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Abstract—Lighting upgrades involve relatively lower costsigih
allow the benefits to be spread more widely thapoissible with any
other energy efficiency measure. In order to pajmeéahe adoption of
CFL in Taiwan, the authority proposes to implemamew energy
efficient lamp comparative label system. The currstudy was
accordingly undertaken to investigate the factoffecing the
performance and the deviation of actual and labpkrbrmance of
commercially available integrated CFLs. In this @gpstandard test
methods to determine the electrical and photomegiformances of
CFL were developed based on CIE 84-1989 and CIED50987,
then 55 selected CFLs from market were tested r&hdts show that
with higher color temperature of CFLs lower effigaze achieved. It
was noticed that the most packaging of CFL oftek the information
of Color Rendering Index. Also, there was no ceatieh between
price and performance of the CFLs was indicatethis work. The
results of this paper might help consumers to makee informed
CFL-purchasing decisions.

Keywords—Compact fluorescent lamp (CFL), Efficacy, Color

Rendering Index (CRI), Energy saving.

|. INTRODUCTION

LIMATE change is becoming an ever more importastiés

in our lives and energy saving is an urgent togithe
world. Lighting accounts for around 10% of totaleggy
consumption in a country, and this area offers ictemable
potential for energy savings. As well known, one tbé
strategies for achieving the goal of reducing eieity
consumption of a building is by replacing energgfiicient
incandescent lamps with energy efficient light sesrsuch as
compact fluorescent lamps (CFLs). Many countrie8][have
developed energy rating systems to encourage carsumuse
high energy-efficient lamps, especially for builgénwith air
conditioning.
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The efficacy value (lumens/watt) is the major crie to
determine whether a lamp can meet the specific ggner
efficiency requirement specified in the rating syst In the
United States and Canada, the Energy Star progadeis|
compact fluorescent lamps that meet a set of stdadfmr
starting time, life expectancy, color, and consiste of
performance.

The intent of the program is to reduce consumeceos due
to variable quality of products.Those CFLs witleeant Energy
Star certification start in less than one secorttidmnot flicker.
There is ongoing work in improving the "quality” of{or
rendering index, CRI) of the light. In the Unitedngdom a
similar program is run by the Energy Saving Trustdentify
lighting products that meet energy conservation and
performance guidelines. The Hong Kong government
implements a mandatory energy efficiency labeliopesne
(EELS) for specified electric appliances in Hongni§go The
compact fluorescent lamps (CFLs) are included.

In Taiwan, the government launched some progrargsted
the legal, technical, and awareness aspects dififlgglsince
2008. An endorsement label system for energy efiixy
lighting facilities had been developed in 2009. fag 100
models from 13 manufacturers had been qualifiettis label
system. In order to increase the adoption rateefgy efficient
light for achieving the national goal of reductioh GHG
emissions generated by inefficient lighting, a newergy
efficient lamp comparative label system (EELCLS} leen
proposed in Taiwan.

This “Grading Type” energy label is divided intggades. A
light system with a Grade 1 label means thattliésmost energy
efficient product in the market. The luminous €dfiy is the key
factors to classify the energy efficiency gradiffigight system.
Before launching this energy efficient lamp labgiktem,
Architecture and Building Research Institute, theistry of
Interior, Taiwan conducted a pilot project for urgtanding the
performance distribution of CFLs available in tharket.

This paper reports on the results obtained fromphbject to
conduct the electrical and photometric performance
measurement of integrated CFLs. Several factoestifig the
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labeled performance of commercially available int¢gd CFLs
is addressed.
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Il. EXPERIMENTS

A.Sample preparation

In order to get the representative samples in ghidy, 55
integrated compact fluorescent lamps contained dviptes
with tubular-type and 38 samples with helical-tygre selected
from the market. The electrical power inputs oestd lamps
are less than 25 Watt.

B. Methods

Standard test methods are used to determine thmeepies
for the selected CFL samples. The electrical amutqwhetric
performances of CFL were determined by using arons flux

I1l.  RESULTS ANDDISCUSSION

The test results of electrical and photometric granBince
tests for the 55 CFL samples are summarized ineTablt was
observed that the values of CRI for 2 samples g8oand no.
44) were less than the limiting value (80%) thatehdorsement
label system is required. Also, no significant eliéhces of
voltages, watts and color temperature between memsumt
and nominal value in specification were observed these
tested samples. The averaged relative errors ftisaad color
temperature of these CFLs are —2.1% and 0.6%, ctieéply.
This implies that CFL power output may depend guetpf
integrated ballasts (traditional magnetic or -elmtt

measurement system based on CIE 84-1989 [4] and dfll'gh-frequency), and also depend on ballast matwiacand

60901-1987 [5]. The electrical characteristics meament and
procedures shall be as described in Section 1 am#XAB of
IEC 60901. Lamp
computing the ratio of the measured lamp lumen wugmd
lamp electrical power input at equilibrium for theest
conditions. The general color rendering test basedCIE
13.3-1995 [6] is conducted to calculate the colemdering
index of CFL.

Fig. 1 Integrating sphere photometer

luminous efficacy is determined b

quality of ballast. However, the averaged relatareor for
efficacy is considerably larger than for other paeters. The
veraged relative error for efficacy of tubulargy@FLs and
elical-type CFLs are 12.7% and 4.8%, respectivelg.worth
to note that the measured efficacy of 16 CFL sasiplduded 4
tubular-types and 12 helical-types were less tlmamimal value
in specification. That means that many CFL efficatgims
were outright exaggeration, often by about 5 pedree in a
few extreme cases by 15 percdrirthermoreit was common
that the indicated efficaayas inaccurate.
With the above-mentioned experimental results, esom
noteworthy observations are addressed as follows:
1) The information on packaging of CFL was often defit
in terms of Color Rendering Index.

2) Lower wattage CFLs have lower efficacies and higher

wattage CFLs have higher efficacies. Generally hshe
Watt for bare CFLs are as follows: less than oraétm 10
watts: 59.0 lumens/ Watt; 10-15 watts: 62.7 lumé&kiatt;
15-25 watts: 64.8 lumens/ Watt.

3) Lower color temperature of CFL has higher efficaaad
higher color temperature of CFL has lower efficacie

4) The experimental results indicated that there was n
significant correlation between lamp length andteffy of
the CFLs.

5) This paper carried out electrical
performance testing of 55 different CFLs from diéfiet
manufacturers in the market concluded that there mea
correlation between price and performance of thesCF

6) The minimum allowable luminous efficacy for gradiafy
any CFL of a type is listed in Table 2. The numieCFLs
that belong to each grade of a new energy effidesmip

comparative label system (EELCLS) in Taiwan is also

listed in Table 2. Table 2 reveals that about tifthb-fof
samples are in grade 3, about 27% of CFLs areadeg#
and only one sample is labeled in grade 1.

TABLE |
COMPARISONBETWEEN SPECIFIEDAND MEASUREPROPERTIESFOR 55
SELECTED CFLs
> # Type Wattage Efficacy Color temp. CRI
: e = S spec mea spec mea spec mea mea
Fig. 2 Luminous flux measurement system -
1 Helical 5 4.7 69 58.9 2700 2727 839
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2 Helical
3 Tubular
4 Tubular
5 Helical
6 Helical
7 Tubular
8 Tubular
9 Helical
10  Tubular
11  Helical
12 Helical
13  Tubular
14 Tubular
15  Tubular
16  Tubular
17  Helical
18  Tubular
19  Tubular
20  Tubular
21  Helical
22 Helical
23 Helical
24 Tubular
25  Tubular
26 Helical
27  Helical
28  Helical
29  Helical
30  Helical
31  Helical
32  Helical
33  Helical
34  Tubular
35  Tubular
36  Tubular
37  Helical
38  Helical
39  Helical
40  Helical
41  Helical
42  Helical
43  Helical
44 Helical
45  Helical
46  Helical
47  Helical
48  Helical
49  Helical
50  Helical
51  Helical
52  Helical
53  Helical
54  Helical
55  Helical

4.9
51
5.3
7.8
8.2
7.9
10.8
13.8
13.6
141
14.5
16.4
17.0
17.9
18.0
21.9
17.8
18.2
17.8
19.5
18.1
21.0
21.2
23.2
51
5.2
7.7
8.3
11.9
13.9
12.7
12.5
19.8
20.1
21.0
21.3
5.2
5.1
55
10.2
9.6
9.6
11.1
11.4
11.3
13.8
13.3
13.3
21.0
20.8
19.9
22.6
24.0
23.7

59
a7
46
72
65
57
49
61
54
67
61
57
57
70
65
65
56
60
57
60
56
60
60
56
52
52
55
55
52
55
55
55

55
55
55
55
50
55
60
65
65
60
65
68
65
60
65
70
63
65
68
70
65

55.4
52.8
50.6
71.6
65.1
55.7
54.4
67.6
60.2
74.1
64.7
66.1
60.6
69.3
66.6
71.6
60.2
70.2
64.1
75.2
64.4
69.8
59.5
55.5
57.6
51.7
64.9
61.8
53.0
68.8
63.9
62.8
57.4
56.6
67.4
59.6
58.8
55.5
53.7
58.6
65.6
65.2
61.8
68.8
61.5
69.6
62.0
67.1
69.0
64.4
60.4
65.0
64.3
60.9

6500
2700
6500
2700
6500
2700
6500
6500
6500
2700
6500
2700
6500
2700
6500
6500
2700
2700
6500
2700
6400
6500

6500
2800
6500
2800
6500
6400
2700
2800
6500

2800

6500

2800
6500
2700
6500
4100
6500
2700
4100
6500
2700
4100
2700
6500
4100
2700
4100
6500
4100
2700
6500

6182
2780
6210
2725
6351
2791
6347
6001
6366
2766
6265
2751
6165
2701
6390
6243
2715
2738
6347
2793
6195
6521

3070

6018
2708
6319
2726
6130
6234
2630
2733
6266
2904

6389
2936
6331
2732
6335
3928
6484
2826
4086
6261
2781
4285
2895
6504
4133
2884
4124
6350
4285
2798
6318

84.0
83.8
84.1
83.3
84.4
82.9
82.1
80.0
82.0
83.4
82.7
84.1
83.2
83.5
86.0
82.1
83.5
83.9
85.6
82.6
83.0
83.5
85.1
80.0
84.3
84.4
84.6
83.8
81.1
84.4
82.3
80.5
81.0
78.7
80.9
81.8
84.0
84.5
86.2
84.2
83.7
84.7
78.0
84.5
84.8
82.5
82.5
84.8
82.9
84.3
83.8
82.5
83.9
83.1
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IV. CONCLUSIONS

Saving energy and reducing installed cost of compac
fluorescent lamps are significant concerns for enzing
CFLs. In this work, the standard test methods feasaring
electrical and photometric performances of comnadci
available integrated CFLs were developed. The kests found
the poorest performing CFL to give 15% less effjcditan
stated, while a few of the best gave slightly Igstially), and
most somewhat over stated efficacy. It is worth tiogimg that
there are 35 qualified CFLs that can potentiallgtiegher than
the grade 3 performance specification of new TaivZdL
comparative label system. Also, there was no catios
between price and performance of the CFLs was ateltin
this work. The results of this paper might help suamers to
make more informed CFL-purchasing decisions.

TABLE Il
MINIMUM ALLOWABLE LUMINOUS EFFICACY FORINTEGRATED TYPE CFLs

Rated Lamp Minimum Allowable Luminous Efficacy (Lumen/W)
Wattage (number)

Grade 1 Grade 2 Grade 3 Grade 4 Gradeb5

>72 63<X<72 54<X<63 45<X<54 <45

<10W
©) ©) @ ©) ©)
>74  66<X<74 58<X<66 50<X<58 <50

10-15W
@ (10) 13) (6) ©)
15— 25W >79  72<X<79 66<X<72 60<X<66 <60

© ) ®) 9) ®)
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