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Key Takeaways from Day 2

EC vs EE
EC= 

immediate 
savings

Monthly 
consumption, 
Cost Savings

Energy Audit 
methodology 

and tools

MEPSL + 
Residential 
Programs



Introduction to Energy Systems

LIGHTING, AIR CONDITIONING, REFRIGERATORS, 
HOT WATER, WATER PUMPS, TRANSFORMERS, 
TRANSPORT
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Energy Loads

Source: Katili, A. & Boukhanouf, R. & Wilson, Robin. (2015)
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Lighting

Å Lighting accounts for significant energy consumption in industrial, 
commercial  and residential buildings.

Å An efficient lighting system must include visual comfort and minimizing 
energy consumption for the system. 

Effective 
lighting 
system

Ensure 
visual 

comfort 

Minimise
energy 
usage

Save electricity and 
maintain user satisfaction

Suitable for the space

Safe for users
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Energy Audit ςLighting 

1. Collect Information
Ç # of fixtures
Ç How many lamps and/or ballasts are in 

each fixture
Ç ¢ȅǇŜǎ ƻŦ ƭŀƳǇǎ ƻǊ ōŀƭƭŀǎǘǎ ǳǎŜǎΩ
Ç Fixture condition
Ç Wattage of each model of fixture used
Ç What is the space used for
Ç How many hours per day is the space 

used for
Ç At what height are tasks performed
Ç How much natural daylight is there

2. Gather tools
Ç Camera
Ç Tape measure, Digital laser measure
Ç Light meter
Ç Audit checklist

3. Measure
Ç Luxlevelsat varioustime of the

day and document it alongwith
the numberof lampsON.

Ç Electrical parameters like Volt,
PF,kW, kWh.

Ç Compare the measured lux
levels with the standard values
as reference and identify
locationsof deviations.

Ç Collect and analyse the failure
rates of lamps,ballastsand the
actuallife expectancy

4.Identify improvement 
opportunities
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Light Sources

Å LED Lampsςproduce light using light-emitting 
diodes

Å GasDischarge Lampsςexcitation of gas in tube 
or elliptical outer bulb

×Metal halide

×High pressure sodium

×Low pressure sodium

×Mercuryvapour

×Fluorescent tube lights

× Induction Lamps

ÅReflector lamps ς
filament heating 
along withinternal 
reflectors

Å Incandescentςby 
filament heating
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Luminaire/ light fixture

Å A light fixture or luminaire is the device or apparatus which carries the light 

source and contains the means of connecting the light source to the 

electricity supply. 

Components

Å Ballasts

Å Lampholders

Å Reflective material

Å Lamps

Å Lenses, diffusers or louvers housing
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Lighting terms

Lumen - Brightness of light  

ωTotal amount of light emanating from a light source

Illuminance/ Lux 

ωis a unit used to measure the intensity of light hitting a surface, typically a wall or floor in a 
lighting design.1 LUX = 1 Lumen / m 2

The Luminous Efficacy

ωis a measure of how efficiently a light source produces visible light. Expressed in Lumens per 
watt .
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Lumens

The lumen is a unit of measurement for the brightness of light. If a light bulb is 
blindingly bright, it produces a lot of lumens.
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Lumens vs Watts

Lumens measure the total amount of light emitted by the bulb while watts measure 
the amount of power consumed by the bulb.

Lumens to Watts Conversion



12

Selecting the right lux

Á There are different recommended intensity levels depending on the room and the 

purpose of the space. E.g. A room which is used for storage, for example, needs 

relatively low light levels.

Á 1 Lux = 1 Lumen / m2

Eg. A 400 lumen bulb in a room 10 m2 = 40 lux

A 400 lumen bulb in a room 20 m2 = 20 lux

Á The bigger the room, the more you will need to create the right light levels
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Selecting the right lux

LUX Recommended application

50 lux Family living room

100 lux lifts, corridors and stairs. Areas that are transitory for occupants 
ŀƴŘ ŘƻƴΩǘ ǊŜǉǳƛǊŜ ŀƴȅ ŘŜǘŀƛƭŜŘ ǿƻǊƪΦ ²ŀǊŜƘƻǳǎŜ ŀǊŜŀǎ ŀƴŘ ōǳƭƪ 
stores will also require this minimal light level. 

150 lux Restrooms require this level of light

200 lux Entrance areas and lobbies require this level of light, a restaurant 
dining area; reading

300 lux Assembly Areas, like village halls require at least 300 lux

500 lux Retail spaces should have this as a minimum light level, as should 
general office spaces. This level should be suitable for prolonged 
work on computers, machinery and reading.

>500 lux Where fine detailed work is being carried out e.g. Operation 
theatres in hospitals 1000 lux
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Lighting Design

Selection of appropriate type and quantity of lamps and light fixtures 
depends on:

Å Fixture efficiency and lamp lumen output

Å Reflectance of surrounding surfaces

Å Effects of light losses 

Å Availability of natural light

Å Room use

Å Room size
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Example: Calculation on Lumens and Lux

Calculate how many LED lights are needed in a bedroom with area 12 ft x 12 ft.

Given that:

¶ 1 Lux = 1 Lumen / m2

¶ Recommended lux level for bedroom= 150 lux

¶ Suggested lumen for bedroom: 800 lumen using 12 Watt LED Bulb

Step 1 ςCalculate the area of the bedroom 

Step 2 ςUsing your answer in step 1)  Calculate the lumens needed 

for the area

Step 3 ςCalculate the number of LED lights needed. 

o Divide the result  in Step 2) by the lumens rating of your 

desired LED light bulb.
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Example:  
Calculatehow many LED lights are needed in a bedroom with area 12 ft x 12 ft.

¶ 1 Lux = 1 Lumen / m2

¶ Recommended lux level for bedroom= 150 lux

¶ Suggested lumen for bedroom: 800 lumen using 12 Watt LED Bulb

ωArea in sq. feet = 144

ω1 sq.ft = 0.09290304 sq.m(or = 0.093 approx.)

ωArea in sq meters = 144 x 0.093 = 13.39

Calculate the area of the 
bedroom which  is 12 feet x 12 

feet

ω1 lux = 1 lumen/m2

ωlumen = lux X area (m2)

ωlumen = 150 x 13.39= 2004 (approximately 2000)

Using your answer in step 1)  
Calculate the lumens needed 

for the area

ω2000/800 = 2.5= 3 LED bulbs (12 W)

Calculate the number of LED 
lights needed. Divide the 

result  in Step 2) by the lumens 
rating of your desired LED light 

bulbs
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Air Conditioning

Å Heating, Ventilation and Air Conditioning (HVAC)systems control the
ambientenvironment(temperature,humidity, air flow and air filtering). Air
conditioning isan integralcomponentof HVAC.

Å Air conditioningworkshand-in-handwith ventilation to cool the circulating
air.
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Types of air conditioning units ςInverter vs Non Inverter

Inverter  AC Non- Inverter AC

Variable speed compressor

Power consumption is reduced.

Improved cooling performance

Fixed speed compressor

Less expensive

Good for small rooms: A non-inverter 
AC will be ideal if you only need cooling 
in one or two rooms because it does 
not cool large areas effectively as an 
inverter AC does.

The key difference lies in the compressor's ability to regulate the speed of its 
motor to adjust to the room's temperature. 
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Types of air conditioning units ςStand Alone

1.Stand-Alone AC units (1 device).Examples:Portable air conditioners, window air 
conditioners, floor mounted air conditioners, thru-the-wall air conditioners.

Portable AC Floor mounted ACWindow AC
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Types of air conditioning units-Split-System

Split-System AC units (2 devices).Examples:Central air conditioners, mini-split air 
conditioners, wall-mounted air conditioners, ceiling air conditioners.

Central  AC Mini split AC Ceiling AC  
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Types of air conditioners-Sea Water Air Conditioning (SWAC)

Suitability for SWAC

Å Close access to deep cold water?
Å A site close to shore, and a tight grouping 

of buildings?
Å Large size or cooling loads, greater than 

1000
Å refrigeration tons or 3500 KW?
Å High cooling usage throughout the year?
Å High electrical rates

Å Airports
Å Data Centers
Å District Energy / District Cooling Projects
Å Government / Military facilities
Å Hotels & Resorts
Å Industrial / Manufacturing Facilities
Å Large Office or Commercial Buildings
Å Power Plants
Å Shopping Malls / Department Stores
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SWAC - Hotel application , Bora Bora

https://www.youtube.com/watch?v=6LmmlUxYTCc

https://www.youtube.com/watch?v=6LmmlUxYTCc
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SWAC-Airport Application, Curacao

https://www.youtube.com/watch?v=732Q3Rom4VQ

https://www.youtube.com/watch?v=732Q3Rom4VQ
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Understanding cooling  loads and capacity

Å Proper sizing is important for efficient air conditioning.
Å Air conditioning capacity can be measured in Ton (tonnage), BTU per hour, and 

Watts

1 ton of air conditioning =12,000 BTU per hour = 3500 Watts of cooling (approx.)

2 tons of air conditioning = 24,000 BTU per hour = 5150 Watts cooling (approx.)

Air conditioner - User 
type

Cooling Capacity in 
BTU

Cooling Capacity in kw

Residential / domestic6000 - 20000 1.76 - 5.8

Commercial / office 12000 - 50000 3.5 - 14.65

Industrial 30000 - 8.79 +
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Energy audit ςair conditioning 

Ç Room area (square feet is the commonly 
used measure)

Ç Climate ςmaximum temperature and 
humidity

Ç Number of individuals typically occupying 
the room during AC usage

Ç Ceiling height
Ç Presence of kitchen

1. Collect information on factors affecting cooling loads:

Ç Heat generated by other electrical 
appliances

Ç Total area of windows in the room
Ç Floor number and building height
Ç Are your premises located on the top 

floor?
Ç Construction material used for walls, 

doors, and windows
Ç Points of air leaks in the room

2. GatherTools

3.Measureandanalyse
Ç Electricalparameterslike Volt, PF,kW, kWh.
Ç Energylabel

4.Identify improvement opportunities




