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ABSTRACT

The paper deals with the analysis of the obstacles faced
by designers & lighting professionals in achieving energy
efficient designs. The paper takes inputs from the detailed
market survey carried out by the authors for determining
the extent of implementation of efficient lighting design
practices in India. The paper attempts to analyze the im-
pact of the emergence of various lighting design software
solutions that look at both — the technical aspects as well as
the energy consumption analysis of the designs.

BACKGROUND

Lighting design software have been available in devel-
oped countries for many years, but in most developing
countries these software are used by the lighting manufac-
turers merely as a marketing tool for selling their lighting
products. As a result, the aesthetic aspects of lighting de-
signs were gaining greater focus as compared to the energy
efficiency aspects. However, the recent interest in global
energy conservation efforts has seen the development of
various software solutions for the professionals to analyze
the energy saving potential in lighting designs.

The energy-efficient lighting technologies available to-
day can dramatically reduce energy consumption and pre-
vent pollution while delivering comparable or better
lighting. If energy-efficient lighting were used in India eve-

rywhere it were profitable, the electricity required for light-
ing would be cut by 50 percent, and aggregate national
electricity demand would be reduced by more than 10 per-
cent. At the same time, it was felt that most of the practic-
ing architects & lighting designers in developing countries
such as India do not provide enough priority to energy ef-
ficiency in their design related work. In order to assess the
reality of this hypothesis that a detailed survey was carried
out in the two major metros of India in early 2000.

SURVEY DETAILS

Objective of survey

The Objective of this survey was to determine the extent
of implementation of efficient lighting design practices
among professional building designers in India.

e To identify the methods and processes used by the build-
ing designers for lighting designs

e To determine the usage of existing lighting design soft-
ware among the building designers

e To determine the awareness level among building de-
signers for energy conservation using efficient design
practices

e To analyze the reasons for non-compliance of scientific
methods among those professionals who do not use
them

e To estimate the perceived need for a lighting design tool
having focus on energy efficient designing
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Survey Methodology

Data Sources :

Secondary data sources were analyzed, but no publica-
tions or reports were available for providing the desired in-
formation in the Indian context. Hence secondary data
sources were used for obtaining a list of the sampling uni-
verse and for an understanding of the technical aspects of
lighting design.

The various secondary sources of data consulted in-
clude:

e The Directory of Architects (1998), by the Council of
Architects, India

e The Yellow pages for Delhi and Mumbai, published by
Tata Press

e The IESNA Handbook

The lack of information from secondary sources meant
that primary sources would have to be contacted for com-
piling the required information.

Survey Type:

Given the technical nature of the information sought, it
was decided to conduct personal interviews as the data col-
lection methodology. This would allow more in-depth
questioning and better understanding of the respondents
work environment.

Sampling Methodology:

Sample Frame:

The total number of architects and interior designers in
India was estimated at 44,000. Of these, 25,500 were archi-
tects registered with the Council of Architects, India and
18,500 were interior designers registered with the Indian
Institute of Interior Design. The geographical distribution
of the designers in India was rather skewed, with almost
35% of them practicing in the two major metros of Delhi
& Mumbai.

The Directory of Architects indicated that more than
60% of the registered architects were in the age group of 25
to 40 years. 60% of the architects were self-employed while
20% were employed in private organizations and the re-
maining 20% in public enterprises.

Sampling Size

A sample size of 440 was considered appropriate for the
survey so long as the cross section of the sample frame was
represented in the sample.

Sampling Method

Given the fact that more than a third of the designers
were populated in Delhi & Mumbai, and that the regional
distribution of the remaining two-thirds was in numerous
small sized packets, with no single other town accounting
for more than 4% of the total designers, a decision was
made to focus the surveys in these two metros.
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The Sampling Method used was Stratified Quota Sam-
pling with simple random selection. Quotas were created
for each city in ratio of the professional designers populat-
ing the two cities. Stratified quotas were created for each
city on the basis of the age profiles of the designers.

An initial list of 500 designers was selected by this meth-
od from the Sample Frame. The additional 60 designers
were selected as a buffer for non-availability or no-re-
sponse from some of the original list of 440. An additional
list of 15 designers was selected from Mumbai for pilot
testing the data collection format.

Data Collection Format

A detailed questionnaire was created. (An edited ques-
tionnaire providing overview of type of information col-
lected is enclosed as Annexure 1.) This questionnaire was
classified into various segments. The first segment focused
on obtaining demographic information about the design-
ers for cross tabulation. The second segment was aimed at
obtaining information about the methods of lighting de-
sign used by the designers. Subsequent sections focused on
the awareness and usage of lighting design software, energy
efficient lighting design practices and on the perceived
need for a tool to aid in energy efficient lighting designing.

The questionnaire was divided into various workflows,
based on the responses given the by respondent for each
section. This made it even more imperative to have the
questionnaire implemented by an interviewer rather than
having a self-administered questionnaire. Accordingly, ap-
propriate instructions were included in the questionnaire
for the interviewers.

One iteration of improvement was implemented after
the initial pilot test of the questionnaire. The major change
in the questionnaire during this iteration was the inclusion
of an annexure with the description and definition of tech-
nical terms used in the questionnaire.

Field Work

The entire fieldwork was to be completed over a period
of 30 days. Hence, 20 interviewers were needed to cover all
the respondents within the stipulated time. Based on the
length of the questionnaire and the anticipated time re-
quired for obtaining appointments with the designers, an
average of 3 respondents in 2 working days was expected.

The 20 interviewers were selected from 4 Post Graduate
Management colleges in Delhi and Mumbai. All the appli-
cants were first year students (for the two year courses), in
Marketing Management, having covered a few hours of
their courses on the basic understanding of primary sur-
veys.

ANALYSIS

Data was collected from 447 designers during the field
work. The data was compiled using various techniques in-
cluding simple averages, weighted averages, standard devi-
ation, correlation and regression. The need for more
complex analysis methods had been earlier eliminated by
the nature of study involved.
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RESULTS

The results of the study conclusively showed that almost
90% of the architects and interior designers in India tend
to use ‘Experience’ and ‘Thumb Rules’ for creation of light-
ing designs. 9.8% of the designers used scientific design
practices for lighting design while only 0.2% of the re-
spondents used any lighting design software. While the re-
spondents did mention a growing concern among their
clientele for energy conservation and reduction in electric-
ity bills, only 1% had ever provided energy calculations to
their clients.

Almost all the respondents (95%) mentioned the com-
plexity of calculations (or lack of awareness about the sci-
entific methods) as the major reason for non-compliance
to scientific design practices. Other prominent reasons
provided by the respondents included lack of awareness
about modern energy efficient products (45%), lack of
awareness about technical information about lighting
products (40%).

Although as many as 80% of the respondents used com-
puters in their offices, only 1% of them used these comput-
ers for scientific calculations. An overwhelming 70% of the
respondents felt the need for a lighting design software that
could also ensure energy efficiency in the designs at the
same time as providing them with all the features required
for creating professional lighting designs.

SURVEY SUMMARY

The survey, thus, clearly brought out the lacunae in the
lighting design processes adopted by professional design-
ers in India. What remained to be analyzed was the inher-
ent obstacles to the process of efficient lighting designing
that painted such a sorry picture for the designers in devel-
oping countries.

A detailed analysis of the factors involved in the design-
ing of an efficient lighting system was therefore called for,
in order to understand why these professionals were not
able to devote enough time & effort in following these
practices and to try and discover some workable solutions
to the problem.

FACTORS INVOLVED IN LIGHTING DESIGN

The scope of lighting design can differ widely from in-
stallation to installation. Successful lighting design begins
with an assessment of the occupants’ lighting needs,
which, in turn, depends on the tasks performed in the
workspace. The lighting system should then be designed to
provide the quantity and quality of light in accordance
with those requirements. For visual comfort of the occu-
pants it is essential that the lighting, task and surrounding
area be evaluated together. Although lighting retrofits are
generally limited to lighting equipment, a good design
should evaluate and modify the work environments where
appropriate.

Room dimensions and color of the room surfaces (walls
and ceiling in particular) affect the light output obtained
from a particular lighting system and thus the energy con-
sumption of artificial interior lighting systems. As much as
one-third of the energy used by a lighting system depends
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Fig 1. Methods used by professionals for lighting designs
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Fig 2. Reasons for not using scientific calculations
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on the interior features such as ceiling height, windows and
reflectance properties of the room surfaces and furnish-
ings.

Various methods, such as lumen method, point-by-
point method or ray tracing method can be used for light-
ing design. All lighting design software use one or more of
these methods. Of these, lumen method is one of the most
commonly used processes for lighting design.

For most of the designers what is more difficult is to keep
track of the changes in the calculations through out the
conceptualization & finalization of the project. Designers
need to do these calculations repetitively with every change
in the customer requirement. At the same time, most of the
customers do no understand the intricacies of the design
process and are unwilling to spend additional money for
the time designer needs to spend in recalculating.

Discovering Solutions

Modern technology has provided designers with multi-
ple options for overcoming the obstacles of energy efficient
lighting designing. On the one hand, there are numerous
lighting products available in the market that provide
greater energy efficiency, on the other hand we have soft-
ware that recommend the most appropriate lighting prod-
ucts to be used in the optimal quantities according to the
application and usage. Following examples can illustrate
the complications faced by the lighting professionals in
finding optimum solutions & then implementing them.
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It is a common practice in India to use incandescent
bulbs in hotels & restaurants in large numbers due to their
better color rendering property and the low initial invest-
ment. Although the energy saving benefits of the Compact
Fluorescent Lamps (CFLs) is widely publicized by the
manufacturers, lighting professionals find it difficult to
convince the end user to invest in CFLs. Also there are nu-
merous case studies available where maintenance person-
nel find it difficult to get the budget approvals for replacing
the CFLs and as a result opting to use incandescent bulbs
once the initial set of CFLs complete their useful life. The
typical cost of incandescent bulb is Rs. 10. (20 cents) as
compared to Rs. 300 — 500 ($6-10) for a good quality CFL.
Thus end customer needs detailed lifecycle analysis from
the consultant for doing the investment in CFLs.

In India most of the tube lights used for indoor illumi-
nation are 40-watt old tube-lights. Replacing them with
more efficient tube-lights with tri-phosphor coatings offer
a good opportunity for energy saving. The lighting effi-
ciency of these new generation fluorescent tube-lights ex-
ceeds 90 lumens/watt as compared to 65-70 lumens/watt
provided by the traditional fluorescent tube lights. Energy
efficient fluorescent tube-lights cost around Rs. 40 — 50 (80
cents — 1 $) more as compared to the conventional tube-
lights, at the same time the annual electricity cost of each
tube-light can be in the range of Rs. 700 — 1000 ($ 14- 20),
depending on the working hours. So more importance
should be given to reduce the total number of tube lights
by using more efficient lighting technology.

All fluorescent and HID (High Intensity Discharge)
lamps require a ballast to provide the necessary starting
voltage and regulate lamp current and power quality. Bal-
lasts determine the lamp’s light output, life and control ca-
pabilities. In India, the most common type of ballasts use
is the magnetic ballasts, also known as electromagnetic
ballasts. These ballasts have improved from the standard
efficiency ballasts (10-13 watts loss for 36 watt tube light)
to higher-efficiency low loss (5 watts loss) models. Replac-
ing the existing conventional ballasts either by low loss bal-
lasts or electronic ballast can reduce the ballast losses from
10-12 watts to 3-7 watts. Electronic ballasts have been de-
veloped for almost all fluorescent lighting applications to
replace their conventional magnetic counterparts directly.

A lighting upgrade is an investment not only in reducing
electricity consumption but also in improving the per-
formance of the building for grater occupant satisfaction.
A building’s lighting directly affects the comfort, mood,
productivity, health and safety of its occupants. Moreover,
as the most visible building system, it also directly affects
the aesthetics and image of the building and of the business
conducted in that building. Successful lighting upgrades
take into account the impact of energy efficiency choices
on the building occupants and seek to merge efficiency
with improved lighting quality and architectural aesthetics
wherever possible.

Now let us review some of the leading lighting software
dealing with the efficient lighting design practices.
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PROJECTKALC

ProjectKalc assists Green Lights partners in selecting ag-
gressive upgrades that meet the profitability and lighting
quality criteria established in the Green Lights Memoran-
dum of Understanding (MOU). Green Lights is a volun-
tary, non-regulatory program sponsored by the U.S.
Environmental Protection Agency (EPA). Its purpose is to
encourage major U.S. corporations to install energy-effi-
cient lighting technologies wherever they are profitable
and maintain or improve lighting quality. The program is
specifically developed for the users in United states & thus
requires some inputs & uses terminology, which might be
alien to designers in other parts of the world.

ProjectKalc’s basic capabilities can be used to define an
existing fixture type and analyze the impact of a potential
upgrade fixture and control application. ProjectKalc calcu-
lates project costs, energy and demand reduction, energy
cost savings, internal rate of return (IRR), life cycle cost
(LCC), and net present value (NPV).

User can define a project, which includes data about the
building as well as rooms. User needs to enter various in-
puts such as room dimensions, color of wall, ceiling. Based
on the user defined inputs the software then calculates
lighting parameters such as room cavity ratio, reflectance
etc. ProjectKalc comes with a basic database of standard
fixtures which user can include in the project. It also allows
users to add custom fixtures by entering performance in-
formation for fixtures not contained in the reference data-
bases.

ProjectKalc also allows user to define new upgrades by
entering a name for the upgrade in the Upgrade box. This
upgrade name is used as an identifier for this upgrade.
User can compare the upgrade for finding out the econom-
ic feasibility and the energy consumption comparison of
the project.

ProjectKalc produces a number of reports ranging from
summary level data to complete project reports. The Exec-
utive Summary report includes general, energy, financial,
and pollution prevented information for a project. The Lo-
cation Summary report includes information on the fix-
tures and controls included in each upgrade for a project,
and the rooms where the equipment is found. User can
also print the Fixture Survey Form, the Room Survey
Form, and the Detailed Room Survey Form used for sur-
veying projects and rooms.

VALUE LIGHT

GE has developed Value Light, an economic analysis
software program capable of instantaneously calculating
total operating expenses, savings over base installations,
simple payback and many other components of a complete
economic analysis. Value Light 1.3 considers the econom-
ics of lighting systems and allows you to compare alterna-
tive lighting schemes from an overall operating cost
perspective. Value Light does not concern itself with light
levels or design considerations and does not perform the
lighting design calculations. It allows user to create
projects containing a base installation, which may be com-
pared with up to nine alternative installations.
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Fig 3 ProjectKalc project information screen
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Value Light includes a GE lamp database, permitting
complete project and system analyses, that are instantane-
ously calculated. The analyses include a broad range of
feedback, from yearly lamp maintenance cost to total oper-
ating expenses. Once the user has specified the Project In-
formation, user can specify the base and alternative
installations by selecting a lamp form the database, and a
ballast configuration and ballast if required. The user
needs to specify many costs associated with the installation
such as lamp, ballast, retrofit, rebate and disposal costs.
The user is then ready to view the System Analysis Results
and select an optimum alternative installation.

The program takes lamps (and ballasts) in a fixture and
allows you to replace them with different lamps and bal-
lasts. The program compares alternatives and chooses one.
It calculates many factors including maintenance costs, en-
ergy savings and air-conditioning savings. The results con-
tain of information about general items like total operating
cost and simple payback period, and detailed items such as
the yearly cost for relamping and ballast disposal cost.
These may be displayed in several formats with Summary,
Tabular and Graphical available in System Analysis Results,
and Summary and Tabular available in Project Analysis Re-
sults.

ECO LUMEN

Eco Lumen™ is a decision support tool developed by
Tata Infotech Limited to aid facility designers in the proc-
ess of creating scientific lighting designs. The use of Eco
Lumen™ can reduce the time required to create the light-
ing design of a facility by as much as 80% when compared
to the traditional approach. An extremely user friendly in-
terface guides the designer through the various aspects of
lighting design, including the room specifications, selec-
tion of appropriate light fixtures and the optimization of
the energy consumption. Designs created using Eco Lu-
men™ have a potential to save as much as 30% of the light-
ing related electricity bills for any facility.

Eco Lumen provides designers easy access to the techni-
cal details of the individual components such as lamps and
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Fig 4 Upgrade results screen
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Fig 5 Value Light Project Information screen

i@ GE Walue-Light 1.3 - [<untitled.vlp>]

f| Fle Edi Wiew ‘window Help
D) e G O ) S| 3 i & ] 9 i

Froject J | Systermz:  Systeen1 |

ProiectInfcemoton | Anass ssuts | Fepot Mansge: IR

Ensbysic
Penod: o yaas
Lty Irdoirnation

Elactricity Flata: I'U [

it st
Mewest Location:  [Mew Yark City, Mews York Chocss Location !
Fraction bo Cook ]-35

vo o JJust Getting Started?
s
Click on the 'System 1' button. locaoted on the

View toolbar above, 1o enter your system
information.

Fig 6 Value Light system definition screen

il GE Value*Light 1.3 - [<untitled vip: ]

B Fle Edi Wew MWindow Help
D el oo @ 50 @ il & 064 @ ]
Project Il-sy!*m: Syzteen 1 I

Germal| System Desciiplion | Maklensnce /elralit Analysis Aesuibs | Graph Pinl Py |

ety | Tabula | Giaphica|
Selecs the iterz pouwish tninchede. B Syslem Components [v ‘Yeary Cash-Flow
iy thae abular view shovin biiw ™ Companer Details
| Bese ] Aleinsivel |
Lemps WCW /RS AMME F2ETBASFHIS
Balast1] FAOT12AWMP - BIZ2F120RH
[Initial Fetiafit]
Investment £0.00
Larmps £30.00
Balasts B0 00
Fetichi Labai $200.00
Febate [$0.00)
[ear 1]
DOperating Expenses $364.94 £33, 98
Larmps 3300 £1.45
Balasts 3300 £1.75
Eriengy $5654 1254 T8
[ear 2]
____——————————————————— |

RIGHT LIGHT 5. MAY 2002. NICE. FRANCE 153



SESSION 8: IMPLEMENTING QUALITY AND EFFICIENCY

Fig 7 Eco Lumen lighting layout screen

ENEF!EY EFFICIENT LIGHTING DESIGNER

Layout configuration - - 3 Rows and 5 Columns

o0

20—

.0
. . .

= —— 1 —— T

Layout Control — i
Row Spacing z ‘
o i St el .

RoomDetail Screen

fittings, as well as to the standards used in the calculations
such as the illumination levels (based on the IS 3646 Stand-
ard) Designers can also add new lighting products to the
database, either by specifying the technical parameters of
the product or by importing the photometric files.

Eco Lumen™ takes the concept of implementing Energy
Efficiency in facilities, beyond merely the designing of new
facilities. It allows the designer to upgrade existing facilities
to greater efficiency at minimum replacement costs. This
feature gives designers the flexibility to compare various
options for a room and then allows them to select the ap-
propriate design after considering the investment as well as
recurring costs. The software also includes features for cal-
culating life cycle costs and payback period for different
upgrade options.

Eco Lumen™ is also equipped with additional utilities
such as the Energy Calculator and the Unit Converter to
assist professionals with the complexities of their routine
calculations.

CONCLUSION

To come up with energy efficient designs the designers
need to consider various design parameters and under-
stand the new developments in the technology. The study
carried out by the authors suggested that most of the pro-
fessionals are aware of the general trends in efficient light-
ing technologies available, at the same time this awareness
doesn’t reflect in their designs due to lack the time & efforts
required in doing the analysis required. This is exactly the
area where IT can help the lighting designers. What is re-
quired is, understanding the specific needs, further en-
hancement of the current software solutions available, &
promoting their usage in the younger generation & stu-
dents associated with building design.
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Fig 8 Eco Lumen Upgrade Comparison screen
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TERMS & TERMINOLOGY

Professional Building Designers : Architects & Interior De-
signers

Lighting Design Process : The methodology adopted for
creating lighting designs for any indoor facility

Scientific methods of lighting design: Lumen Method, Zo-
nal Cavity Method, Point-by-point method, Ray Tracing
Method, Monte Carlo integration method or any other
method involving the calculation of light available on a
surface, plane or cavity of a facility

Energy Efficient Lighting Design Practices : The process of
creating lighting designs for any facility with a focus on
optimizing the energy bills for the facility.
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SUMMARY OF THE FEATURES

SESSION 8: IMPLEMENTING QUALITY AND EFFICIENCY

Features

ProjectKalc 3.0

Value Light 1.3

Eco Lumen 3.0

System Requirements

Hard Disk Space 10 MB NA 20 MB +
RAM 12 MB NA 16 MB +
Processor 486 or higher NA Intel Pentium or equivalent
Operating System Windows 3.1/ 95/ NT Windows 9x Windows 9x / NT /2000
Display Settings VGA monitor NA 800 * 600 res.
Lighting Features

Recommends Illumination levels as No No Yes

per standards

Provides database of lighting products Yes Yes Yes
Allows user to enhance the database Yes Yes Yes

of lighting products

Allows user to import photometric No No Yes

data files

Recommends optimum number of Yes No Yes
fittings as per room usage and

products used

Provides Lighting layout options to No No Yes
designer

Provides light distribution diagram No No Yes
Energy Management Features

Compares 2 or more lighting Yes Yes Yes
equipment for energy efficiency

Recommends the most energy No No Yes
efficient equipment from database

Provides energy calculations Yes Yes Yes
Provides economic analysis Yes Yes Yes
Calculates maintenance & relamping Yes Yes No

labor cost

Allows for multiple illumination level No No Yes
switching

General

User Interface Standard Standard Attractive
Help & User Documentation Yes Yes Yes
Reports Yes Yes Yes
Graphical results No Yes Yes
Additional tools No No Yes

Price Freeware Freeware Ver 2.0 - Freeware

Ver 3.0 - Rs. 9000/- (180%)
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Annexure 1

Sample Questionnaire
Name

Title

Company
Address

Telephone : Fax

E-mail

How would you classify your business ?
Architect Facility Manager
Interior Decorator

1.

a

] Lighting Designer
O Electrical Consultant

a

a

Professor in Building Design
Others

oooo

Electrical Manufacturers

Other Building Professional

2. What is the size of your organisation, in terms of :
> Annual revenue

> Number of Technical Professionals

3. What are the factors that you consider while calculating the Lighting specifications for a room?

U Area of room O Type of light source O Working Hours
O Colour of wall, ceiling. O AC/Non AC/open office U Energy Tariff
U Type of lighting fixtures 1 BIS lighting standards U Others

4. What is the average time required for providing a detailed analysis for a lighting design ?

5. Considering the multiplicity of the factors involved do you compromise on the scientific calculations due to lack of
time or due to the repetitiveness of the work ?

O Yes U No

6. Which method do you use for performing calculations :-

O Lumen method 1 By experience, without doing calculations
U Zonal Cavity method U By use of thumb rules

U Point by point method U Others

7. Do you feel the need for software that can take care of the lighting design?
4 Yes 4 No U Can’t Say

8. What features do you think should a lighting design software contain, and how important are each of these
features on a scale of 0-10, 0 being least important and 10 being most important ?

Feature Rating Feature Rating
1 Cost Estimation 1 Upgrade Feasibility of various options
U Energy Consumption Analysis U Task Lighting Approach

U Daylight calculations

U Integration with Control Strategies
U Industrial Lighting

U Outdoor Lighting Design

U Others

U Others

U Report Generation

U Light Distribution Layouts

1 3-Dimensional room views

U Analysis for effect of Obstructions
U Lighting quality analysis

U Photometric Data File Compatibility

1

T
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Annexure 1 (continued)

9. Please provide some information about the various software products that you use for design of trade-related
aspects in terms of the name of the product, the use that you put it to and how useful it is to you. Please rate the
usefulness on a scale of 0-10, where 10 means that the product meets all your requirements and 0 indicates a product that
has no utility for you. Similarly a rating of 5 will indicate that it meets half your requirements from such a product.

No. | Name of the Software Product Use of the Product Rating on a scale of 0-10

10. Kindly mention what you consider to be the useful features of the software product(s) that you use.

11.Kindly mention what you consider to be the weak points in the software product(s) that you use. What are the
areas of improvement ?

12.Which factors do you consider or intend to consider while purchasing a software ? Please also rate the importance
of each of these features on a scale of 0-10, 0 being least important and 10 being most important ?

Factor Rating Factor Rating
D Price in general D Technical specifications

D Company's reputation D Training programs

D Company’s range of product line D Support/ help line

D Marketing strategy D Overall quality of service

D Utility of the package D Others

13.How much are you willing to spend on a lighting design software package as compared to conventional & manual
calculations and which can improve the productivity & reliability of your lighting designs ?

() Above Rs.50,000 [ Rs.25,000 - Rs. 20,000 U Rs. 10,000 - Rs. 5,000
() Rs.50,000 - Rs. 40,000 [ Rs. 20,000 = Rs. 15,000 () Below Rs.5,000
(1 Rrs.40,000 -Rs. 25,000 [ Rs.15,000 - Rs. 10,000

14. What are the other aspects of your work, where such a design software product will be useful ?

RIGHT LIGHT 5. MAY 2002, NICE. FRANCE 157



	Computer aided efficient lighting design practices in developing countries
	ABSTRACT
	BACKGROUND
	SURVEY DETAILS
	Analysis
	Results
	Survey Summary
	FACTORS INVOLVED IN LIGHTING DESIGN
	PROJECTKALC
	VALUE LIGHT
	ECO LUMEN
	CONCLUSION
	REFERENCES
	Terms & Terminology
	SUMMARY OF THE FEATURES


