diversity). Thus, Sri Lanka is an attractive 
tourist destination. Sri Lanka tourism has a goal to 
establish and position Sri Lanka as Asia’s most treasured 
and greenest Island, with its beautiful beaches, warm and 
friendly people in a strong nature and culture.  The future 
projections of the country are geared to a five year plan 
from 2011, to showcase Sri Lanka; the ‘Miracle of Asia’. 
The development policy framework of the Government is 
committed to sustainable tourism. In line with this, Sri 
Lanka needs to expand tourism related infrastructure and 
facilities around the country to cater 2.5 million tourist 
arrivals envisaged by 2016. Detailed targets show that the 
total hotel room capacity needs to hit 45,000 by 2016 
from 22,745 in year 2010. This highlights the requirement 
of close investigation of energy utilization pattern of the 
tourism industry and forecasting its future profile to see 
the feasibility in meeting the expected goals of the 
country. 
 
Sri Lanka, in the present context meets her energy 
demand mainly through the National grid. The total 
electricity generation in 2010 has been shared by hydro 
(46.3%), thermal (47%) and Non-Conventional Renewable 
Energy resources (NCRE) (6.7%). NCRE covers the sources 
such as mini and micro hydro, solar, wind and biomass. 
Furthermore, major hydroelectricity has been exploited 
to its maximum capacity by now and generation sources 
have been changed with the induction of coal power 
plant from 2011. Owing to the limitations in energy 
generation, Sri Lanka indeed has a challenge in meeting 
the rapidly growing demand whilst maintaining the 
quality of energy services. This leads to the requirement 
of exploiting alternative energy sources.  
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II. PROBLEM FORMULATION 
The tourism industry has become fiercely competitive. In 
attracting more tourists it has to have a challenging goal 
of tallying with the customer perceptions. That will be the 
only way of moving ahead in such a competitive market. 
Evolving interest shown by the tourists on ecotourism 
and green hotel concepts has been grabbed by the 
industry to its consistency. Concurrently, greening the 
tourism industry is a direct path towards enhancing the 
tourist arrivals since it is the global concern in the present 
scenario. 
 
According to the statistical digest of CEB (2010), in terms 
of the electricity demand by different end user 
categories, domestic and religious sector utilized about 
34.4% of the total electricity demand. The industrial, 
general, bulk & street lighting and hotel sectors 
consumed 31.0%, 18.9%, 14.1% and 1.6% respectively. 
Further it shows an increased demand of 0.1% of the 
hotel sector from year 2009. 
 
The trend of increased consumption in these sectors is 
expected to continue. Tourism industry and its associated 
activities contribute considerably on this account. 
Therefore, the rate of energy consumption in hotels is 
expected to grow much above the growth rate of 
electricity consumption in the industrial sector. This also 
shows the importance of exploring the energy utilization 
of the tourism industry to see the avenues of energy 
saving options. 
 
The Government has a plan of expanding the industrial 
sector with a considerable focus on the tourism industry. 
This notifies a requirement of more energy supply 
avenues and implementation of more energy efficient 
practices. Moreover, an analytical method to identify the 
energy utilization pattern and trends of any industry will 
make the country smart to face the challenge of future 
energy supply.  
 

III. METHODOLOGY 
The study was focused to cover the expansion of graded 
establishments of the tourism industry. Data were 
collected from three lines of approach; 
(a) Establishment data which covers number of rooms 

and electrical and thermal energy consuming activities 
involved in the establishment. 

(b) Baseline data which covers on the occupancy, energy 
consumption and energy supply data pertaining to the 
year 2010, to form a reference year or rather a 
baseline scenario to the study. 

(c) Monthly energy consumption data which covers the 
occupancy and energy consumption data of three 
consecutive years (2010, 2011 and 2012). 

In order to account for the differences of the level of 
energy use depending upon the location of hotel, layout, 
orientation and design of hotel, types, sizes and 
efficiencies of energy consuming equipment being used, 
the level of monitoring and controlling energy 
consumption, expertise of hotel engineering and 
maintenance staff and occupancy rate, several hotels in 
each type (total of 47 hotels) were considered to get an 
average energy consumption data to project a reasonable 
energy usage pattern.  
 
Greening the tourism industry from its energy perspective 
was approached through two aspects; demand side and 
supply side. Application of demand side management 
tools was used to mitigate energy intensiveness of the 
future industry. Energy supply for the industry is mainly 
through the national grid and the avenues of greening 
energy supply in line with the generation plan of Sri Lanka 
were studied. For this, the LTGEP (Long-term Generation 
Expansion Plan) of CEB was extensively scrutinized to 
identify the trend of using NCRE sources.  
 
LEAP software tool was used to build the model of the 
energy utilization and supply of the tourism industry. A 
multi-scenario analysis was done through LEAP to 
evaluate each scenario against the data input to compare 
them by their energy demand, cost and the 
environmental impact.  The scenarios used were; Baseline 
scenario (BAS) representing tourism industry in reference 
year (2010), Energy policy target scenario (EPT) showing 
grid electricity generation as per the National Energy 
policy, Coal free generation scenario (COA) showing the 
electricity generation without inducting coal as a primary 
energy source, Renewable promotion scenario (REN) 
representing a hypothetical case to observe greener 
effect of NCRE additions and Demand side management 
scenario (DSM) showing mitigation of energy intensity 
through reduction and conservation of electricity 
consumption at the consumer end. Multi-scenario 
analysis does not however develop a mechanism to select 
the least cost electricity generation plan for the country, 
but can be used as a tool for policy decisions to 
incorporate environmental and social concerns.  
 

IV. RESULTS AND DISCUSSION 
A. Utilization of energy in Tourism Industry 
Energy is used in various forms in hotels. Typical energy 
utilization balance includes; LPG for cooking, fuel oil for 
boilers to produce steam and hot water and electricity for 
all other energy consuming activities such as MVAC, 
lighting, lifts and other electrical equipment. Electricity 
consumption dominates the total energy utilization of all 
types of hotels.  
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Evaluation of energy consumption of hotels is challenging 
than other building types. Uniqueness of hotels includes 
various functional facilities (such as restaurants, laundry, 
reception halls, business centers, etc), variations of 
occupancy levels and also the differences of the personal 
comfort levels of the occupants. Therefore, the energy 
consumption situation in a hotel environment carries a 
different identity among other industries.  
 
Operation of a hotel is for 24 hours, all year around 
though some parts of it may be not functional at some 
times. The occupancy level also varies over the year. The 
places such as restaurants and retail shops are open not 
only for the in-house guests, but also for the general 
public. Furthermore, even the unoccupied guest rooms in 
high graded hotels are kept air-conditioned to prevent 
odor and discomfort. This indicates that the occupancy 
level of a hotel is not a direct component in its energy 
consumption. Thus a precise evaluation of the energy 
consumption of hotels is extremely challenging and only 
an approximation was reached at in this study. 
 

 
Figure 4. Energy utilization of graded establishments -

2010 
 
Through the analysis of monthly energy consumption 
data of the study sample, a summarized energy 
consumption profile for each type of hotel sample was 
derived and shown in Figure 1 for the year 2010. In broad 
sense, hotels use two types of energy; electricity and 
thermal energy. Electricity is used in a wide range of 
applications including lighting, MVAC, powering electrical 
appliances, etc. It is mostly obtained from the national 
grid and several hotels depend partially on self-
generation through renewable sources such as solar 
photovoltaic panels, wind, mini hydropower, biomass 
plants, etc. Thermal energy mainly obtained from LPG 
and diesel oil. These are used in cooking, hot water and 
steam generation for laundry applications and for 
operation of standby generators. On average, electricity 
consumption dominates the total energy utilization of all 
types of hotels, which is approximately 50% of the total.  

 
Detailed breakdown of the end consumers of a hotel was 
derived through a closer look at the energy utilization of a 
five star hotel. This represents the application of 
electricity and thermal energy of the hotel and depicted 
in Figure 2. This particular hotel has a robust energy 
monitoring program through sub-metering. Major energy 
consuming areas of the hotel include MVAC, lighting and 
hot water and steam supply whilst MVAC alone accounts 
for 38%. This hotel uses LPG for cooking, diesel for self-
electricity generation, HFO for steam boiler operation to 
produce steam and hot water and electricity for all 
remaining services. The hotel is located in a hot, humid 
climate and thus the demand for cooling is comparatively 
high. This is the reason for MVAC to be the highest energy 
consumer among all. The hotel also provides a contract 
laundry service apart from the facility provided for the in-
house guests and this has a direct effect on electrical 
consumption.  
 
Though this energy representation cannot be generalized 
for all hotels, the end use categories will remain almost 
the same and amount of energy consumption may vary 
with different climate conditions since air conditioning is 
not relevant to the hotels in the colder climates and also 
is not provided in smaller hotels in the coastal belt 
around the country.  

 
Figure 2. Total energy consumption by end use of a hotel 

 
Through a comprehensive data analysis and LEAP 
modeling, energy demand and electricity generation 
patterns were forecasted. Further, the environmental 
effects and the financial component in line with different 
scenarios were obtained.  The results of the study are 
discussed under demand, transformation, environmental 
effects and economic analysis. 
B. Demand Forecast 
Energy demand is forecasted based on the existing 
expansion plan of the graded hotel establishments to 
cater the envisaged target in the year 2016 as shown in 
Figure 3.The ascending trend of the energy demand in the 
tourism industry for all type of graded hotels shows the 
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requirement of expanded electricity generation, impact 
on the environment and increased cost involvement as 
well.  

 
Figure 3.  Energy demand forecast based on target at 

2016 
 
Figure 4 shows the advantage of implementing DSM over 
the existing demand. The energy savings are 
demonstrated by a negative energy demand against the 
baseline scenario resulted through DSM measures.  

 
Figure 4. Advantage of DSM over existing demand 

 
Implementing DSM measures is also important in the 
present context of the Sri Lankan tourism industry in 
several ways. In general hotels consume a substantial 
amount of electricity with more than 60% of total energy 
utilization for MVAC and lighting. Therefore, reducing 
electricity usage for the same level of energy services 
reduces the energy costs, resulting in increased profits. 
The saving electricity reduces the generation 
requirements and in phase with this transmission and 
distribution losses are minimized, giving an appreciable 
savings to the country.  
Electricity at present context is generated mainly through 
fossil fuels; coal and oil. More is the generation of 
electricity through these fuels; more would be the 
environmental impacts. It creates local as well as global 

pollution through emissions associated with such fuels. 
By introducing DSM concepts, the electricity demand can 
be reduced so will it reduce the environmental pollution. 
Energy prices increase gradually in the international 
market. Sri Lanka depends on oil and coal imports for 
electricity generation. Oil price shocks in several 
occasions have given a lesson to adopt energy 
conservation and efficient technologies for production 
and usage of electricity. 
 
C. Transformation Forecast 
Based on the LTGEP, the baseline scenario was modeled 
in LEAP and the related electricity generation plan for the 
study period is shown in Figure 5. It implies the non 
availability of new NCRE sources in the generation mix 
while the induction of coal power plants increases 
steadily. The hydro capacities indicate only the major 
hydro plants being committed. 

 
Figure 5. Electricity Generation profile - Baseline scenario 
In line with the LTGEP of CEB and the National Energy 
Policy, the generation mix was forecasted through LEAP 
and the existence of new NCRE was not significant. The 
electricity generation mix forecasted based on the 
National Energy Policy is depicted in Figure 6. 
 
Whilst carrying out additions of renewable plant, the 
existing thermal plant retirements and new additions 
were done in order to sustain the generation requirement 
with the forecasted demand. Figure 7 and Figure 8 shows 
the comparison of plant additions and retirements of 
Energy Policy target scenario and Coal free generation 
scenario against baseline scenario respectively. Further, 
Figure 9 shows the comparison of plant additions and 
retirements of Renewable Promotion scenario against 
Energy Policy target scenario. This hypothetical case was 
modeled by retiring the thermal plants and adding NCRE 
plants, mainly wind and biomass though the practical 
implementation in Sri Lanka was not seen in the near 
future. However, a brief discussion on the availability of 
NCRE sources and on the non-existence of them in the 
generation mix of Sri Lanka follows. It indicates the 
reasons for this scenario to be ‘hypothetical’.  
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Figure 6. Electricity Generation based on National Energy 

Policy 
 
 

 
Figure 7. Comparison of Generation mixes (EPT vs BAS) 

 

 
Figure 8. Comparison of Generation mixes (COA vs BAS) 

 
Figure 9. Comparison of Generation mixes (REN vs EPT) 

 
Country has untouched technical potential of NCRE, 
about 250 MW mini/micro hydro power, 1000 MW 
biomass thermal power and over 20000 MW wind power. 
However, these are not been captured by the LTGEP of 
CEB owing to technical, economical and social barriers. 
Furthermore, though the studies reveal that the country 
has a considerable amount of untouched NCRE potential, 
Sri Lanka is not geared to test them properly; for 
example, wind measuring masts are not established at 
the northern and northwestern coastal belts, where a 
higher wind potential has been reported.  
 
The CEB incurs heavy losses in sustaining the thermal 
power plants due to unexpected price hikes of fuel in the 
global fuel market. Thus the Government of Sri Lanka 
carries the burden by providing grants, subsidies and 
removing taxes and other levies owned by CEB. For the 
same reason, fuel costs of conventional thermal power 
generation do not represent the exact values and thus 
subsidized prices were used for calculations. Competitive 
advantage of having free fuel in NCRE options are not 
highlighted due to this. CEB follows a least cost option in 
the selection process of candidate plants in the 
generation mix and NCRE options will not be attractive in 
that sense.  
 
In order to maintain the system stability and integrity, 
CEB has put up certain limits of dispatch capacity for 
NCRE sources. This is another restriction for harnessing 
the NCRE sources available in Sri Lanka. The electricity 
transmission and distribution network in the country 
requires to be modified to overcome this issue. Investors 
are reluctant to take up unproven projects. The techno-
economical feasibilities are to be done by the 
Government to promote the stakeholders in investing on 
NCRE technologies. As per the LTGEP of CEB in 2010 and 
even in 2013, not a single NCRE plant has been 
considered as candidates. Even though the CEB maintains 
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a 3 MW wind plant as a pilot project at Hambanthota, 
CEB considers Wind as a non-dispatchable source of 
energy and thus it has not been accounted for the total. 
Thus, the future power generation in Sri Lanka is 
dominated by coal plants together with oil and hydro as 
the remaining share. Further the country is lacking the 
studies on dynamic grid stability and power system 
flexibility to incorporate the potential of NCRE sources. 
 
The selection of a candidate plant for the generation plan 
is influenced by the national interests prioritizing the 
reliability of power supply and the foreign currency 
savings. Furthermore, the access to technical know-how 
and impacts on cultural, heritage and aesthetics are 
considered. Currently NCRE become the least attractive 
option on these national interests. 
 
D. Environmental Impacts 

 
Figure 10. Increase of global warming potential 

Impacts to the environment were scanned mainly 
through demand and generation perspectives. With the 
increase of energy utilization in the tourism industry, 
gradual increase of CO2 emissions and the global warming 
potential was observed in the baseline scenario as shown 
in Figure 10.  
 
Once the demand is mitigated through DSM measures, a 
significant reduction of global warming potential was 
noticed as depicted in Figure 11. 

 
Figure 11. Reduction of one hundred year global warming 

potential through DSM measures 
 
Based on the LEAP model, it was observed that the 
energy policy target does not emit CO2 non biogenic as 
shown in Figure 12. This plan will still emit CO2 biogenic 
due to induction of biomass plants for electricity 
generation throughout the years which would not harm 
the environment. This is resulted from thermal plant 
retirements and additions of new NCRE sources in the 
electricity generation mix. 

          
Figure 12. Avoided CO2 emissions via Alternative energy 

sources 
If the country could afford a crucial change in electricity 
generation by adding NCRE to the extent stipulated under 
renewable promotion scenario, which was treated as a 
hypothetical case in this study, a further reduction of 
CO2was observed as shown in Figure 13. In this, the 
environmental impacts of renewable promotion scenario 
were compared against energy policy target scenario. 
This can be considered as a competitive advantage of 
renewable promotion over other scenarios. However, the 
constraints in doing so are descriptively elaborated in the 
concluding notes.  
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Figure 13. Competitive advantage of NCRE additions 

 
Environmental Impact Assessment (EIA) enforces national 
and regional standards of pollution control for power 
plants. However, EIA is only used as a tool of delaying a 
construction of a power plant in the present context of Sri 
Lanka and it does not enforce the limitations due to the 
lower CO2 emission level.  Apart from the major GHG 
emissions, coal ash also contains toxic heavy metals and 
coal burning plants are a leading source for emission of 
radioactive materials to the environment. Thus it is 
important to note that the affordable electricity through 
coal is delivered at a steeper environmental price. 
Irrespective of afore mentioned facts, the CEB has chosen 
coal being the cheapest technology at the expense of the 
environment. 
 
E. Economic Analysis 
Final results of economic analysis display the 
performance of the studied scenarios based on the 
constraints and assumptions made in the study. 
Therefore, the results of this study may not interpret the 
exact cost figures. However, these results provide a 
platform to compare various scenarios and technologies. 
Figure 14 compares the predicted social costs of the 
studied scenarios as at year 2016. Renewable promotion 
scenario considers addition of NCRE technologies over 
thermal additions. Thus capital cost intensiveness of the 
NCRE plant additions is obviously seen in this figure. 
Further, the variable operation and maintenance cost for 
NCRE sources are zero with the exception for biomass 
which is 0.53 US cent/ kWh. Therefore the variable O&M 
cost in the renewable promotion scenario shows a clear 
reduction. Lesser externality costs involved in the 
renewable promotion scenario is also an interesting 
result observed through this.  
 

Costs for demand in all scenarios other than the DSM 
Scenario are zero for all hotel establishments because 
they carry same level of demand. Energy demand 
intensity of DSM scenario is less than that of BAS scenario 
and thus indicated by the negative values.  
 

 
Figure 14. Cumulative discounted social costs as at year 

2016 
 

IV. CONCLUSIONS 
Post war turnaround witnessed by the tourism industry in 
Sri Lanka continues its growth momentum towards a 
successful future. Sustainable development of the 
industry is crucial because it carries a considerable share 
of GDP of the country. Further the requirement exists to 
upgrade Sri Lanka from the perception of ‘affordable 
destination’ whilst showcasing its milestone in year 2016. 
Analytical studies over the tourism industry of Sri Lanka 
on energy utilization are rare. In the aim of sustainable 
development, the future of the industry needs to be 
forecasted in terms of energy supply and utilization, 
which is approached by the study. The associated 
environmental impacts are also weighed because 
greening the tourism industry paves the way to its 
consistency. The study also gives an opportunity to the 
stakeholders including the policy makers to make 
decisions pertaining to the tourism industry and 
electricity generation through a socio-economic 
comparison based on cost-benefit analysis. 
The results of the study suggest the following 
conclusions; 
(a) Evaluation of energy consumption of hotels is 

challenging than other building types and the energy 
consumption situation in such environment carries a 
different identity among other industries. Thus in 
order to reach at a precise analysis on the energy 
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utilization of the tourism industry, detailed data 
analysis of the industry around the country is 
required. Some small and medium scale hotel chains 
still do not realize the value of data monitoring and 
create barriers for a complete study.    

(b) Implementation of DSM measures in the tourism 
industry is mandatory to mitigate the energy 
intensiveness along with the impulsive growth 
expected in a shorter time span in the country. Sri 
Lankan tourism is in the process of grabbing the DSM 
measures and benefited by the same. 

(c) Electricity in the present context is generated mainly 
through fossil fuels. Induction of NCRE sources into 
the electricity generation mix in parallel with the 
National Energy Policy is more environmental friendly 
than following the existing generation plan of CEB. 
However this process will not come into reality in the 
near future due to the restrictions in practical 
implementation.  

(d) The existing LTGEP of CEB does not accommodate fuel 
diversification and energy mix . It is a plan based  on 
the least cost principle. Thus there is no room for 
NCRE promotion in the current generation plan of the 
country. This in turn demands the necessity of 
revisions in current generation planning. 
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