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FOREWORD

Ever since Jetwing began over 40 years ago, we have constantly striven to
ensure that our operations have as minimal impact to the environment as
possible. With this in mind, we have made sizable investments in sustainable
technology, green design, and adhered to international practices and standards.

The following report is an achievement of pride, both for me and for Jetwing. We
were one of three partners selected for the Green Cooling Initiative, and working
closely with GIZ has ensured our future plans will stay on the right track. It is
my hope that through this initiative and similar others, the hospitality industry
of Sri Lanka recognizes the importance of climate-friendly RAC solutions and
the benefits for the industry as a whole.

| would also like to thank the efforts of our Engineering department, led by
Jude Kasturi Arachchi and the management and associates of Jetwing - without
people who believe in what is right for Sri Lanka, none of this would be possible.

Mr. Hiran Cooray,
Chairman of Jetwing Hotel Group
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1.

In times of a changing climate, increasing fossil energy
prices and growing amounts of tourists with evolving
environmental consciousness, are prompting hoteliers in
tropical destinations such as Sri Lanka to pursue a new
pathway to maintain their hotel business in a sustainable
manner.

Refrigeration and air conditioning (RAC) in these hotels
often makes up more than 50% of the total energy
consumption. In many cases, this corresponds to half
of the hotel’s carbon footprint, and the single fastest-
growing cost point of typical hotel operations in zones
with high ambient temperatures.

Driven by a steady economic growth, greenhouse gas
(GHG) emissions in Sri Lanka have been increasing
continuously over the last decades. According to estimates
of the Green Cooling Initiative' (GCI), the RAC sector
accounts for approximately 4.79 MtC0zeq (2014), or 15%,
of the national GHG emissions, with the hotel industry
making up a major share. Aware of these developments,
the Government of Sri Lanka emphasized GHG mitigation
on the energy demand side - such as RAC in commercial
operations - in its recently published climate action plan
(Intended Nationally Determined Contribution or INDC).2
Given its growing significance, mitigation efforts in the
RAC sector can play an important role in reaching the
country’s climate targets.

The Green Cooling Initiative has analysed RAC equipment
and management in ten entities of the Jetwing Hotel
Group. Based on current equipment and a calculated
business-as-usual (BAU) scenario, a set of four key GHG
mitigation strategies have been proposed. These include:

¢ the reduction of the cooling load in both existing and
new buildings;

« transition to natural refrigerants when investing in new
RAC appliances;

« the continuous installation of highly energy efficient
appliances;

« and the sourcing of energy from renewable energy sources.

1 www.green-cooling-initiative.org, last access 12 May 2017.

2 Sri Lanka has committed itself to lowering its GHG emissions against the
business-as-usual (BAU) case by 7% unconditionally and 16% conditionally by
2030 in its submitted INDC.
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EXECUTIVE SUMMARY

For nearly all relevant RAC technologies, such as chillers,
unitary air conditioners, domestic refrigerators and
commercial standalone equipment, there are technology
alternatives using natural refrigerants and superior energy
efficiency. It is recommended to install these appliances
wherever old equipment needs to be replaced. Under-
taking these measures can reduce the GHG emissions
resulting from RAC by approximately 50% by 2030. With
an estimated further increase of the energy efficiency of
appliances and an increased sourcing of renewable energies,
primarily photovoltaic (PV) solar-based electricity, a
nearly full decarbonisation can be achieved.

Barriers that prevent Sri Lanka's hoteliers from making
more ambitious saving measures include limited
awareness of decision makers, perceived investment
risks related to alternative RAC technology solutions, and
technicians who are not skilled to enhance efficiency of
systems or work with latest technologies. In response

to this, the Sri Lankan Government could accelerate the
update of more climate-friendly RAC technologies by
providing the following support:

¢ Training and certification programmes for RAC
technicians and hotel technicians on the installation
and servicing of efficient RAC systems using natural
refrigerants.

* RAC technology-specific subsidy programmes to cover
incremental costs of altnernative RAC applications
based on technology standards.’

« Awareness-raising on existing and upcoming
minimum energy performance standards and labels
and phase-down policies for fluorinated and climate-
damaging refrigerants.

Pursuing an ambitious transition to climate-friendly

RAC solutions in the Sri Lankan hotel sector holds a
number of benefits. The energy savings reduce operating
costs with positive impacts on the hotel business. GHG
emissions savings help combat climate change, improve a
hotel's reputation and satisfy hotel guest’s environmental
consciousness.

3 For example the promotion programme for climate-friendly RAC technologies
by the German Federal Agency for Foreign Affairs and Export Control:
www.bafa.de/EN/Energy/energy_node.html, last access 12 May 2017.



2. INTRODUCTION

The Green Cooling Initiative is a global project funded by
the International Climate Initiative (IKI) of the German
Federal Ministry for the Environment, Nature Conservation,
Building and Nuclear Safety (BMUB), aiming to support
developing countries in their effort to transition towards
climate-friendly and energy efficient cooling technologies.

As part of the activities of the Green Cooling Initiative,

an ideas competition was carried out, where the Jetwing
Hotel Group in Sri Lanka was selected as one of three
technology partnership projects. The technology partner-
ship between the Deutsche Gesellschaft fir Internationale
Zusammenarbeit (G1Z) GmbH, as the implementing agency
of the Green Cooling Initiative, and the Jetwing Hotel
Group, focuses on the installation of an absorption chiller
which uses steam generated in a biomass-fired boiler

to reduce the carbon footprint of the Jetwing Blue hotel.
Moreover, this cooperation intends to compile a roadmap
for the Jetwing Hotel Group, with regard to its endeavours
to continuously reduce its carbon footprint and become

a trendsetter in Sri Lanka for sustainable and climate-
friendly refrigeration and air conditioning solutions.

Refrigeration and air conditioning make up a major share
of energy consumption in the hotel industry, especially
in tropical countries like Sri Lanka. Energy consumption
as well as the use of refrigerants released into the
atmosphere translate into high costs and GHG emissions,
significantly impacting a hotel’s business and the
environment.

This paper aims to present a roadmap towards climate-
friendly and energy-efficient RAC (here defined as ‘green
cooling’) for the Jetwing Hotel Group in Sri Lanka. This
roadmap reveals the saving potential in terms of energy
consumption, GHG emissions and related costs that lie in
the transition to more climate-friendly and energy-efficient
cooling solutions. In an exemplary way, it demonstrates
how hotel industries in tropical climate zones can minimize
their climate impact in an economically attractive way.

Primarily, this paper shall help technical managers in
the hotel industry who are responsible for the planning,
purchase and maintenance of RAC equipment to make
informed decisions with regard to RAC technology options
and related impacts. Moreover, this paper aims to inform
governmental decision makers who work on energy
efficiency and refrigerant (hydrochlorofluorocarbon,HCFC;
hydrofluorocarbon, HFC) policies.

Green Cooling Roadmap for the Jetwing Hotel Group in Sri Lanka | 9



3. BACKGROUND

3.1. CLIMATE IMPACT OF REFRIGERATION AND
AIR CONDITIONING

RAC exists almost everywhere and has a key role

in maintaining adequate human living standards.
Refrigeration encompasses applications that preserve
food, beverages or medicine at a certain required
temperature. Air conditioning encompasses cooling
applications that hold specified temperature levels in
buildings or vehicles to ensure comfort. Population growth,
an increasing middle class, globalization, in addition to
changing lifestyles and rising ambient temperatures, are
reasons for a fast growth in both fields of cooling.

GHG emissions resulting from RAC originate from two
sources: first, the major share of electricity to operate
most kinds of RAC appliances is still generated by
combusting fossil fuels, which results in massive amounts
of CO2 emissions. Second, the release of climate-damaging
HCFC- or HFC-based refrigerants during operation and
maintenance of RAC appliances significantly adds to the
indirect CO; emissions.

10 | Green Cooling Roadmap for the Jetwing Hotel Group in Sri Lanka

The Green Cooling Initiative estimates RAC to account for
13% of the GHG emissions by 2030, making the RAC sector
a major contributor to climate change.



FIGURE 1: GLOBAL GHG EMISSIONS ARISING FROM REFRIGERATION AND AIR CONDITIONING

(SOURCE: GCI. YEAR: 2014)
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Based on estimates from the GCl database 2014,

GHG emissions resulting from refrigeration and air
conditioning in Sri Lanka are estimated at around

4.79 MtCO2zeq, as illustrated in Figure 2. Around 70% are
estimated to be indirect GHG emissions resulting from
electricity use, whereas approximately 30% are estimated
to be direct GHG emissions from refrigerants released into
the atmosphere. The BAU projection until 2030, as shown
in Figure 1, predicts a strong increase in the amount of
GHG emissions to 6.6 MtCOzeq by 2020, and 13.2 MtCOzeq
by 2030. Transitioning to green cooling technologies is
estimated to reduce the overall GHG emissions in the
RAC sector by 45% by the end of 2030.

Based on data from the GCI (2014), commercial
refrigeration and air conditioning in Sri Lanka account for
about 24% of total RAC emissions, or 1.17 MtCOzeq.

4

FIGURE 2: DIRECT AND INDIRECT GHG EMISSIONS
ARISING FROM REFRIGERATION AND AIR
CONDITIONING IN SRI LANKA
(SOURCE: GCl, 2016)*

DIRECT 30%

Total 4.79 MtC0,eq

INDIRECT 70%

http://www.green-cooling-initiative.org/country-data/#!country-data-sheet/144/
all-sectors, last access 12 May 2017.
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FIGURE 3: BAU AND MITIGATION SCENARIO OF GHG EMISSIONS IN THE RAC SECTOR IN SRI LANKA

(SOURCE: GCl)
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3.2. CLIMATE CHANGE MITIGATION POLICIES
IN SRI LANKA

The Paris Agreement that was agreed upon at the 21¢
Conference of the Parties to the United Nations Framework
Convention on Climate Change (UNFCCC) in Paris at the
end of 2015, sets the pathway for all countries to hold the
increase in global temperature well below 2 °C, and the
ambition to limit it to 1.5 °C. This would alleviate human
kind from serious damage through a changing climate.
Numerous parties to the UNFCCC have ratified the Paris
Agreement over the last months, including the Government
of Sri Lanka on 21%, of September 2016.°

Sri Lanka's GHG emissions have shown a strong increase
since 1960 (Figure 4). Total emissions in 2010 are shown
to be around 30 MtCO,eq compared to 16 MtC0Ozeq in 1970.
The growth of the Sri Lankan economy, accompanied by
increased urbanization and electrification, had a major
impact on the growth of GHG emissions.

With its submitted Nationally Determined Contribution
(NDC), Sri Lanka highlights its aspirations to contribute
to protecting the global climate and thereby building the
foundation for sustainable development at the national
level. In essence, Sri Lanka's intended NDC® comprises the
following:

5 http://unfccc.int/paris_agreement/items/9444.php, last access 12 May 2017.

6 See: INDC Sri Lanka. http://wwwé.unfcce.int/Submissions/INDC/Published%20

Documents/Sri%20Lanka/1/Resubmission%200f%20INDCs%20for%20Sri%20Lanka.
xps, last access 12 May 2017.
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« Sri Lanka intends to reduce its GHG emissions
from the sectors of transport, waste, industries
and forest. It intends to reduce these emissions
against a BAU scenario unconditionally’” by 7%
(energy sector 4% and 3% from other sectors), and
conditionally® by 23% (Energy sector 16% and 7%
from other sectors), by 2030.

The strategies in the energy sector include the
integration of renewable energy plants into the
national grid by 2025, by expanding the solar power
electricity generation capacity, promoting the use of
biomass as fuel, and promoting hydro power as an
environmentally-friendly power generation option.
The transport sector accounts for 49% of total GHG
emissions of the energy sector, and is targeted

to establish energy efficient and environmentally-
friendly transport systems by 2030, while 25 - 40%
of public transport is to be green-fueled.

» In the waste sector, 60% of the total waste
generated is biodegradable. Source separation,
recycling, composting and waste to energy actions
will be promoted, while the collection rate is to
be increased from the current 30% to 50 - 65% by
2030.

7 The climate mitigation actions undertaken by a country with own resources.
8 The climate mitigation actions undertaken by a country with international
support.



FIGURE 4: GHG EMISSIONS IN SRI LANKA
(SOURCE: THE WORLD BANK, 2016°)
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Following the Paris Agreement, the HFC amendment'™ to
the Montreal Protocol that was agreed in Kigali in October
2016, determines another important step to protecting the
global climate. HFCs are used as substitutes for HCFCs,
mostly as refrigerants in various cooling applications.
HFCa account for the fastest growing GHG- at the same
time, they can be reduced cost effectively.
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Sri Lanka has committed to lowering its contributions

to global GHG emissions by remaining in the more
ambitious group of developing countries (Group A5-1) in
the Kigali Amendment. These countries will phase down
HFCs step-wise until 2045 to 20% of the average baseline
consumption of the years 2020 - 2022, with a freeze of
HFC consumption starting in 2024 and lasting until 2028.
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The importance of demand-side measures to tackle GHG
emissions in the energy sector has also been highlighted
in Sri Lanka's intended NDC, with a specific reference to
the energy efficiency of fans, pumps, motors, compressors,
refrigerators and Building Management Systems (BMS)

for the commercial, government, and domestic sector,

(Sri Lanka INDC, 2015) as well as in the 5 year in the

5 year demand side management programme, Operation
DSM, under the Sri Lanka Energy Authority (Sri Lanka Energy
Balance, 2015).

9 http://data.worldbank.org/indicator/EN.ATM.GHGT.KT.CE?locations=LK, 10 Kigali HFC amendment: http://conf.montreal-protocol.org/meeting/mop/mop-28/
last access 3 May 2017. final-report/English/Kigali_Amendment-English.pdf, last access 3 May 2017.
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FIGURE 5: KIGALI AMENDMENT T0O MONTREAL PROTOCOL
(SOURCE: UNEP, 2016)
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The UNFCCC Paris Agreement and the HFC Amendment

to the Montreal Protocol provide a clear framework to-
wards climate-friendly refrigeration and air conditioning,
combining CO, emission reduction through increased
energy efficiency with HFC reduction through transition to
climate-friendly refrigerants. Commercial refrigeration and
air conditioning determines a key source of GHG emissions
in Sri Lanka's hotel industry. Decoupling GHG emissions
from this growing industry however provides a great
opportunity to contribute to sustainable development in
Sri Lanka, beyond protecting the climate:

14 1 Green Cooling Roadmap for the Jetwing Hotel Group in Sri Lanka
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Time

In the hotel industry, RAC is typically responsible for
about 50% of the energy consumption and GHG emissions.
Energy efficient RAC technologies, along with the use

of natural refrigerants, are critical in improving energy
efficiency and in the overall curtailment of GHG emissions.
For most RAC appliances, energy efficient technologies
with natural refrigerants are technically available.



TABLE 1: CONNECTION BETWEEN CLIMATE-FRIENDLY AND ENERGY EFFICIENT RAC WITH SUSTAINABLE DEVELOPMENT
GOALS (SDGS)

1 No Poverty - RAC sector transformation involves creation and formalization of jobs, enhancing
the source of income. Energy-efficient appliances also lessen electricity costs and make resour-
ces available for other needs.

2 Zero hunger - Reliable RAC systems improve the quality of cold chains that preserve food
and beverages. This increases productivity and access to quality food and nutrition, hence
contributing to enhanced food security.

3 Good Health and Well-being - A sustainable and reliable RAC sector provides cold chains that
ensure the quality and shelf life of food items and medical goods, even in remote areas.

Ecaton 4 Quality Education - Capacity building activities such as training and further qualification of

i technicians as well as with the relevant policymakers are central to a sustainable RAC sector
I!"JI transformation.

7 Affordable and Clean Energy - Sustainable RAC solutions focus on innovative, energy-efficient
technologies, and encourage the use of renewable energy sources.

ECEMCARCGHONTH 8 Decent Work and Economic Growth - The sustainable introduction of climate-friendly RAC

technologies involves the creation and formalization of jobs as well as strengthening local
capacities and infrastructure for production.

9 Innovation and Infrastructure - One advantage of using natural refrigerant based technologies
and products is that there are no intellectual property rights and less patents associated with
them compared to synthetic substances.

11 Sustainable Cities and Commitments - RAC technologies such as air-conditioning and building
insulation improve human living environments. Promoting long-term solutions in the sector also
encourages the shift towards a circular economy.

12 Responsible Consumption - Natural refrigerants have zero ozone depletion potential and a
negligible global warming potential (GWP); they are part of natural biogeochemical cycles and
do not form persistent substances in the atmosphere, water or biosphere.

13 o 13 Climate Action - A RAC sector based on low-GWP refrigerants and energy-efficient systems
minimizes the negative impacts of the sector on the climate, while providing for the growing
demand for cooling applications.

17 Partnerships for the Goals - RAC sector transformation relies strongly on the involvement of
both the public and the private sector, as well as multi-stakeholder partnerships.

(Source: GIZ Proklima 2016)"

11 GIZ supports the Sustainable Development Goals.

Green Cooling Roadmap for the Jetwing Hotel Group in Sri Lanka | 15



3.3. THE SRI LANKAN HOTEL SECTOR

3.3.1. Energy consumption and GHG emissions
in the Sri Lankan Hotel sector

Sri Lanka has experienced significant economic growth
over the last years, amounting to an average rate of 6.12%
between 2001 and 2016."”2 The main sectors of Sri Lanka's
economy are tourism, tea production, apparel and textile,
and agriculture, with large shares of export in these
fields. The robust growth of the tourism sector is one of
the key contributors for the economic growth, coupled
with infrastructure, businesses, and property investments.
The Sri Lankan tourism industry has shown tremendous
growth from 2010, and has recorded the highest tourism
arrival in the history by achieving 1 million arrivals in
2012 (Sri Lanka Tourism Development Authority, 2014).
The tourism sector has emerged as a front-runner in Sri
Lanka’s economic activities. According to the Central Bank
of Sri Lanka, the travel and tourism sector contributed
10.6% to the overall GDP of Sri Lanka in 2015, which in
turn is also the major contributor of GHG emissions (World
Travel and Tourism Council, 2015). The extended use of
electricity in the national tourism sector is mainly caused
by the hotel facilities in which refrigeration and air con-
ditioning makes a large share. Substantial quantities of
energy are consumed for providing comfort and services
to hotel guests. Typically, the energy efficiency of many
hotel facilities is low, and the resulting environmental and
climate impacts are therefore typically greater than those
caused by other building types of similar size."

FIGURE 6: TYPICAL ENERGY CONSUMPTION IN HOTELS
IN SRI' LANKA
(SOURCE: IFC WORLD BANK GROUP, 2013)'

OTHERS 7%

LAUNDRY 8%

KITCHEN 15%

HVAC&R 50%

LIGHTING 20%

12 Trading Economics, 2016: http://www.tradingeconomics.com/sri-lanka/
gdp-growth-annual, last access 12 May 2017.

13 https://www.ifc.org/wps/wem/connect/30f331004fddd89eb3d8ff23ff366185/
Mapping+Report++-+Ensuring+Sustainability+in+Sri+Lanka's+Hotel+Industry.
pdf?MOD=AJPERES, last access 12 May 2017.
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As shown in Figure 6, a typical hotel uses around 50% of
its energy for RAC appliances, which consequently repre-
sent the major source of GHG emissions. In turn, energy
efficient and climate-friendly RAC appliances and systems
can help to significantly reduce energy consumption, and
thereby decrease a hotel's GHG carbonfootprint. Given the
high national electricity tariffs ', improved energy efficien-
cy will further result in increasing cost savings for users.

3.3.2. Barriers and drivers towards green cooling

Although cooling makes up the lion share of operating
costs and resource consumption in many large hotels in
Sri Lanka, the considerable associated potential to im-
prove energy efficiency and lower GHG remains untapped.

In order to better understand the barriers and drivers
that impact climate-friendly and efficient cooling
solutions, interviews have been carried out with a
number of relevant stakeholders':

Results indicate that stakeholders are in particular
concerned about the investment and operating costs of
alternative technology options. More efficient technologies
often entail higher upfront costs, which prevent investors
from investing in them. Financial incentive programmes like
the climate-friendly chiller investment subsidy programme in
Germany help to overcome this prevention.'®

Another key barrier is the limited availability of RAC
technology components, and the missing information
about best available technologies in Sri Lanka. Awareness
programmes combined with import tax cuts for selected
clean technologies can help to enable access.

Some low global warming potential (GWP) refrigerants
have certain characterisitics (flammability, toxicity)

that require special attention during installation and
servicing. Missing technical skills to adequately handle
RAC equipment is seen as another dominating barrier,
especially when it comes to changes to enhance efficiency
during installation and operation, and the use of low

GWP refrigerants. Training and certification programmes
on efficient use of RAC equipment and safe handling of
flammable or toxic refrigerants can close this gap.

The most relevant drivers for climate-friendly and energy-
efficient RAC are the reduction of operating costs and
GHG emissions, and costumer demand for environmen-
tally-friendly hotel operation. Moreover, hotels seem to
recognize that sustainable hotel management increasingly
impacts the hotel image.

14 Electricity Tariff for commercial end use as per 2013 is 17.73 SLR/kWh.

15 The 20 interviewees included hotel executives, technical managers and
technicians, representatives from the energy efficiency division in the Ministry of
Energy, the national ozone unit at the Ministry of Environment, the Sri Lanka
Hotel association as well as commercial banks.

16 http://www.bafa.de/DE/Energie/Energieeffizienz/Klima_Kaeltetechnik/
klima_kaeltetechnik_node.html, last access 12 May 2017.



4. OBJECTIVE AND METHODOLOGY

This Green Cooling Roadmap aims to introduce more 2. Development of a BAU scenario based on the existing
climate-friendly and energy-efficient RAC&F technology RAC technologies and the expected cooling demand.
options to the Jetwing Hotel Group in Sri Lanka. Follow-
ing a technology roadmap approach, this paper highlights 3. Interviews with hotel technicians to identify losses
how the hotel industry can minimize its climate impact and opportunities and to understand maintainance
while serving the hotel chain’s cooling needs through patterns and behaviour.
green cooling solutions in an economically attractive way.
The following methodological steps have been carried out 4. Identification and introduction of alternative RAC
in order to design the proposed technology deployment technology options for all key fields of application.
pathway:
5. Derivation of GHG mitigation, energy and cost saving
1. Inventory of existing RAC technology applications in potentials based on alternative technology paths.
ten hotel entities of the Jetwing Hotel Group. This
included 694 rooms equipped with chillers, unitary AC 6. Introduction of GHG mitigation options, underlying
appliances, commercial refrigeration equipment and strategies and concrete measures for the key fields
refrigerators. Data on technical parameters such as of RAC applications in the Jetwing Hotel Group
product capacity, level of efficiency, annual electricity
(energy) consumption, type and amount of refrigerant,
and GHG emissions have been collected in a survey to
portray the current situation.
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2. REFRIGERATION AND AIR
CONDITIONING AT JETWING HOTEL
GROUP

5.1 OVERVIEW OF ANALYSED JETWING HOTELS

The Jetwing Hotel Group is a leading hotel chain in Comprising different types of rooms from modern

Sri Lanka, with properties spread around the country luxury guest rooms to individual villas for customers,
from Negombo, Yala and Galle to Nuwara. The analysis the respective hotels of the chain do not only have
framed in this paper focuses on ten hotels of the Jetwing  varying room sizes, but also differ in their architec-
Hotel Group with 134 buildings and 694 hotel rooms tural designs. The following table provides an overview
equipped with chillers, unitary AC appliances, commercial  of the size and the number of rooms in each hotel
refrigeration equipment and refrigerators. The following focused on in this roadmap.

hotels were considered for the energy analysis and are
spread across Sri Lanka:

FIGURE 7: ANALYSED JETWING HOTELS, SRI LANKA
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TABLE 2: JETWING HOTELS OVERVIEW

JW JW JW JW JW JW JW JW JW JW
Blue Lagoon Vil Uyana Beach Jaffna Sea Yala St. Lighthouse Ayu
Andrew’s Pavilions
No. of
buil- 6 20 49 1 1 1 20 8 10 19
dings
No. of 120 55 36 78 55 83 90 56 85 36
Rooms

(Source: data provided by Jetwing 2016)

Moreover, JW Vil Uyana has 36 villas/dwellings as their
guest rooms, and JW Yala has 10 separate tented villas.

According to a study by Hotel Energy Solutions (2011),
chain-affiliated hotels are generally more active in
environmental issues than individually owned and
managed facilities. Reasons for this are firstly that large
companies are much more high-profile, attracting more
public attention. Maintaining their brand as a green
business is therefore of higher importance. Secondy, the
financial resources of hotel chains are generally higher
than those of individually owned and managed hotels.

The Jetwing Hotel Group has already proven to be a
pioneer in the Sri Lankan hotel industry when it comes

to environmental concerns. The hotel group follows a
holistic approach by applying various measures to reduce
its carbon footprint. This includes PV and solar thermal
energy generation, bioenergy generation for cooling
purposes, composting and many other measures. The hotel
thereby functions as a model for the Sri Lankan hotel
industry and beyond.
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5.2 RAC EQUIPMENT IN JETWING HOTELS

A variety of appliances are used for refrigeration and air
conditioning purposes within the listed ten hotels of the
Jetwing Hotel Group, as shown in Table 3.

The number of units vary with the size and utilization of

the respective hotel facility. Most of the air conditioners

TABLE 3: AIR CONDITIONING AND REFRIGERATION EQUIPMENT USED IN JETWING HOTELS

Equipment

Air
Conditioners
(direct
expansion
systems)

Chillers
(indirect
expansion
systems)

for AC and
refrigeration

Refrigerators

Condensing
Units in Cold
Rooms

iType

- split,
- non-ducted

split
- ducted

i Vapour
i compression

3 Vapour
- Absorption

Mini-bars

Single/
i Double door

Functions

Individual cooling and temperature setting for
each room

Rooms are conditioned uniformly at same
temperature from one central location

Compressor run by using electrical or
mechanical energy

Runs by using heat energy (steam) which is
produced as waste heat from the biomass boiler

Used for food and beverage storage.

Capacity 50 L - 600 L

Condenses a substance from its gaseous state
to its liquid state

(Source: data provided by Jetwing, 2016)
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COP/EER
on average

24 - 31

2.68

440

n.a.

used in the hotels are split non-ducted units with cooling
capacities varying from 2 kW - 13 kW. Refrigerants used
are mostly R-22 and R-410A.
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6. RAC ENERGY AND REFRIGERANT
CONSUMPTION IN JETWING HOTELS

GROUP

The RAC systems installed in Jetwing Hotels consume
up to 64% of the total electricity used. Within the whole
hotel group, the air conditioning chillers consume around
60% of the total electricity used for air conditioning.
Figure 8 shows the energy distribution pattern of the
RAC sector in Jetwing hotels. Unitary air conditioners
are the second highest energy- consuming equipment
other than the chillers, which consume around 32% of
the total electricity. Refrigerators, condensing units and
others consume a smaller amount of electricity among the
different installed RAC appliances.

The chillers used for air conditioning are mostly vapour
compression screw chillers, except for JW Yala and JW
Lagoon, which use absorption chillers. The vapour com-
pression chillers in JW Yala and JW Lagoon are only used
as back-up chillers. While vapour compression chillers
use R-407C and R-22 as refrigerants, distilled water is
used in absorption chillers.
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FIGURE 8: EQUIPMENT ELECTRICITY CONSUMPTION
PATTERN IN JETWING HOTELS
(SOURCE: HEAT ANALYSIS)
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A vapour absorption chiller was used for the first

time in a Sri Lankan hotel at Jetwing Lagoon to provide
air conditioning. This gas cooling system runs sustainably
via steam generated from the biomass boiler, and is
used for the entire hotel’s air conditioning requirements,
drastically reducing the usage of grid electricity. Now,
vapour absorption chillers are now also used in JW Yala
to cover the hotel's entire air conditioning requirements.

The refrigerant used for the vapour absorption chiller is
distilled water, which, at very low pressure (60 mmHg),
absorbs heat from the water that is circulating through
the fan coil units during evaporation and releases heat
during condensation. Thanks to its environmentally-
friendly characteristics and the fact that it does not
produce emissions during repairs or leakage, using water
as refrigerant is considered a sustainable option.

The main energy source for vapour absorption chillers is
steam generated through a biomass-driven boiler. Thus,
the majority of the energy for these chillers derives from
renewable sources. The use of biomass in heating systems
causes no long-term effect on the environment because
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the carbon in biomass is a part of the natural carbon
cycle, while the carbon in fossil fuels is not and per-
manently adds carbon to the air when burned as a fuel.

In JW Yala and JW Lagoon, cinnamon wood is used as
a fuel for the biomass boiler as it is one of the four
most sustainable fuel woods of South Asia due to its
fast cropping cycle of just six months. It also offers
various technical advantages such as high calorific
value, high density, and less smoke generation than
other wood-based fuels (Jetwing, 2014).

6.1 ENERGY USE PATTERN

Most of the room ACs used are spilt non-ducted units
running for more than 80% of the year. R-22 and
R-410A are used as refrigerants in ductless split air
conditioners, whereas refrigerators and freezers mostly
use R-134a. The installed capacity ranges from 500 to
1,050 litres; most of the equipment runs on full load
all year long. Stand-alone and condensing units also
run 70% of the year, and most of them use R-404A or
R-134a as refrigerants. The total energy consumption
includes both the electrical energy used for running
the appliance, and the energy from the biomass-driven
boilers used by the absorption chillers.

The overall energy consumption pattern of RAC
appliances in the Jetwing hotel group shows that

the major part of the energy is consumed by chillers
for air conditioning. JW Yala and JW Lagoon have

the highest total energy consumption due to their
deployment of absorption chillers, which consume over
50% of the total energy, followed by JW Blue and JW
Sea. It should be noted that the energy consumption of
the absorption and compression chillers is not directly
comparable, as the energy use for the absorptions
chillers indicates the primary energy consumption,
whereas for the compression chillers it indicates the
electricital energy consumption. As for compression
chillers, the primary energy consumption of coal power
stations, which is still the main primary energy source
for electricity production, is not indicated. If a primary
energy factor of typically around 2.5 for coal power
plants was applied, the primary energy consumption
difference would be less favourable for compression
chillers. However, if the renewable energy sources
such as wind or PV solar were the energy source for
compression chillers, with a primary energy factor of

1 - 1.25", the primary energy consumption comparison
would be favourable for compression chillers.

17 http://iinas.org/tl_files/iinas/downloads/GEMIS/2015_PEF_EU-28_Electrici-
ty-2010-2013.pdf, last access 12 May 2017.



The results of the total energy consumption (kWh/a) of
the different Jetwing Hotel facilities is shown in Figure 9.
The analysis shows that JW Yala has the highest energy
consumption, amounting to 5,568,763 kWh/a, and Ayu Pa-
vilions has the lowest energy of about 619,049 kWh/a. The

difference in energy consumption is a result of the differ-
ence in size between the two hotels. The use of absorption
chillers in Yala and Lagoon has also led to a higher energy
consumption of these hotels compared to the others.

FIGURE 9: ENERGY CONSUMPTION IN RAC EQUIPMENT (KWH/A) OF VARIOUS JETWING HOTELS
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The total electrical energy consumed per room for the
hotels is shown in Figure 10. It outlines that JW Blue
consumes the highest energy per room compared to other
hotels. The electricity consumption of JW Yala and JW
Lagoon has reduced significantly as most of the cooling
energy is produced by absorption chillers. JW Yala
consumes the least amount of electricity per room. JW
Yala consumes around 40% less electricity than JW Sea,
which is the lowest electricity consumer among the hotels
using compression chillers.

Beach Sea

Jaffna Vil Uyana St Andrew's  Ayu

Pavillons
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FIGURE 10: ELECTRICITY CONSUMPTION PER ROOM IN JETWING HOTELS
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The highest electricity consumption per room of JW Blue
can be traced to the use of compression chillers for its
space cooling purposes. However, even though it has the
highest number of rooms, its total energy consumed is
lower than that of JW Yala and JW Lagoon.

Although it has the lowest number of rooms, most of

the RAC equipment is utilized full-time in JW vil Uyana,
making it one of the most energy-intense hotels of the
Jetwing Group. On the other hand, JW Yala and JW
Lagoon, which use absorption chillers, have the highest
energy consumption pattern (Figure 9). About 95% of the
energy used in both Yala and Lagoon is produced by the
absorption chillers using biomass as fuel, only the re-
maining 5% is taken from electricity in vapor compression
chillers, as shown in Figure 11. The vapour compression
chillers in Yala and Lagoon are used as backup chillers in
these hotels.

The varying size of the individual rooms and the total

number of rooms in each hotel may explain the varying
energy consumption patterns.
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FIGURE 11: TOTAL ENERGY FROM VAPOUR ABSORPTION
CHILLERS AT TWO DIFFERENT SITES OF THE
JETWING GROUP
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6.2 SHARE OF COOLING

The energy used for cooling the rooms depends on the to-
tal cooling load of the buildings. Space cooling load is the
rate at which heat is removed from the conditioned space
to maintain a constant comfort temperature within the
space. Cooling load depends on the total internal load, the
heat generated by occupants, equipment, light, external
loads, and the heat gained through building envelopes.

The higher the cooling load, the greater the energy
required for cooling. Hence, reducing the cooling load is
key to the sizing of RAC systems, and hereby the regula-
tion of the total energy use. The share of cooling (electri-
cal) energy with respect to the total energy consumption
is shown below:

FIGURE 12: SHARE OF COOLING ON TOTAL ELECTRICITY CONSUMPTION (SOURCE: DATA JETWING, 2016)

80%

0%

60%

50%

40%

30%

20%

10%

Share of cooling on total electricity consumption (%)

Beach Ayu
Pavillons

Vil Uyana Blue

Figure 12 illustrates that JW Beach has the highest
cooling electricity consumption of 64%, and JW Yala
consumes only 27% of the total electricity used for cool-
ing purposes.

The total electricity consumption pattern and the cooling
energy analysis show that, although JW Yala consumes
the largest amount of energy, the electrical energy used
for cooling by JW Yala is the least. The decline in energy
used for cooling, compared to the total energy can be
related to the use of absorption chillers providing most of
the energy required for cooling of the rooms and build-
ing spaces and keeping the electricity usage at minimum.
Thus, the use of absorption chillers can be completely
justified by the reduced electricity consumption for cooling
in JW Yala and JW Lagoon.

Jaffna St.

Lighthouse Sea Lagoon Yala

Andrew's

The total cooling energy per room is shown in Figure

13, which includes energy used by equipment, auxiliary
devices, lighting, heating, and cooling, ventilation and
air-conditioning. This analysis provides an understanding
on the amount of energy used for cooling within a room
compared to the total energy consumption.

Green Cooling Roadmap for the Jetwing Hotel Group in Sri Lanka | 25



FIGURE 13: TOTAL ENERGY VS. COOLING ENERGY
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As mentioned above, JW Blue consumes the highest the space cooling purposes is provided by the vapour
amount of electricity per room, while the least amount absorption chillers. Although the energy used per room
is used by JW Yala. The amount of electricity consumed at JW Yala and JW Lagoon is around 60,000 kWh/a,
for cooling corresponds to more than 50% of the total both hotels consume only 6 - 8% of electricity, keeping
electricity used the majority of the hotels, except for the emissions at a minimum. Furthermore, the overall
JW Yala and JW Lagoon. Reason for the low cooling economic benefits of using absorption chillers at Yala

electricity consumption by JW Yala and JW Lagoon is the and Lagoon are high, as the fuel used (cinnamon wood)
use of absorption chillers. Most of the energy required for s relatively cheap.

FIGURE 14: TOTAL GHG EMISSIONS
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6.3 BENCHMARKING ENERGY CONSUMPTION

The energy consumption of the different hotels of the
Jetwing Hotel Group was compared with an international
benchmark. The benchmark shows total energy use
intensities (EUI) as electricity consumption per square
meter. For the international comparison, published data
from Singapore are used, as Singapore has region-

ally advanced energy efficiency standards and a similar
tropical climate to Sri Lanka.

TABLE 4: ENERGY USE INTENSITIES OF SINGAPORE
HOTEL SECTOR

Equipment Minimum iMaximumi Mean

Total Energy Consumption

(kWh/square meter) 264 592 427

RAC Energy (62% of total)%

(kWh/square meter) 167 373 269

(Source: Priyadarsini et al. 2009)

The EUI data for Singapore provide a maximum RAC energy
consumption of 373 kWh/square meter and a minimum
value of 167 kWh/square meter, and on average about
62% of the total energy consumption.

Nearly all hotels of the Jetwing group currently
demonstrate an energy consumption pattern within the
range of the Singaporean level (Figure 15).

6.4 REFRIGERANT CONSUMPTION

Refrigerants are applied at various levels in RAC systems,
such as air conditioners, chillers, refrigerators, freezers,
condensing units, and stand-alone systems. The major
types of refrigerants used in the Jetwing Hotel Group

are R-404A, R-22, R-134a, R-410A, R-502, R-407C, and
R-408A. The following table provides the GWP and the
ozone depletion potential (ODP) of various refrigerants
used in cooling systems by the Jetwing Hotel Group.

FIGURE 15: ELECTRICITY CONSUMPTION INTERNATIONAL BENCHMARK
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TABLE 5: REFRIGERANT PROPERTIES

Refrigerants Application Properties
Type GWP' 0DP's
R-404A . Condensing Unit HFC 3922 0
: Air conditioners, ;
R-22 - Chillers, Condensing HCFC 1810 0.055
‘ Unit ‘ ‘ 3
R-134a § Refrlgerator.s/Free.zers, § HEC 1430 0
‘ Condensing Unit ; ;
R-410A ~ Air conditioners HFC 2088 0
R-407C Chillers HFC 1774 0
Most of the air conditioners use R-22 and R-410A as Figure 16 shows the total amount of refrigerant (kg)
refrigerants, while chillers are run by R-22 and R-407C. consumed in the year 2015 by all ten Jetwing hotels.
The two vapour absorption chillers at JW Yala and JW R-22 is used in most of the RAC equipment, followed
Lagoon use distilled water with a GWP of zero. In general, by R-404A and R-408A. In 2015, around 95 kg of R-22
most of the RAC systems in Jetwing hotels use high were used to recharge various refrigeration and air
GWP refrigerants. The consumption of various types of conditioning systems. The use of R-22 and other HFCs
refrigerants is represented by the following figure. as refrigerants has impacted on the increase in direct

GHG emissions. To counter this effect, the use of low
GWP or natural refrigerants is highly recommended.

FIGURE 16: REFRIGERANT CONSUMPTION PER TYPE IN JETWING HOTEL GROUP
(SOURCE: DATA PROVIDED BY JETWING, 2016)

Refrigerant consumpAon (kg)

R-22 R-404A R-134a R-502 R-408A

18 Global Warming potential, IPCC 4th assessment report, 2007:
https://www.ipcc.ch/report/ar4/, last access 12 May 2017.
19 0Ozone Depletion Potential, UNEP, 2006.
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7. GHG EMISSIONS
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7.1 CURRENT GHG EMISSIONS

The RAC emissions scenario for all ten hotels was
modelled based on the 2016 energy consumption pattern.
The overall pattern shows that the majority of emissions
are indirect emissions (94%) produced from the burning of
fossil fuels to operate the cooling appliances, and 6% are
direct emissions from the leakage of refrigerants.

FIGURE 17: RAC GHG EMISSIONS (tC0,eq)

DIRECT REFRIGERANT EMISSIONS
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INDIRECT ENERGY
RELATED EMISSIONS
62,381 tC0,eq
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The total emissions per year were estimated at around
60.33 ktCOzeq. The total emissions in the RAC sector
according to the BAU scenario, as estimated by GClI,

are 4.79 MtCOzeq. This shows that out of the total RAC
emissions in Sri Lanka, the ten assessed Jetwing Hotels
accounts for 1.25% of the national GHG emissions arising
from the RAC sector.

FIGURE 18: GHG EMISSIONS OF RAC EQUIPMENT (tCO,)
IN 2015

CONDENSING UNITS
2.339,35

CHILLERS

REFRIGERATORS 33.065,77

10.804,60

AIR CONDITIONING
20.118,75

Figure 18 indicates that vapour compression chiller units
used in the Jetwing Hotel Group produce more than

half of the GHG emissions in the RAC sector. Unitary air
conditioners produce approx. 30%, and refrigerators and
condensing units together account for a portion of 20% of
the overall emissions.
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The majority of emissions result from operating AC chillers
and unitary air conditioners. Refrigeration units show
considerably less emissions compared to the air condi-
tioning units. The emission scenario shows that there is
great potential to reduce indirect emissions from the RAC
systems to achieve the required GHG emission reduction.
The emission data per room (Figure 19) shows that JW
Vil Uyana has the highest emissions per room, followed
by JW Jaffna. The highest emissions of JW Vil Uyana can
be traced to the maximum utilization of RAC equipment
throughout the year.

The emission scenario per room clearly indicates the
modest reduced emissions by JW Yala and JW Lagoon.
The operation of absorption chillers using biomass as
fuel has emerged as one of the key alternatives in the
reduction of GHG emissions by the Jetwing hotel group.
These GHG emission reductions and mitigation strategies,
along with other technological alternatives, are discussed
in the following section.

/



FIGURE 19: TOTAL GHG EMISSIONS (tCO.eq) PER ROOM PER YEAR
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7.2 ABSORPTION CHILLERS

Absorption chillers have numerous advantages compared
to electric cooling systems. Utilizing waste heat greatly
increases the cost effectiveness of the system. Absorp-
tion chillers reduce the operating costs by avoiding the
peak electric demand charges, and the use of absorption
chillers eliminates the high incremental cost of electric
cooling. Vapour absorption chillers have greater absorption
efficiency than similar electric cooling systems.

The major benefits associated with vapour absorption
chillers are:
¢ Eliminating the use of CFC or HCFC refrigerants

¢ Quiet and vibration-free operation

« Lower pressure systems with no large rotating
components

¢ Low maintenance and high reliability

Pavillons

Beach Blue Yala St.

Andrew's

Lagoon

Natural vapour absorption chillers greatly contribute to
the mitigation of GHGs in the environment, as water and
salt water solutions are used in the absorption cycle as

a refrigerant and absorbent instead of the major climate-
damaging refrigerants like the CFCs, HCFCs and HFCs. On
the other hand, the capital expenditure required for the
purchase and installation of vapour absorption chillers is
considerably higher compared with the similar size vapour
compression chiller.?

Given the reduced energy consumption and GHG emissions
along with the typical financial returns, absorption chillers

become one of the major alternative technological recom-
mendations instead of the vapour compression chiller.

20 A detailed cost benefit analysis is provided in section 9 of this roadmap.
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8. GHG MITIGATION OPTIONS

The following chapter introduces GHG mitigation options,
underlying strategies and concrete measures for the

key fields of RAC applications in the Jetwing Hotel
Group. Table 6 shows four strategies including concrete
measures, which are further detailed in the following.
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TABLE 6: GHG MITIGATION STRATEGIES BASED ON VARIOUS RAC TECHNOLOGY INTERVENTIONS

GHG mitigation option Strategy

Decrease the required
1 cooling load through
optimized cooling
demand management and
architectural changes

Cooling load

2 Transition to RAC
appliance with low GWP/

. natural refrigerants
Refrigerants :

3 Improve the energy
efficiency of the installed

appliances or switch to
more efficient appliances

Energy efficiency

Use solar/wind to power
compression chillers or
absorption chillers with
renewable heat sour-
ces, i.e. solar thermal or
biomass

A

Renewable energy

As for Strategy 1, it is suggested to take measures to
lower the cooling load of the building. The estimated
effect is to lower the carbon footprint by up to 20%. Some
of the suggested actions can be applied in the short-term.
Other changes such as architectural measures are more
long-term, require changes in the building architecture
including its orientation, or can only be considered for
newly built hotels (for a more in-depth analysis further
details would be required from the Jetwing Hotel Group)?".

Well-insulated (double glazed) windows help to keep the
building warm in winter and cool in summer by eradicating
the infiltration of air. Moreover, the installation of external
movable sun shading devices is highly recommended in
hotels that are exposed to summer sun. Well-designed sun
shading devices will keep the building cool and comfort-
able, and limit the space conditioning needs of the hotel.
Sun control films which are put on window glasses can
reduce the heat penetration into buildings. This contributes
to the reduction of cooling energy requirements and comes

21 For an in-depth analysis further details would be required from the Jetwing
Hotel group.

Measures

» Window or building insulation

« Prevention of infiltration air - air sealing
+ Duct insulation

+ Shading devices

» Energy efficient lighting

« Split ACs: R-22/R-410A = R-290

« AC chillers: R-407C/R-22 = R-290/R-717
« Refrigerators: R-134a — R-600a

+ Condensing Units: R-404A/R-22 — R-600a

+ Improving the COPs of RAC equipment's can make
the systems more energy efficient, i.e. split ACs
with SEER larger than 5

Integration of renewable technologies for the residual
energy use

» Renewable energy from e.g. solar or wind to
generate electricity to drive the compressors of
chillers, unitary air conditioners and refrigeration
equipment.

» Use renewable energy such as a solar thermal or
biomass to power absorption chillers.

in use in terms of mitigating emissions in the atmosphere.
The same is applicable to buildings. Exterior walls are
insulated either internally or externally. This enables the
building to benefit from the thermal mass of the walls.
Thermal insulation of buildings is required to reduce the
cooling loads as it provides a barrier for solar radiation.
It is mainly specified to control three components of heat
transmittance, such as: :

« Conduction of heat through building fabric

» Convection via air movement

 Radiant transmission, typically through glass
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According to a report written by Becken and Becken
(2015), high levels of air tightness and insulation are

the key requirements for low energy. Insulating products
include mineral and glass fibre, cellular glasses, plant
and animal-sourced cellular and fibrous products. Ther-
mal insulation enables the passive use of solar energy on
exterior walls. The short-wave radiation passes through
the transparent insulation, reaches the wall partition,
and heats it up. However, the long-wave infrared radia-
tion emitted from the walls does not pass through, as the
insulation layer is opaque to infrared radiation. A green
roof, i.e. a plant layer on top of the walls, also helps re-
duce overheating of the buildings in the summer. The plant
layer absorbs and reflects the short-wave radiation from
the sun, and the absorbed energy is then used through
evaporative processes and photosynthesis, such that it
does not heat the building.

Geometrical thermal bridges are created through an en-
largement of the heat-emitting or absorbing surface area.
Examples are inner or outer corners (3-d thermal bridges)

or room edges (2-d thermal bridges) of external partitions.

Thermal bridges related to material properties are located
in areas where the thermal properties of one or several
layers of a structural element are altered (e.g. concrete
column in a brick wall, mounting equipment penetrating
the element). Thermal bridges related to mass flow are
locations of material transport with energy transfer (air
leakages, penetration of pipes through structural ele-
ments)

In order to maximize efficiency, cooling strategies need
to be associated with solar protection, cooling ventilation,
air cooling and thermal mass? within the buildings. The
thermal mass originates from the material used for the
walls.

Sun shading devices covering the windows also play an
important role in minimzing the cooling loads in hotels.
A green wall can reduce the temperature of the walls by
as much as 10°C in summer, thus lowering cooling needs
inside the building. It also filters air particles and im-
proves air quality. Green walls are vertical surfaces filled
with living, growing plant matter.

Strategy 2 suggests to replace the RAC appliances in
which fluorinated high GWP are currently used with
appliances using low GWP, natural refrigerants. For split
appliances, highly efficient appliances using R-290 are
available on the market. For chillers, highly efficient
R-290 ACs or ammonia chillers are available on the
market. For refrigerators, R-600a or R-290 appliances
with high energy effeciencies are available.

22 Thermal mass : Ability of a material to absorb and store heat energy.
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Strategy 3 suggests to

* Replace current appliances with highly energy ef-
ficient appliances, where for unitary ACs a minimum
energy efficiency of 5 (Seasonal Energy Efficiency
Ratio - SEER), and for chillers an Integrated Part
Load Value (IPLV)® of above 5, should be targeted.
Refrigerators should not consume more than 200-
300 kWh/L per 100 L volume. When appliances are
replaced, strategy 2 and 3 can be combined.

+ Variable Air Volume (VAV) systems are commonly
recommended instead of constant air volumes units,
as they offer more efficiency as well as reduced
operating costs. In split systems, it is recommended
to use a direct current (DC) inverter system because
it allows the adjustment of cooling power based on
the actual loads of the rooms, hereby reducing the
electricity consumption.

« Effective and controlled ventilation needs to be
provided in hotels in order to maintain comfort and
the right amount of humidity. Increased humidity
causes the cooling systems to consume more energy,
and thereby results in increased GHG emissions.
Mechanical ventilation with proper airflow is
recommended wherever possible. These mechanical
heat exchangers can save up to 50% of energy use.
Stand-alone systems and window air conditioners
are not recommended due to their high energy
consumption.

Strategy 3 is estimated to have an effect of about

20% electricity savings. Electric appliances with a high
energy efficiency rating are usually a high return, low
risk investment (Hotel Energy Solutions, 2011).

Strategy 4 aims to cover the remaining energy needs
for cooling from renewable energy sources. This can be
achieved with heat from solar thermal energy or bio-
mass for the absorption chillers, or with wind or solar
energy for RAC appliances with electrical compressors.
The night load could be covered with wind and solar
energy sources in combination with electricity storage
solutions.

23 The Integrated Part Load Value (IPLV) is a performance characteristic
developed by the Air-Conditioning, Heating and Refrigeration Institute
(AHRI). Unlike an EER (Energy Efficiency Ratio) or COP (coefficient of
performance), which describes the efficiency at full load conditions, the
IPLV is derived from the equipment efficiency while operating at various
capacities.



The combined mitigation effect was modelled for the
Jetwing Group, as depicted in Figure 20. According to the
calculations, the total GHG emissions of the Jetwing Hotel
Group account for approx. 66 ktCOy/year. The mitigation
scenario suggests a near decarbonisation towards 2050,
in line with the global climate targets agreed under the
Paris Agreement.

FIGURE 20: MITIGATION SCENARIO BASED ON VARIOUS STRATEGIES FOR THE JETWING HOTELS
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To show a possible mitigation pathway for the Jetwing
Hotel Group, strategies 1 - 4 have been applied for the
period until 2050, as illustrated in Figure 21, which shows
the cumulative mitigation potential, and Figure 22 which
shows the residual emissions.

The first mitigation step will happen until 2020, when,
as part of the cooperation between the Green Cooling
Initiative and Jetwings, the conventional chillers will

be replaced with absorption chillers. Between 2020 and
2030, given the typical lifetime of the equipment, all
RAC appliances of the Jetwing group will be replaced
with low GWP RAC appliances with a 10 - 20% improved

Reduced
cooling load

Low GWP  Improved  Renewable
refrigerant  energy power &
efficiency  storage

energy efficiency. Thereafter, the energy efficiency of the
equipment will improve by 2% annually. The remaining
emissions will be lowered with a transition of the
electricity supply from fossil fuels to renewable energy
sources. Renewable energies, particularly PV solar, have
seen tremendous cost reductions over the last 10 years. In
many countries worldwide, PV solar is already a cheaper
energy source than i.e. electricity from coal power plants.
It is assumed that after 2030 renewable energy will
quickly take-off and become the mainstream power supply
solution, either through grid electricity supply or decen-
tralised insular systems with own battery power banks to
cover the evening and night power supply.
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FIGURE 21: CUMULATIVE MITIGATION POTENTIAL BASED ON RECOMMENDED STRATEGIES (2015-2050)
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FIGURE 22: RESIDUAL GHG EMISSIONS AFTER APPLYING RECOMMENDED STRATEGIES (2015-2050)
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9. FINANCIAL BENEFITS
1

\

The financial analysis investigates the financial benefits
of applying energy efficient, low GWP RAC systems as
suggested under Strategies 2 and 3 in Chapter 8.

The analysis covered under 9.1 contains a cost analysis
for chillers with low GWP refrigerants, with a separate
analysis for R-290 hydrocarbon chillers, low GWP R-290
or R-717 compression chillers (Option 1), and absorption
chillers (Option 2). All compared chiller options were
assumed to have the same cooling capacity of 400 kW.

9.1 CHILLER COST ANALYSIS

For the cost analysis, conventional R-22 or HFC chillers
are compared with low GWP, R-290 compression chillers
(Option 1) and absorption chillers (Option 2). All compared
chiller options were assumed to have the same cooling
capacity of 400 kW.
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Option 1 evaluates an alternative R-290 compression  The cost of biomass was assumed at 0.36
chiller with 10% higher investment costs and an improved US Dollars/kg.
energy efficiency.
« No inflation rate was assumed for the operating and

Option 2 evaluates an absorption chiller as an alternative fuel costs.
system. The cost of operating the absorption chiller
with biomass as fuel is also considered, along with the « No tax consideration.

auxiliary electricity consumption of the system.

Table 7 provides the comparison of the current system
The following simplifying assumptions were made for the with the two recommended alternatives.
comparison:

TABLE 7. COMPARISON OF ENERGY-EFFICIENT ALTERNATIVES WITH CURRENT SYSTEM
SOURCE: HEAT ANALYSIS

Current System Option 1 Option 2

Vapour Compression High efficiency vapour Vapour absorption
compression

Refrigerant R-22/R-407C R-290 or R-717 Distilled Water
Lifespan (Years) 20 20 20
copP 447 5.14 140
Running hours 7,950 7,950 7,950
(hours/a)
Electricity consumed

125,2
(kWh/a) 700,395 595,335 5,280
Elec. cost per year 77,043 65,487 13,781
(US-Dollars)
Biomass consumed NA NA 1,387,000
(kg/year)
Biomass cost NA NA 41,610

(US Dollars)

GHG Emissions

(tCOz/year) 667 575 379

The total capital investment of each of the equipment is
taken from the Spon’s Architects and Builders Price Book
2016. The Capital expenditure (CAPEX) and the operational
expenditure (OPEX) are shown below in Table 8.
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TABLE 8: CAPITAL, OPERATIONAL AND SAVINGS OF THE TWO OPTIONS

SOURCE: HEAT ANALYSIS

CAPEX

(US-Dollars)
Current system 54,359
Option 1 59,795
Option 2 83,498

The OPEX savings are based on the cost of fuels used,
electricity for Option 1, and both electricity and biomass
for Option 2. The simple payback period and return of
investment (ROI) for both options are calculated based on
the OPEX savings.

OPEX OPEX Savings
(US-Dollars/year) (US- Dollars/year)

83,141 -

70,670 12,471

59,775 23,366

The return of investment and simple payback period as
calculated from CAPEX and OPEX are shown in Figure 23.

FIGURE 23: RETURN OF INVESTMENT (ROI) AND SIMPLE PAYBACK PERIOD

SOURCE: HEAT ANALYSIS
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The simple payback calculation shows that Option 2
(absorption chiller) takes a period of 3.5 years to pay
back the total capital investment, while Option 1 (vapour
compression chiller) takes around 4.8 years to pay back.
Moreover, the return of investment relative to the CAPEX
is higher for Option 2 than for Option 1. The data provided
advocates for Option 2 over Option 1. However, Option 2 is
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heavily dependent on the supply of biomass and its price
stability. Furthermore, the absorption system usually does
not cover the whole cooling load requirements of a large
building, which implies that a conventional system needs
to be able to run in parallel or as a substitute. Having

an absorption chiller run along a compressor chiller
increases the system complexity.
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9.2 COST ANALYSIS FOR AC AND
REFRIGERATION EQUIPMENT

Chapter 9.2 covers a comparison of conventional HFC
systems for unitary ACs and refrigerators with alter-
native low GWP systems. Again, a 10% improved energy

efficiency performance will be assumed for the R-290 or

R-600a systems compared with the conventional systems.
Table 9 provides the comparison between the current and
the recommended alternatives.

TABLE 9: AIR CONDITIONER AND REFRIGERATOR ALTERNATE OPTIONS

SOURCE: HEAT ANALYSIS

Air conditioners

Refrigerators

Current New Option? Current New OptionZ
Refrigerant R-22/R-410A R-290 R-134a R-600a
Lifespan (Years) 20 20 10 10
COP/EER 3.1 35 3.1 35
E&W;;:’)ity consumed 8,406 7,145 1,285 1,092
Elec. cost per year 9725 786 141 120

(US-Dollars)

As mentioned earlier, the inflation rate of electricity and
the depreciation rate of the equipment over time is not
considered in the analysis. The capital expenditure is
considered the same as equipment costs?.

Table 10 shows the capital operational expenditures and
operational savings for the refrigerators and air condition-
ers. The OPEX is calculated from the total electricity (kWh)
consumed. The ROl and simple payback are calculated from
the CAPEX and OPEX savings and are shown below.

TABLE 10: CAPITAL AND OPERATIONAL EXPENDITURES OF VARIOUS SYSTEMS

Air conditioners

Refrigerators

Current New Option Current New Option
EL?SP-%)zllars) 573 777 544 714
OPEX
(US-Dollars/year) 998 848 152 130
OPEX Saving ; 150 . 29

(US- Dollars/year)

24 Godrej & Boyce Split Air Conditioner (1.5 Ton), R-290.
25 Godrej & Boyce 350 L, R-600a.
26 Installation costs are not considered.
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FIGURE 24: RETURN OF INVESTMENT (ROI) AND SIMPLE PAYBACK PERIOD FOR AIR CONDITIONERS AND REFRIGERATORS
SOURCE: HEAT ANALYSIS
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A simple payback period as shown in Figure 24 shows a
payback of 4.6 years for the refrigerators, and a very short
payback of 1.4 years for air conditioning units. The alter-
native split air conditioning unit provides a fairly good ROI
of around 73%, while the alternate refrigerator gives back
around 22% of the investment.
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10. RECOMMENDATIONS

The following recommendations were drawn for the
Jetwing Hotel Group, the Sri Lankan hotel industry in
general, and the relevant government agencies (such as
the Sustainable Energy Authority within the Ministry of
Power & Renewable Energy, and the National Ozone Unit
within the Ministry for Environment).

Recommendations to the hotel industry

Hotel owners and operators in Sri Lanka are well-advised
to tap the large energy, cost, and GHG emissions saving
potential that lies in alternative RAC technologies and
optimized cooling demand management.
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Hotel buildings differ with regard to their building
shape, cooling needs, age, and performance of existing
cooling equipment. Taking into account all four strategic
approaches (cooling load assessment and adjustments
with view to load management and architectural
adjustments, application-related refrigerant conser-
vationand energy efficiency increase, and renewable
energy sources for cooling) allows hotel operators

to make use of the entire saving potential, in order

to introduce comprehensive green cooling solutions
over time. With regard to the Jetwing Hotel Group,
particular recommendations include:



« Transition either to absorption chillers (driven by steam
from a sustainable energy source) or compression
chillers with natural refrigerants. The Jetwing Hotel
Group has pioneered with the commissioning of an
absorption chiller driven by steam from the combustion
of cinnamon wood - a sustainable crop. As the analysis
has shown, the installation of absorption chillers
is effective to lower the GHG balance of the hotel
group, and highly economic at current biomass prices.
Currently, two hotels of the Group are operating with
absorption chillers, and, in cooperation with the Green
Cooling Initiative, the installation of a further absorp-
tion chiller in the Jetwing Blue Hotel is planned. For
the remaining hotels, it is recommened to either also
install absorption chillers, or to transitition to com-
pression chillers with natural refrigerants. Over the
last 10 years, electricity prices from PV solar installa-
tions have been continously falling, and are predicted
to further decrease. It is forseeable that solar power
in combination with local or central electricity storage
solutions will become the most competitive source
of energy supply. Therefore, the installation of highly
efficient compression chillers powered by renewable
electricity supply, either from central or local sources,
will increasingly become an effective solution for the
Jetwing Hotel Group’s decarbonisation strategy. Chill-
ers with natural refrigerants, particularly R-717 and
R-290, show superior energy efficiency and have zero
or negligible direct emissions. The installation of these
chillers needs to be accompanied with a specific
training and certification programme for the technical
maintenance team.

« Where air conditioning management is decentralized
with unitary air conditioners, it is recommeded to
transition towards unitary air conditioners with R-290
as refrigerant. These appliances are increasingly
commercially available at competitive rates, can be
safely operated, and have a superior energy efficiency
compared to the currently installed unitary air condi-
tioners with conventional (fluorinated) refrigerants.

o Similarly, for the Hotel Group's refrigeration needs, it
is recommened to transition towards refrigeration
solutions with natural refrigerants, mainly R-600a.
R-600a has become the dominant refrigerant for
domestic refigerators and standalone refrigerators.
Furthermore, commercial refrigeration appliances with

charge amounts of at least 500g of R-290 can be safely

operated with natural refrigerants. The energy efficiency
of all these appliances is superior compared to HFC-
based refrigeration equipment, and these appliances
can be commerically obtained at competitive conditions.

For all appliances with natural refrigerants, it is
recommended to accompany their installation and
operation with a proper training and certification
progamme of the technicians who are mandated to
maintain the RAC appliances.

Recommendations to relevant government agencies:
« Skilled and certified refrigeration and air conditioning

technicians are a prerequisite to ensure a proper

and safe handling of low GWP refrigerant-based

RAC appliances. The government is well advised to
adopt and expand training programmes in vocational
schools and building management training programmes.
Furthermore, a certification programme helps to ensure
standard qualification of technicians.

Moreover, government incentives on specific RAC
technologies can accelerate the application of more
climate-friendly and efficient cooling applications.
This can, for instance, be achieved by subsidizing
investments into green cooling equipment, based on
pre-defined clean technology standards that have to
be met upon commission. This can reduce or eliminate
the higher up-front incremental costs that often arise
with more efficient technology options.
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