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Chapter 1

Introduction

1. Introduction

This Energy Efficiency Handbook provides
practical guidance on using energy more
efficiently in your organization and significantly
reducing energy costs. In particular, this includes
low- and no-cost measures that can be realized
immediately or over a short period of time
without high cost investment. In addition, some
innovative measures for refurbishment activities
and new built facilities are presented.

The handbook not only focuses on energy
efficiency measures in all major energy
consuming areas of your hotel but also on the
application of renewable energy technologies
(e.g. solar water heating, heat pumps,
photovoltaic etc.). This handbook also provides
information on the importance and functionality
of energy management systems.

Overall, it is an energy-related guideline on how
you can achieve considerable cost advantages
whilst fulfilling the highest comfort levels for
your guests and improving the environmental
situation of your hotel.

This handbook has been issued as part of the
“Program for Energy Efficiency in Kho
Khao” (PEEK). PEEK is a project financed by the
German Federal Ministry for the Environment,
Nature Conservation and Nuclear Safety under
the International Climate Protection Initiative.
The initiative supports climate protection
projects worldwide in developing, newly
industrializing and transition countries in order
to contribute effectively to emission reductions
and adaptation to climate change. On the island
of Kho Khao in the province of Phang-Nga,
energy efficiency measures are implemented in
hotels as part of the PEEK project in order to
significantly reduce green house gas emissions
from tourism on the island. The experiences from
the PEEK project have been incorporated into
this handbook to benefit other hotels in
Thailand.

Content & style:

The handbook provides a summary of practical
instructions addressed to hotel management and
operational staff on improving energy
performance and reducing operating costs. It
provides ready-to-use energy efficiency
measures for most important energy
consumption areas in your hotel -- especially low
cost measures for cooling (air conditioning and
refrigeration), cooking, water heating, lighting
and ventilation. A wide range of energy efficiency
measures are listed for each of the main
technical areas in the form of collected best
practice examples - easy to understand and with
calculation examples.

The handbook encourages the active
participation of all hotel staff in energy saving
measures by offering information about the
importance of energy efficiency for each
operational area. It points out the meaning and
technical relation of energy saving measures to
their immediate work sphere and clarifies the
effects of their behavior on energy consumption.
It aims to raise staff awareness so that everybody
can contribute actively to the process of energy
conservation.

The handbook also highlights energy saving
potentials and explains technical processes
visually, through drawings and charts. With this
information you can train your staff and give
them the basic technical knowledge on how to
save energy. Checklists for the different
operational areas add to the implementation
process.

Structure:

This Energy Efficiency Handbook is divided into
the following five chapters:

Chapter 1: Introduction

Chapter 2: Climate Change and Tourism
Chapter 3: Energy Management
Chapter 4: Energy Efficiency Measures
Chapter 5: Checklists

Chapter one sets out the aim of this handbook,
describes content, style and structure, and
depicts the target groups.




o Chapter 1
A sustainable concept.

Chapter two explains the greenhouse gas effect
and global warming. It describes the twofold
relationship between climate change and
tourism and why energy efficiency and
renewable energy matter.

Chapter three provides an introduction into
energy management. It explains how you can
measure energy consumption regularly and
reduce energy costs in your hotel in a structured
way. Managers will learn about operating an
energy management system and be equipped to
assess the overall energy situation in their hotel.

Chapter four represents the core of this
handbook. It provides a collection of best
practice examples for different technical areas
such as refrigeration, air conditioning,
ventilation, water heating, lighting, and building.
These include immediate measures as well as
different technical solutions.

Chapter five provides exemplary checklists for
those operational areas of a hotel that tend to be
energy intensive. These checklists can be
distributed to the staff of the relevant
operational areas in order to assess the current
energy situation and realize energy efficiency
measures. Checklists for office areas can also be
used by maintenance staff for public /community
buildings.

Target group:

This handbook can be used by Thai hotels of all
sizes and standards.
The most important target groups within a hotel
are:

- Hotel management as decision makers,

- Engineering and maintenance staff with
insight into technical maintenance tasks,

- Staff of different operational areas in your
hotel.

Management staff in communities / public
buildings can also make use of this handbook.

The chapters are structured to address the following target groups in particular:

Chapter

Target groups

Hotel management; management staff in communities

2 All readers

managerial background

3 Hotel management; management staff in communities; engineering staff with

4,5 Engineering and maintenance staff; staff of different operational areas




Chapter 2

Climate Change
and Tourism

2.1 Greenhouse Effect

Almost 100% of the observed temperature
increase over the last 50 years has been due to
the increase of greenhouse gas concentrations in
the atmosphere, such as water vapor, carbon
dioxide (CO2), methane and ozone. Greenhouse
gases are those gases that contribute to the
greenhouse effect:

Sunlight reaches the Earth. Parts of solar
radiation are absorbed and warm the earth and
most of the rest is radiated back to the
atmosphere. Some of these longer wavelengths
are absorbed by greenhouse gases in the
atmosphere before they are lost to space. This
absorption warms the atmosphere. These
greenhouse gases act like a mirror and reflect
back to the Earth some of the heat energy which
would otherwise be lost to space. This process of
heat energy being reflected back by the
atmosphere is called the "greenhouse effect".

The Greenhouse Effect

Source: US departmentof EnergyEfficiency and Renewable
Energy

The largest contributing source of greenhouse
gas is the burning of fossil fuels like coal, gas and
oil, which lead to the emission of carbon dioxide.
The rise of the concentration of greenhouse

gases like CO2 leads to a rising temperature on
the earth as can be seen in the following chart:
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There are studies undertaken by different
research institutes on how global temperature
will develop over the next years. Because of the
long period of time and difficulty of modeling
systems the results vary widely. But all of the
studies mention that temperature will rise in this
century.

Global Warming Projections
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The world map below shows a potential change
in worldwide temperature and its distribution in
the years 2080-2099. The relevant geographic
area for Thailand is highlighted with a blue circle.

Global Warming
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Source: IPCC 2007

2.2 Relation between Tourism and Global
Warming

The relation between climate change and
tourism is twofold: climate change impacts
tourism and tourism impacts climate change in
return.

To take concerted action against climate change
the UNWTO jointly with the United Nations
Environment Programme (UNEP) and the World
Meteorological Organization (WMO), with the
support of the World Economic Forum (WEF) and
the Swiss Government convened the Second
International Conference on Climate Change and
Tourism.

The tourism industry is responsible for 4 to 6
percent of CO2 emissions worldwide. Use of non-
renewable energy from oil and gas leads to an

Chapter 2

increase in CO2 concentration in the
atmosphere. Additionally, the consumption of
electrical energy affects CO2 output because the
energy is generated mostly from non-renewable
fuels like coal or gas. Emissions of CO2 start with
the transport of tourists. Airplanes need
kerosene, trains need electricity and taxis need
fuel.

Furthermore, the welcome drink with ice made
in the ice machine, the hot shower and the air
conditioned rooms all consume energy. So every
form of tourism and all aspects thereof, affect
climate change.

On the other hand the climate change also
affects the tourism industry.

Due to rising global temperatures parts of
glaciers and the arctic will melt, or have already
begun to do so. This leads to rising sea levels,
which will concern Thailand, and in particular its
long coastal area. The changing temperatures
can also lead to an increase in extreme weather
conditions such as storms or heavy rainfall.

So what can we do?

The best thing you can do is try to keep the CO2
emissions down to minimum and to spend as
little energy as possible. Another positive side
effect is that you will not only save emissions but
also a lot of money. The following chapters show
how this can be undertaken.




Chapter 3

Energy Management

3.1 Introduction to Energy
Management

Energy management involves paying attention to
energy consumption and costs at the structural
level of your organization.

When energy management is integrated into the
daily practice of your hotel, you create an
instrument with which your energy efficiency can
be improved continually. This in turn reduces
your energy costs.

Energy management can be seen from three
perspectives:

The organization

Energy management is embedded in the
operations and organizational structure of your
hotel. Important aspects of this are planning,
monitoring, information provision, management
and recording responsibilities.

The technology

The approach to energy management depends
on the processes and operating conditions of
your hotel. Technical measures are always
included — from generating and use of energy to
the provision of information.

The behavior

Energy management also takes social factors of
your hotel operations into account, such as
management style, attitude and behavior of
employees and the organizational structure of
your hotel business.

Energy management is based on the concept of
continual improvement: The Plan-Do-Check-Act
cycle. It ensures that your hotel continually
passes through the cycle of developing an energy
policy, implementing actions, and checking
results, on the basis of which new policy is made.
In practice, this means that you map out energy
flows at a certain point in time, identify the
relevant energy aspects and subsequently take
action. The analysis of your hotel’s energy
consumption must be done regularly in order to
keep insights up to date and to adapt measures
to changes. Even if the implemented measures
work, continuing to use the cycle can provide
further benefits and improvements.

Energy Management

Continuous Improvement

Management Review

Internal Audit

Energy policy

Planning

Implementation and operation

Monitoring and me asurement

Corrective and preventive action

Source: modified from DIN EN 16001:2009




A sustainahle concept.

Generally, the energy management can be part
of your hotel management system, your ISO
9001 or ISO 14001 system. These ISO standards
are also based on a process of continuous
improvement — if you have already implemented
them at your hotel it should be even easier to
start your energy management system.

Internationally, there is currently a trend to
introduce separate standards for energy
management systems (e.g. EN 16001 in Europe
or 1ISO 50001 worldwide). These in turn are based
on integration into existing management
systems.

Whether the energy management system works,
depends on the organization’s willingness to
manage energy consumption and energy costs.

3.2 Responsibility of Top Management

The secret of successfully introducing an energy
management is the commitment of employers.
Regardless of the size of your hotel, the success
of your energy efficiency measures will depend
on the motivation and commitment of your
employees. They are the users and thus best
positioned to save energy. Including your guests
in your efforts completes your energy
management.

In order to successfully implement an energy
management system at your hotel, it is therefore
important that persons at the highest level be
committed to and responsible for it —i.e. the top
management of the hotel. For example, the
managing director should include the managers
of the operational areas (such as kitchen, rooms,
spa & pool, restaurant etc.) into the energy
management team.

3.3 Getting Started

Starting and introducing an energy efficiency
management in your hotel requires you to:

e  Communicate to all staff the key aims of
your energy efficiency program and your
commitment to energy efficiency.

e Nominate an energy manager for your
hotel.
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e  Encourage staff to think about energy
efficiency and the ways in which they
can make more efficient use of energy
at work.

. Develop and encourage staff to take
ownership of key action points that are
relevant to their workplace.

First of all you have to clarify key objectives for
implementing an energy efficiency system:

e  Empower your hotel to make the best
use of energy, thus reducing emissions
of global warming gases .

e Identify the key action points of
immediate relevance for reducing
energy costs in your business and at the
same time improving safety, quality and
costumers comfort.

e Make a commitment to reduce the
energy consumption vyear-by-year by
using energy more efficiently, whilst
maintaining standards of guest comfort.

Each one of the employees can make a
contribution. However small an issue may seem
(turning down air conditioner for example), they
soon add up to large savings in energy
consumption, greenhouse gas emissions and
cost. Each and every staff in each area of the
operation can contribute towards reducing
energy consumption. Switch-off is a simple no-
cost action that everyone can take.

What are the main steps?

e Train and motivate your staff to keep
energy consumptions low.

. Start monitoring energy consumption
throughout your operation and set your
own targets for reduction.

e  Keep up-to-date with the latest grants
and loans available for new technology.

e  Stay informed about of best practices
and how others are achieving energy
savings.

. Research the most energy efficient and
appropriate plant and equipment when
replacing the old or making new
investments.
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3.4 Identify your consumption

An average Thai hotel uses three energy sources:
Electricity, gas (bottles of LPG) and Diesel (for the
generator).

3.4.1 Diesel

What is the monthly diesel consumption? If there
is a meter installed it is easy to measure. Just
detract the last meter reading from the new
meter reading. If there is no meter installed you
can infer the monthly consumption from the
purchase of diesel. Another possibility is to mark
the fill level of the diesel tank. In the next month
you can see the change of the fill level. If there is
a scale you can easily detract the last level from
the new level. If there is no scale you can
multiply the change of the height with the area
of the tank and get the change of the content.

3.4.2 Gas

How much do you consume per month? Just
count the gas bottles you need per month. The
content in kg is written on the bottles. If you use
different sizes of bottles be sure that your count
is accurate.

3.4.3 Electricity

Calculating the electrical energy consumption is a
bit more complex. There are 3 types of costs in
the electrical bill: The electrical work, the power
demand and the service fee.

The electrical power demand

This is the maximum power you need during one
month. If you have 30 air conditioners with 1 kW
power each and they are all running at the same
time you have a max. power demand of 30kW.
The unit of the power demand is kW. Each kW of
the max. power demand is charged with 70 to
210 THB each month, depending on the voltage
of your connection power. Only the max.
demand of the peak hours is used for the
calculation of the max. power demand.

The electrical energy

This is what the electrical meter shows. If an air
conditioner with 1kW power runs for 1 hour you
have to pay for 1 kWh. The unit is kWh. There
are different prices if you use it during peak
(Mon. — Fri. 09.00 a.m.—10.00 p.m.) or off peak
times (Mon.—Fri. 10.00 p.m. —09.00 a.m. and Sat.
-Sun. and holidays).

Peak time consumption is more expensive and
costs twice as much as during off peak times.

Service fee

This is a service charge for delivering the
electricity. It is fixed ( in August 2009 it was 228
THB per month).

Normally, there are two bills from the Provincial
Electricity Authority [PEA]. One is the receipt.
The receipt shows only your overall consumption
and how much you have to pay. The other bill is
the invoice. In the invoice you can see all details
like peak, off peak, holiday consumption and the
power demand. If you do not receive an invoice
you can ask for it at PEA or your local electricity
provider.

Receipt:

e  The purple numbers 1 & 2 in the receipt
come from 1 & 2 in the invoice

e The blue circle of unit consumption
comes from the blue circle in the invoice

e Inthe receipt only peak electricity (kWh)
is shown without a decimal.

e PEA calculates the price from peak (kW)
together with off peak and holiday
(unit), as shown on the invoice on the
next page:

Receipt/Tax Invoice
Provincial Electricity Authority of Takuapa district
(Branch 291)
23/19 Moo 1 Kokkian sub-district Takuapa district Phang Nga
Tax number 4444455555
Machine number 000000000
Name : Sanook Suksan Hansa Resort
Address: 999 Moo 9, Bangmuang district Phang Nga
Meter code 9999999 Rate type 50
User number 1000000 999 000000
Date 03,2009, Reading date 31/03/2009
Actual meter reading 180, Old meter readin% 138

Electric base price 128,119.05 baht

FT0.9255 baht,/Unit 55,324.54 baht
Net electricity price 183,443.59 baht
Vat 7% 12,841.05 baht
Total 196,284.64 baht

Paid 196,284.64 baht, change 0.00 baht
Cheque no. 2000000 for 196,284.64 baht
Payment date 24,/04/09 Time 08.56 am
Invoice number T5555555

Receiver : Miss Phangnga

10
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INVOICE
No. TE555555
Subject: Electricity invoice
Dear Sancok Suksan Hansa Resort

Provincial Electricity Authority wizhes to charge electricity of March 2009 as the followings:

Electricity User Code Mleter code | Rate Pressure Multiplier Actaal
Code Eeading date
11-0&-2-01 200-000000 LoooanD 1213 1] ﬁtl]-ﬂl__j ilane
Actaal meter | Old Meter Eowh/unit/lv Total(Baht)
reading reading
Peak 1.445 1.112 140,490 13663.37 FProduction 09907
Electricity 1.193 0903 120.00 FT(BahtTUnit)
(Kilowatts) 1377 1154 133180 Bull:
FT@abtUuity | 24
Distribution
1 2 FT(BabhtTuify |-0.0411
Electricity | 180,470 115340 15175.00 6812421 Total FT 09255
price 117.200 86,670 16518.00 4110:3.30 (BahtTnif)
(Unif) 144,450 114,430 17982.00 Units
multiplving FT | 977500
Total FT .
5532454
price(Bakt) :
Price{Baht)
Electrical base 12311905
price
Electrical price | 183443 50
=FT oon
Net electrical 18344355
price
Vat 7% 11841.0%
Total 19623464

Production system(Baht) | Bullk system Distribution system|Balt)

Peak Electrical price 138620 17841.21 15663.37
Electrical price
Electrical support price

FT price SR112.06 -1440.65 -2456.87

Total: One lnndrad ninery six thousand two bindrad eigbiy four poiwt sty four
Plezse pay within- April 21, 2008

EFemark

Pleasze proceed the payiment within the due date

Best regards,
The receipt date of the mveice ... SIED oo
L1 PPN |1 -1 4 |
Tal o
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Power demand

PEEK

Look at the purple square on the invoice — this is the max. power demand (kW)
PEA uses only information for peak times to calculate the price.

Power
column 1 column 2 column 3 column 4
demand
actual old meter max. power demand (actual meter Cost max. power demand
P = peak meter readin reading — old meter reading) x size of | (max. power demand x
reading & transformer (green circle) price/kW)
actual max. power demand (actual meter
OP = off old meter 'p ( . . .
meter . reading — old meter reading) x size of | no effect on the price
peak ; reading .
reading transformer (green circle)
actual max. power demand (actual meter
. old meter . . . .
H = holiday | meter readin reading — old meter reading) x size of | no effect on the price
reading g transformer (green circle)

Electrical energy

Look at the blue square in the invoice — this is the electric energy (kWh).

Electrical
ectrica column 1 column 2 column 3 column 4

energy
actual old meter Peak consumption (actual meter price electrical work peak

P = peak meter readin reading — old meter reading) x size of | (peak consumption x peak
reading g transformer (green circle) price)

OP = off actual old meter off pgak consumption (ac_tual mgter price electrical work off .
meter . reading — old meter reading) x size of | peak (off peak consumption

peak . reading . .
reading transformer (green circle) x off peak price)
actual holiday consumption (actual meter price electrical work holiday

. old meter ) . ; .
H = holiday | meter . reading — old meter reading) x size of | (off peak consumption x off
. reading . .

reading transformer (green circle) peak price)

The service fee is 228.17 (Fixed).

The green underlined price is the electrical base price.

12
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FT price

In the orange square on the invoice is the
calculation with the FT price. The FT price is an
additional charge fixed by the government. The
FT price is connected to the world oil price.

Total Price

Look at the red square in the invoice — this is the
total price.

1. line Electrical base price

2. line Electrical base price + FT
3. line Power factor

4. line Total price

5. line VAT

6. line Net price

3.5 Collect Data

You can now write down the consumption of the
different energy sources. Then you can find out
how many room-days you had in the specific
month and write it down. For example, if you
rented 4 rooms out for 25 days then you had 100
room-days.

Then you have to calculate. Divide the electrical,
gas and diesel costs by the room-days. In this
way you get the different energy costs per
booking. Now you can compare the results of the
different month and see how your energy saving
measures affects your energy consumption.

The template overleaf can assist you with your
monthly and yearly calculation.

Chapter 3
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Energy Efficiency
Measures

4.1 Introduction

Energy costs make up a large portion of a hotel’s
total expenses.

In the light of rising energy prices and increasing
global warming it is worth taking a look at energy
efficiency measures. Many of these measures
can be implemented with or without low
investment costs.

Measures implying higher costs are usually
amortized quickly through the savings of energy
costs.

An average hotel needs gas mainly for cooking
and partially for hot water. Electrical energy is
required mainly for cooling (air-conditioning and
refrigeration), lighting and ventilation as shown
in the pie chart below.

Electrical Consumption

Electricity consumption of an average hotel

Laundry (w/o  Cooling

Notspemﬂed
heatmgﬁ refrlgerators)

Office Equipment Others &
/ Electronics 6%

'1

Cooking
1%

Source: own Energy Audit

4.1.1 Energy

The average price for 1 kWh amounts to
between 2.7 and 3.5 THB in 2008.
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The prices of electric energy sway depending on:
e Time of consumption
e Size of the transformer

e FTcharge

The prices for electricity are higher in peak times
(Mon. —Fri. 09.00 a.m. — 10.00 p.m.) and cheaper
during off peak times (Mon. — Fri. 10.00 p.m. —
09.00 a.m.; Sat. Sun. and official holidays).

The FT charge is the additional expenditure
which is altered by the oil price. PEA will
calculate by using the ratio of cost of production
that is increased on the period.

For further information take a look at the
homepage of the Provincial Electricity Authority
http://www.pea.co.th

For example:
The electrical energy costs of a small resort with
25 bungalow-apartments, a pool, an open lobby
and a restaurant area with a small kitchen are
about 30.000 to 45.000 THB/month during the
peak season.

A resort with 62 deluxe rooms in six 2- and 3-story
buildings, and 16 spacious villas, cocktail bar, 2
restaurants, health center and a swimming pool
would have to pay 300.000 to 400.000 THB/month
for electricity.

Natural gas is normally used for cooking and
water heating. The gas is delivered in bottles.

The average price for bottled LPG amounts to
18.33 THB for one kg gas or 1.43 THB for one
kWh.
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4.1.2 Energy Label

Thai Energy Label
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An important instrument for assistance in using
energy saving measures is the Thailand Energy
Label. This Energy Label is easy to understand.
The energy efficiency is rated from 1 - low to 5-
excellent. The label also shows consumers the
average energy consumption per year (kWh/
year) and the average electricity price per year
(Baht/year).

In the following chapters energy use by the main
technical groups of use is therefore explained:

e Refrigeration

e Air conditioning
e Ventilation

e Water heating
e Lighting

e Building

4.2 Refrigeration

4.2.1 Importance

Refrigeration is an essential element in the world
of hospitality. Refrigeration equipment is used
for gastronomic purposes everywhere and is one
of major consumers of electricity. In many
hospitality establishments, refrigeration is badly
used, poorly managed and maintained. There is
usually good scope for achieving worthwhile
savings in consumption and costs. As it can be

seen in the diagram above this sector consumes
about 6 % of the total electrical energy.

4.2.2 Principle

Almost all refrigerator equipment works in the
same way. It transfers the heat from the inside to
the outside. Therefore it consumes electrical
power. The more heat it has to transfer out the
more energy it consumes.

Heat Transfer of a Refrigerator

.3

damaged

seanngAJ\ ) t

external heat source
(stove, oven...) s

- room temperature
solar radiation

warm food

pi%

door heatexchanger

Source: Adelphi

There are several types of cooling equipment for
different cooling tasks.

4.2.2.1 Refrigerator

The temperature inside the refrigerator is in the
range of 2°C to 8°C. The refrigerator is use for
almost every cooling task.

Refrigerator

Source: IIEC
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4.2.2.2 Freezer

The freezer usually works with temperatures
about -18°C. This temperature assures the
freshness of the food for a long time period.
Chest freezers are more energy efficient than
uprights. Units with self-closing devices or alarm
devices to ensure that doors are not left opened.

Freezer

Source: IIEC

4.2.2.3 Mini bar

The mini bar is a small refrigerator inside the
guestroom to provide the guests with cold drinks
and snacks at all time. Mini bars not only needs
electric energy but also heat up the guest room
and lead to higher electrical consumption of the
air conditioner.

Mini bar

R
B

Source: lIEC

4.2.3 Energy Saving Measures

4.2.3.1 Avoid external heat

Do not put warm food inside the refrigerator
because the heat has to be transported out by
the use of electrical energy. Avoid external heat
flows towards the refrigerator from the sun or
other equipment like ovens and stoves. Keep the
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refrigerator away from hot equipment and direct
solar radiation. Place the refrigerator in a cool
and shady room. To save energy it is important
that the temperature settings are correct for the
content. Beware of over-cooling. Only 5°C below
the required temperature can add 10-20% on the
running costs.

4.2.3.2 Avoid air influx

It is also essential to keep the air influx to a
minimum. Keep freezing rooms and freezer
doors opening times to a minimum. The air
temperature in the unit can increase by as much
as 0.5 °C for every second the door is kept open.
In older equipment, this will also lead to ice
formation and lower energy efficiency. Frequent
openings will also mean more frequent
defrosting, again, a very energy intensive
operation that should also be kept to a
minimum. Check the sealing. If the sealing is in
bad condition and does not close tightly, repair
or replace it. To prevent frequent door openings,
consider a daily working unit, into which the
day’s or shift’s requirements can be stored. In
this way, the main storage refrigeration need
only be used when re-stocking the working
fridge. Take a look at the closure mechanism.
Does it work properly? Are the doors closed
tightly? If not, repair it immediately because
otherwise warm air will flow constantly inside
the refrigerator and lead to high energy costs.

4.2.3.3 Ensure proper ventilation

To ensure a high efficiency, the cooling mechanism
needs to transport the heat from the inside to the
outside without any problems. Therefore, it is
essential to provide good ventilation at the place
where the heat outlet is. In general it is located at
the back of the equipment. Clean aggregates, grid
and condensers. Blocked condensers will increase
operating costs by up to 5%.

4.2.3.4 Turn off

Refrigeration should be organized so that only a
minimum number of refrigerators will be
operated at any time. During periods of low
occupancy, switch off units that are unlikely to
be used for more than one week. Also switch of
the mini bar in non-occupied rooms.

4.2.3.5 Buy new equipment

Due to the large operation hours of refrigeration
plants and the huge amount of energy that can
be saved, the investments can be profitable in
short periods of time. Plants that are older than
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10 years should be replaced. The new technical Outdoor Unit

generation of equipment could be up to 30% outdoor unit
cheaper to run. Buy the most energy efficient
equipment. The equipment is labeled with the
Thailand Energy Label from class 1 (low
efficiency) to 5 (high efficiency). The additional
costs of the purchase will be repaid very fast by
the saved energy costs.

If you want to be sure about how much savings
can be made install an electricity meter and
measure the consumption of your equipment.
After some days you can calculate the yearly
consumption. Compare your yearly consumption
with the consumption of the new equipment.
The yearly consumption of the new equipment is
written on the Thailand energy label.

Source: Adelphi

Indoor Unit
4.3 Air Condition

4.3.1 Importance

Air conditioning is one of the largest source of
energy costs. Often up to 50% of the energy
demand is used for air conditioning. Hotels can
reduce the energy consumed by operating
existing equipment more effectively and
identifying the best type of air conditioning unit
for their property. It is important to integrate
some general principles into day-to-day
management processes to reduce costs. You
have to work with your maintenance manager to
establish a routine maintenance program.

4.3.2 Principal

Air conditioning refers to the cooling and
dehumidification of indoor air for thermal
comfort. The average air condition equipment
consists of an indoor and an outdoor unit. The
indoor unit circulates and cools the room air. The
outdoor unit transmits the heat to its

. . A
surrounding ambiance. 4:9}

-

Source: Adelphi

Air Conditioned Room

Airconditioner

lsularradiation lamp

/a)ir influx " l, N
—

"2 equipment

“N\ w
[ZI mini bar temperature

window

Source: Adelphi
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4.3.3 Energy Saving Measures

4.3.3.1 Guests

Many hotel guests from cooler climate zones
(e.g. Europeans) are not used to air conditioning.
For their comfort and for energy reasons it would
be a benefit if they were able to lower or turn off
the air conditioner. Also, many guests from
cooler climate zones prefer to sleep without air
conditioning. To improve their comfort without
air-conditioning, beds should be covered with
thin blankets by default and extra comforters
should be offered additionally, e.g. stored in the
closets. Inform your guests about your climate
protection efforts through energy efficiency
measures when they check into your hotel. That
way they can appreciate these measures.

4.3.3.2 Organization

Book guests into blocks where possible — i.e.
rooms next to each other to cool one part of the
building through the rooms and achieve one
temperature level in a concentrated part of the
building. Unoccupied offices, guest function or
store rooms do not require air conditioning. Also
adjust thermostats in unused areas and watch
out that furniture or drapes are not placed in
front of air conditioners as this will impair their
effectiveness.

Ensure that air conditioners are only operating
with windows closed. If windows are frequently
open, when air conditioning units are operating,
explore fitting automatic cut-off switches. If that
is not possible, inform the guests through signs.
Check if large windows, which have a high solar
radiation, are supplied with curtains to avoid
high air conditioning consumption and guest
discomfort from excessive light or overheating.
Also avoid over-cooling the building. This is
expensive. Ensure that temperatures match
recommended temperature standards as closely
as possible. Increasing the temperature by 1°C
reduces the energy consumption by 6%.

4.3.3.3 Technical

Before investing in any air conditioning unit or
additional capacity, ensure that it is really
necessary. In some cases, ceiling fans can be
used to supplement air conditioning units,
especially when combined with other and often
cheaper measures like outside window shades
and/or solar film and shading plants. Fans use
only a fraction of the energy that air conditioning
units use and often provide higher levels of guest
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comfort. When you choose to purchase an air
conditioner buy the most energy efficient
equipment being aware of the right efficiency
class. The Thailand Energy Label (5 = efficient)
and the COP (coefficient of performance = the
higher the better) are indications for efficiency.

Cooling systems are prone to reductions in
operational efficiency over time. Well maintained
installations are the most energy efficient.
Inspect and clean the air conditioner
continuously. Dirty condensers can reduce
efficiency by as much as 15%. Check the air filter
inside the indoor unit. Also proper ventilation for
the outside unit must be assured.

Decrease the energy consumption of the other
equipments in the air conditioned rooms. All
energy usage inside the room turns into heat and
must be brought out by the air conditioner. Also
try to avoid direct solar radiation. Heat ,that does
not reach the room needs no air conditioning
power. Install sunblind's or plant trees in front of
big windows. Indoor sunblind's can save 25% and
outside ones 75% of air conditioning energy.

The standard chillers produce cold with electrical
energy. But there are also absorption chillers
available. These chillers use hot water to produce
cold. Hot water in turn can be produced for free
via solar collectors. So if you use a central chiller
it is worth taking a closer look at this option.

4.4 Ventilation

4.4.1 Importance

Although ventilation is not the highest consumer
of energy it is worth to take a closer look.
Ventilation needs energy for itself and also
carries out the cooled air and leads to higher
consumption of the air conditioning process.
Therefore savings in ventilation are beneficial for
the energy balance of the entire air conditioning
system.
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4.4.2 Principal

Ventilation in a Guestroom

Air conditioner
Ventilator

1

Coolair out

Guestroom

Warm
airinflux N

«
D [~Bathroom

Window

Source: Adelphi

Ventilation is often in use in bathrooms and
toilets. The ventilator transports used air out and
fresh air stream in.

4.4.3 Energy Saving Measures

Ventilation in the bathrooms and the toilets is
only necessary when these rooms are occupied.
The installation of movement sensors reduces
the operating time of the ventilation. In
bathrooms and rarely used rooms ventilation will
only work if someone is inside. It is also possible
to combine the ventilation with the light fixtures.

Ventilation should be regulated according to
occupancy levels. The amount of ventilation
needed in a half-full area will be less than that
required by a facility working at full capacity. By
regulating the levels according to the actual
need, large energy savings can be achieved.

In rooms and buildings without air conditioning
you should think about the possibility of natural
ventilation. Natural ventilation can secure a
comfortable indoor temperature without any use
of energy.

Natural Ventilation

S

airinlet
airinlet

Source: Adelphi

4.5. Water Heating

4.5.1 Importance

Water heating is a key part of energy
consumption at all hotels. The heat boiler is a
large energy user in hospitality business. Small
changes here can save a lot of energy and
money, so you should take a closer look. Guests
take a shower every day and the pool needs
warm water. Also, in the kitchen a lot of hot
water is used.

4.5.2 Principle

Water Heating
\y
- |
's V 4 Solar panel

heats water

Warm water to tap

Cold waterinlet

Source: Adelphi

It is possible to heat the water by using various
kinds of heat sources. For example gas,
electricity, solar, biomass or waste heat. Warm
water can be generated centrally in big boilers or
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with small boilers, on demand. Central boilers
are more efficient but need circulation to provide
all consumers with hot water all the time.

Waste Heat Recovery

hotwater to tap

Supplementary heater

gasor electricity

air condition

. Cold waterinlet
Preheater with

waste heat

Source: Adelphi

If a choice exists between using natural gas or
electricity, especially at time of purchasing
equipment, choose gas. Gas will save energy
costs and reduce carbon emissions by a similar
amount. Use solar thermal systems or heat-
recovery systems from all heat-generating
installations, such as refrigeration and air
conditioning. The climate with high solar
radiation and high temperatures is perfect for
solar water heating. In Thailand the annual solar
radiation is about 1.800kWh/m?2. Waste heat also
can be used to pre-heat water. Where this is
feasible, not only can it reduce energy
consumption, but it could also reduce boiler
capacity. Another option is to install heat pumps.
Heat pumps heat up the water very efficiently.
Therefore they need only 25% of energy,
compared with a standard electrical boiler.

4.5.3 Energy Saving Measures

4.5.3.1 Boiler

Excessive heating of hot water is wasteful. The
optimum temperature for stored hot water is
60°C which is adequate to kill Legionella bacteria
and is sufficiently warm for guests and staff.
Therefore, ensure that thermostats are set at a
level that guards against legionnaire’s disease
while also avoiding overheating water. Also
provide the hot water needed, using the least
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amount of boiler capacity and check time and
temperature settings of all electric panel and
storage heaters.

Where hot water needs to be transferred a long
way from the main boiler to reach staff quarters
and public toilets, the installation of heat-on-
demand water heaters should be taken into
consideration. Furthermore, think about if hot
water in remote areas is really necessary.

When choosing a new boiler, you should
consider that you will spend far more on the
energy used to power it over its lifetime than on
the initial capital investment. Thus an additional
investment at the time of purchase in the most
efficient boiler will pay back relatively quickly.
Adequate insulation of hot water tanks and hot
water pipes with modern foam coat is very
important and saves a lot of money and energy.

Maintain the boiler by an annual service (a
poorly maintained boiler may use 15% more
energy than one that is served annually).

4.5.3.2 Washing and Cleaning

Thermostats on hot water heaters and washing
water temperature settings should be set to
appropriate temperatures and checked regularly.
Ensure that the lowest possible washing
temperatures are selected. A 40°C washing is
adequate for most lightly soiled fabrics and is
significantly more energy efficient than washing
at temperatures of 60°C. Some of the newer
generation of washing detergents can facilitate
washing at even lower temperatures (some are
effective in cold water) offering further energy
savings.

Many modern cleaning fluids, washing
detergents and products do not require hot
water. If you use cold water you can save a lot of
money without having a disadvantage.

4.5.3.3 Kitchen

Dish washers should only be used when full loads
can be processed.

Use preheated water.

Power drying cycles on some dishwashers are
very energy intensive. Energy savings can be
made by shortening the drying times and using
the residual heat from the machine to dry the
dishes.
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Also never use running hot water to defrost
foods. Take them out of the freezer on time.

4.5.3.4 Pool

Because of the high thermal capacity of water,
even the smallest rise (0.5 °C) in the pool
temperature will increase energy consumption.
The temperature of pre-swim-showers should be
set at 2 °C above pool temperatures and post-
swim/exercise showers at 40 °C.

4.5.3.5 Guest rooms

Fit aerators or flow restrictors on all basin taps,
but especially on hot water outlets. These are
easily fitted to pipes or taps and can reduce
consumption without diminishing the service to
the customer. Replace conventional
showerheads with water efficient showerheads.
These appliances will reduce the flow of water in
showers from 15-18 litres/minute to 8-10 litres/
minute.

Aerator

Aerator

‘-‘“\
@

Source: Adelphi

4.6. Lighting

4.6.1 Importance

Lighting is an important cost factor. About 20%
of the total electrical consumption is used for
lighting. Good lighting is essential for costumers’
satisfaction as well as for health and safety of
staff and visitors. With modern technology,
lighting energy costs can be reduced dramatically
by use of energy efficient lamps and controllers.
The pay-back period for lighting conversion is
short, usually well under two years. Converting
to energy efficient and effective lighting is one of
the most cost-effective measures available to
hospitality businesses.

W ater Efficient Shower

Source: Adelphi
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4.6.2 Types of Lighting

Compact
fluorescent
lamp (CFL)

Incandescent
lamp

Fl t
uorescen Halogen lamp LED

Light efficiency

[Lumen/Watt] 35-85

50-110 10-25 8-30

Lifetime [h] 8.000-15.000 | 9.000-77.000 | 1.000 1.500 - 5.000 Up to 100.000

(Types of lighting)
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4.6.3 Energy Saving Measures

4.6.3.1 Avoid the need of light

One of the best and easiest measures to save
energy is simple to avoid the need for artificial
light.

Use natural light wherever possible and
comfortable. Place desks close to windows or
under skylights. It is also important to ensure
that all windows are cleaned regularly. Only
clean windows let the whole natural light in. It is
also a benefit if you use bright colors in all
interior rooms. These colors reflect the light and
lead to brighter rooms. Provide guests and staff
with desk lamps or independently operated task
lights and avoid the need to fully illuminate the
whole room when only a part of space is in use.

4.6.3.2 Clean the lights

Keep light fixtures and fittings clean. A regular
cleaning routine for external lighting is equally if
not more important than a routine for cleaning
internal lights. Moss, lichen and environmental
pollutants can all rapidly build up on lights and
reduce their effectiveness by as much as 50%.

4.6.3.3 Switch off

Switch off lights in vacant rooms. Ensure that
“switch off” policies are in place and operating.
Inform your guests about these policies. Timing

controls can be used to reduce night time
lighting, for example, by switching off selected
lights along corridor areas and in remote garden
areas. Photocells and motion detectors are very
effective in areas such as public toilets where the
user cannot be expected to turn the lights on and
off. However, sensors must be placed to turn
lights on as soon as the customer enters the area
and, to ensure that the customer does not enter
a completely dark room.

4.6.3.4 Change types of lights

Exchange conventional incandescent lamps with
compact fluorescent lamp (CFL) in all places
where the light is on for more than a few
minutes. This measure easily saves 80% of costs
and energy. Also efficient lamps have the added
advantage of a longer life span thus requiring less
replacement and maintenance.
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Cost of Lighting

1 d 1t Comp

light bulb fluorescent lamp
Power 60 Watt 11 Watt
Lifetime 1000 h 10000 h
Daily operating hours 4 4
jleallvicnelay 87.6 kWh 16.1 kWh
consumption X i
Yearly energy costs
(3 THB/KWh) 262.8 THB 48.3THB

: 214.5THB

Savings/year 71.5kWh
(1 bulb) '80%
Savings/year
(100 bulbs) 21450 THB

Source: Adelphi

An average energy bulb starts at a price of 100
THB. The price rises with higher performance,
longer lifetime or different shape.

You can also use solar lamps to light paths. These
lamps have solar panels on the top and can

produce light without consuming external
energy.
Solar Lamp

Solarcell

g A
w7 Anchorage to ground

Source: Adelphi

Exchange old fluorescent lamp (diameter T12 =
38.1mm; T8 = 25.4mm) and the magnetic ballast
with new fluorescent lamp (diameter T5 =
15,9mm) and electronic ballast. There are special
replacement sets available.

Take a look at the “T5 Retrofit Program” of the
Electricity Generating Authority of Thailand and the

Thailand Ministry of Energy.
http://www.egat.coth/en/images/stories/pdf/eng-t5_3pdf

4.7. Building

4.7.1 Importance

Significant savings in energy costs can be made
by integrating energy efficiency considerations if
you are planning to refurbish any part of your
property or build new facilities.

4.7.2 Energy Saving Measures
A

Solar Radiation vA ¢
- |
» v 4

bright color
roof

HD

Use light colors for walls and ceilings (for
example, paint wooden roofs in a bright color).
Light colors reflect the solar radiation and lead to
lower air conditioning consumption. Buildings
with large south or south west facing glazed
areas, may suffer from excessive heat and light
gain during the summer months. Trees and
shrubs planted carefully in external areas can
help guard against solar gain and reduce the
need for costly air conditioning by providing
attractive shading. Also an outside sunblind can
help saving energy. An outside located sunblind
can save up to 75% and an inside sunblind 25% of
energy. Also check the sealing of the doors and
windows to ensure air tightness. This will lead to
higher comfort and reduce energy costs.

sunblind

HD

Source: Adelphi

Insulation is a key issue for all hotels, even those
with existing energy management programs.
Effective insulation can be cheaply installed
during the construction and refurbishment of
hotels. If you are planning to refurbish, you
should bear in mind that significant savings in
energy costs can be made by integrating efficient
insulating materials and building design
considerations into your plans. It is worth
increasing insulation levels for walls, ceilings and
roofs above the regulatory standard. Effective
use of insulation and design as a part of a
refurbishment program can reduce energy costs
as much as 50%.
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Insulation

Insulation separates the hot outside conditions
> from the air conditioned indoor climate. A
thicker insulation layer and a lower thermal
conductivity (k or Lambda A) of the insulation
lead to a lower heat exchange and energy
savings.

& cold

heat 3)

M

In general, consider maximum use of natural
resources such as solar energy, natural light or
€ inside ventilation and avail of most energy efficient
new equipment and technologies .

4

outside

N

A 4

uolne|nsul yym Suijiad/|jem

M

Source: Adelphi

. . Thermal conductivit
Insulation material y

K [W/(m*K)]
Fiber glass 0.03-0.045
Mineral or rock wool 0.045
Cellulose 0.04
Vermiculite 0.06 - 0.07
Polyurethane foam 0.02
Elastomeric foam 0.033
Polystyrene foam 0.035
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Renewable energy

6.1 Introduction

Renewable energy is energy generated from
natural resources that are renewable (naturally
replenished). About 18 percent of total global
energy consumption is made up of renewable
sources. The biggest part comes from traditional
biomass, which in most cases means burning
wood for heating and cooking. Hydroelectricity is
the second largest renewable source of global
energy consumption. Other renewable energies
like biomass (wood, waste, ethanol), wind and
solar power are growing steadily.

Useful information on renewable energies
www.dede.go.th and www.eppo.go.th

Thailand has implemented a fairly ambitious
renewable energy policy, which sets the target
for modern renewable energy deployment at 9.5
percent of total energy consumption by 2011.
There are attractive benefits for electricity
generated from  different renewable
technologies, resulting in rapid increase in the
use of biomass for heat and power. The biofuel
industry has also grown rapidly. In the last 3
years bioethanol production has jumped to about
1 million litres/day and biodiesel to 1.2 million
litres/day. The biomass and biofuel removes the
greenhouse gas CO2 from the atmosphere while
growing and binds the carbon in the biomass.
The carbon is released into the atmosphere when
burning the biomass or biofuel. This means no
additional CO2 is emitted.

Unlike fossil fuels, modern renewable energies
do not emit CO2 into the atmosphere and do not
affect global warming. Furthermore, they are
free of charge. So it is worth to check the
possibility of using renewable energies at your
hotel business.

There are different options in Thailand for using
renewable energies in hotel business.

Chapter 6

6.2 Technology

6.2.1 Solar Thermal

Solar thermal systems utilize the heat of the sun
for heating purposes. Solar collectors capture the
sun radiation and turn them into useful heat. In
hotel business it is used for water heating. Due to
the large demand of hot water in hotel business,
this system can fit perfectly. Moreover the sun
radiation in Thailand, is compared to the global
average, very high.

This photo shows a typical solar water heating
system. The cold water inlet is on the bottom of
the hot water storage tank. Due to the thermal
circulation there are no additional pumps
needed. This system is very cost efficient and
reliable and can provide free hot water without
much investments and construction work.

Solar Water Heater

Source: Stan Zurek

Solar Water Heater

hot water to tap

cold water inlet

Source: Adelphi
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6.2.2 Solar Cells

Solar cells convert the solar radiation directly into
electricity by using the photovoltaic effect. The
photovoltaic effect refers to photons of light
knocking electrons into a higher state of energy
to create electricity. These systems are high-end
technology and therefore they are relatively
expensive and often not feasible for hotels.

Solar Cells

Source: BMU, Bernd Wenzel (IFNE)

Solar cells convert the solar radiation directly into
electricity by using the photovoltaic effect. The
photovoltaic effect refers to photons of light
knocking electrons into a higher state of energy
to create electricity. These systems are high-end
technology and therefore they are relatively
expensive and often not feasible for hotels.

They can, however, be useful for remote
buildings. The energy-self-sufficient buildings do
not need a connection to the grid and therefore
they can save a lot of costs.

6.2.3 Solar Cooling

Solar cooling is based on solar thermal systems in
combination with absorption chillers. Unlike
conventional chillers the absorption chillers use
heat to generate cool air or water.

Absorption Chiller

Cold air or
water for
cooling
purpose

Absorption chiller

Source: Adelphi

The advantage of this system is that the demand
of cooling energy and the production of the
energy therefore (solar heated hot water) are at
the same time (e.g. at noon you need the most
cooling power and also get the most hot water
from the thermal solar system).

Solar cooling is more efficient with central
cooling systems than with small decentralized air
conditions systems. Although the adsorption
chillers are more expensive than conventional
chillers and the solar collectors are also not
cheap a solar cooling system with central water
heating can provide you with free cooling and
water heating for years.

6.2.4 Biomass

Biomass is one of the most important sources of
renewable energy in Thailand. Extracting energy
from biomass is still practiced in a traditional
way in rural areas. Direct combustion has been
the most important process of converting
biomass to other useful types of energy. The
most common forms of
biomass in Thailand are
bagasse from sugar cane,
Paddy husk, wooden
chips and parts of the oil
palm. Because of the
closed CO2 cycle there is
no additional Cc0o2
emitted.

Biomass

Source: BMU, H. G. Oed
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In hotels with central water heating, cheap
biomass can replace the expensive gas or
electricity. If you have a source of biomass
nearby and you do not suffer of space shortage
you should think about this option and talk to
your heating engineer.

6.2.5 Biogas

Biogas is produces when organic materials are
decomposed anaerobically in the absence of
oxygen. Sewage, kitchen-waste and most organic
materials can be decomposed in biogas plants to
produce biogas. Biogas is an inflammable, clean
and efficient gas which can use for cooking,
heating or as fuel replacement in power
generators.

6.2.6 Wind Power

Wind power is the conversion of the energy of
the wind into electrical energy through wind
turbines. It is one of the fastest growing and
economically efficient sources of renewable
energies.

Wind Power

World Wind Energy Capacity
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Source: World Wide Energy Association, Loren Cobb

There is considerable potential for large scale
wind energy in Thailand, especially in the central
and western regions.

Chapter 6

The normal size of wind turbines is very large
(IMW—5MW) but there are also some small
types (1kW—50kW) available for commercial
use.

Although the installation of the wind turbine will

be no financial gain, but shows your guests your
interests in environmental protection.

Small Wind Turbine

Source: Glogger
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Basic Calculations

7.1 Payback Period

7.1.1 Calculation

The payback period is a calculation method which is easy to use. This tool indicates the economic
efficiency of investments in energy efficiency measures. This calculation can be undertaken by the hotel
owner or the technical staff —i.e. the person responsible for the buildings and machines budget.

The payback period is the amount of time an energy efficiency measure needs to cover its costs.

total investment

hack fod =
PayBark perio vearly cost savings

First you have to identify the current yearly consumption of your existing (old) technologies. This can be
done through measurements or estimations. If you undertake measurements only for a certain time
period (in days) you have to calculate the yearly consumption as follows:

; i consumption (period) ek g
P r H —_ X f.
yvearly energy consumption —, ays

Now this must be compared with the yearly consumption of the new equipment. This is written on the
energy label.

The yearly energy saving is the difference of the old yearly energy
consumption and the new energy consumption.

alun® 7y

old yearly energy consumption - new yearly energy consumption

= yearly energy savings
emnuasszamlszangnwglnsallrih
":ﬁ:’:ﬁ?g{m The vyearly energy savings have to be transferred into yearly cost
adik Bone [ o7 savings by multiplication with the energy costs. The energy costs are
m""' — ff’:‘ depending on the source of energy. The electrical costs are written on the
[(Vndornb | om: | minmAd electrical bill. The electrical price currently (Nov. 2009) ranges from 2.7 THB
L to 3.5 THB per kWh.
v 70 [Rsamsisysla
Sof L/ The cost for gas in bottles (LPG) is 1.8 THB per kWh

vearly cost savings = vearly energy savings X price per KWh

With the required cost of investment and the annual cost savings the payback period can easily be
calculated. This method shows if it is worth to replace old working equipment with new efficient
equipment. If the old equipment must be replaced anyhow and there are different possible options for
new equipment the payback time can also help with the decision:

price of product 4 — price of product B

payback time =
[Em?’g}' consumption (p?’ﬂriuct S) — energy consumption (pmriuct A:I] X energy price
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7.1.2 Example
Replacement of a refrigerator:

To identify the consumption there are plug-in electrical meters available. These meters can plug between
the electrical socket and the plug and display the energy consumption. After 5 whole days the meter
reading is 10 kWh. With the formula the yearly energy consumption is calculated.

The payback period is the amount of time an energy efficiency measure needs to cover its costs.

10 KWh
——— % 365 days = 730 kWh
5

y I47 1 ti —
yeariy energy Consumpilion 5 ﬂ:ﬂ.}

The yearly energy consumption is written on the energy label of the new refrigerator. In this example it is
420 kWh per year.

yearly energy saving = 730 kEWh — 420 kWh = 310 kWh

The price of the electrical energy is shown on the electricity bill and in this example 3.5 THB per kWh.

THE
vearly cost savings = 310 kWh x 3.5 TR 1085 THE

The investment costs for a new refrigerator are 7500 THB.

7500 THE

—1{]85 THE = 6.9 Years

payvback period =

7.1.3 Typical Payback Periods

The savings and costs vary according to the application. The following table shows typical values of
payback times for Thai hotels.

Measure Payback time

Roof and wall insulation 5—15 years
Solar water heating system 5-12 years
Heat recovery 3 —-12 years
Compact fluorescent bulb 0,5 -3 years
Install variable frequency drives on motors and pumps 2 —5years

Efficient shower heads 0,5 -2 years
Aerator 0,5 -3 years
Energy efficient refrigerator 5-12 years
Movement sensor 1-5years

Energy efficient air condition 3 -10years
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7.2 Other Calculation Methods

The payback period is a static calculation. Therefore it is a fast and easy method to get an overview of the
investments profitability. Beside this method there are other, more complex calculation techniques
available, which are shown briefly here.

NPV = — Investment + (}-'ea'r'.i.'}-' savings

1+i7 -1
{1+1}Txa;)

7.2.1 Net Present Value (NPV)
The NPV shows how much an investment is worth at the present time. It also considers the interest rate.

(1+005)% -1
(1 + 0.05)® x 0.05

NPV = —300 THE + (E{J{J THB x )= 245 THB

i = interest rate in decimal digit (5% = 0.05)
T = lifetime (years)

Example: An energy saving light bulb with a lifespan of 3 years costs 300 THB. This lamp saves electricity
worth 200THB every year. The interest rate is 5% = 0.05.

This means the bulb is worth 245 THB now. All investments with a NPV > 0 are economically reasonable.

7.2.2 Annuity

The annuity is the yearly costs of an investment with the interest rate involved. The annuity can check
against the yearly savings. So | can be seen if an investment should be made.

J—— ; ment ix{1+i)7
nnuity = Investment ¥ ———

¥ a+i7 -1
i = interest rate in decimal digit (5% = 0.05)
T = lifetime (years)

Example: With the example above we have investments of 300THB, 3 years lifespan, 200THB yearly savings
and 5% = 0.05 interest rate.

A ity = 300 THE Ol e 061 110 THB
i de *Ta+o005¢-1

Now we compare the yearly savings with the yearly costs (annuity)

vearly earnings = 200 THE — 110 THE = 90 THB

This method shows that yearly earnings of 90 THB can be made.
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Contact

World Tourism Organization (UNWTO)
Consulting Unit on Biodiversity and Tourism

Jirgen Nauber, Coordinator

Shalini Sharma Kanwar, Project Assistant
Hermann Ehlers-Str. 10, D-53113 Bonn, Germany
Phone: +49 (0)22 88 150 55 0

nauber@unwto.de

kanwar@unwto.de

www.unwto.de

Adelphi Research gGmbH

Mikael Henzler, Managing Director

Sibylle Kabisch, Project Manager

Volker Stahl, Project Assistant

Caspar-Theyss-Str. 14a, D-14193 Berlin, Germany
Phone +49 (0)30 89 000 68 0
henzler@adelphi-research.de
kabisch@adelphi-reseach.de
stahl@adelphi-research.de
www.adelphi-research.de

International Institute for Energy Conservation
(IIEC)

Sommai Phon-Amnuaisuk

Senior Project Manager

12th Floor, United Business Center Il Building
Suite 1208, 591 Sukhumvit Rd. (Corner Soi 33)
Wattana, Bangkok 10110, Thailand

Phone +66 (0) 2 662 3460-4
sphonamnuaisuk@iiec.org

www.iiec.org





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


