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CHAPTER REPORTS
Dr Tony trVon-9 fnrnr c\\'atcl CRC

presented an overview of the Model tbr

Urban Stolmwater Improvement

Conceptualisation to our March

Technical Seminar. This was the first

presentation in WA since the introduction

of version 3 of MUSIC and was a useful

update for current users as well as an

introduction to those less famil iar with

the rnodel. The use of MUSIC in WA has

not been Llniversally accepted. with local

hydrogeolo-eical condit ions being cited as

a challenge tbr the application of the

model on the Swan Coastal Plain.

However. Interinr guidelines fbr the use

of MUSIC in Perth ale currently being

developed and wil l  be presented to ir

future Technical Seminar - so wirtch this

space fbr details.

Engineers can make a difference in

the world - a young engineer's

experience in Banda Aceh, Gajan

Sivandran, Austral ian Red Cross.

Dov id  Horn
WA Chopter  Cho i rmon

For  our  May Techn ica l  Seminar

Gajan  S ivandran gave us  a  persona l

account  o f  h is  exper iences  w i th  the

Red Cross  in  Banda Aceh.  Th is

sess ion  was jo in t l y  sponsored w i th

Eng ineers  Wi thout  Borders  and

reflects the WA Committees efforts to

engage o ther  pane ls  and

organ iza t ions  w i th  s imi la r  in te res ts .

Ga j ' s  p resenta t ion  was we l l  a t tended

and proved espec ia l l y  popu lar  w i th

younger  p ro fess iona ls .

Water for Life - Water and Sanitation
in the Global Arena, 'Panel of speakers:

Paddy Cullen (Oxfam). Carol ine

Pembrooke (UNAA), Barry Tonkin

(RedR), Chris Wooten (WaterAID).

Neryl Lewis (AusAID). Jar \ ' latta (Red

Cross) and Jerome Bowen (En-sineers

without Borders).

Fol lowing on from our May Technical

Serninar. this event, joint ly hosted

with the Hydrology and Water

Resources  Pane l .  exp lo red  the  cur ren t

state of water and sanitat ion around

the  g lobe and was a  grea t  success .

There was some vigorous discttssion

and we hearcl about opportunit ies for

overseas water work - many paid

opportunit ies as well  as voluntary

work .

Forthcoming Events

Forthcoming events include technical

seminars on Rethinking Education fbr

Capacity Bui lding (Prof Goen Ho.

Wednesday 7th June) and Sustainable
Waste Management (Dr Steve Labrooy.

Wednesday -5th July).

THE ENVIRONMENTAL IMPACT OF COMPACT
FLUORESCENT LAMPS AND INCANDESCENT

LAMPS FOR AUSTRALIAN CONDITIONS
David Parsons, Faculty oJ'Engineering & Surveying, University of Southern Queensland

lntroduction

Compact f luorescent lamps (CFLs) have

become one of the most efl'ective energy

conserving l ight sources for consumeL

use because they consume about 20% of

the energy used by incandescent lamps

for the same l ight output. This reduction

in energy consumption would also be

expected to have beneficial impacts in

health and other environmental areas.

Prices in Austral ia have now become so

low that i f  claimed l i fet imes fbr CFLs

are real ist ic, then the payback t ime is of

the order of a few months, depending on

usage pattern. only a small  f iact ion of

the l i fet ime of the lamp. Given also that.

according to Lister et a/ (2002). lamps

conslrme about 2-5% of worldwide

electr ici ty consumption. or alternatively

12 TWh of electr ici ty in 2005 worldwide
(Ell is 2005), i t  is worth confirming that

erpected henel ' i ts do in fact occur.

Compact fluorescent lamps however

have some disadvantages relative to

incandescent lamps, namely their much

greater use of materials, mainly in the

electronic bal last, their use of toxic

mercury in the tube gases, their poor
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Figure  1  .  The compoct  f luorescen i  lomp

o no lysed.

power factor and high harmonic current

demand plus the potential

electromagnetic interference etTects of

the current-switching nature of their

electronic bal lasts. There are also

l ingering concerns in the community

about dimness, colour and l i fet ime.

Many of these latter issues are addressed

at a practical level by Pears (2006).

l. l ife Cycle Anolysis

There does not appear to have been a

published environmental l i fe cycle

analysis (LCA) which compares CFLs

and incandescent lamps since Gydesann

& Maimann (199 l) and Rubik and

D'Haese ( 1994) both of which were lbr

European condit ions and the latter of

which admits of substantial data gaps. In

addit ion, since that t ime considerable
progress has been made in several areas

of CFL design. Consequently this paper

presents such an analysis for Austral ian

condit ions.

Inventory

There seems to be general agreement

that the claimed l ight output equivalence

is achieved by an incandescent lamp of
100 W lat ing and a compact f- luorescent

bulb of I  8 W rat ing. Consequently the

common unit of study was the l i fe of

one I ll W compact fluorescent lamp
(warm white) and al l  data presented

relates to that unit .  One of each type of

lamp was disassembled and an inventory

made of i ts components and their mass

to a level of 0. I  g.

The incandescent lamp (common brand)

was made in Indonesia and the CFL was

made in China. so al lowance was made

fbr their transport. One manuf-acturer has

detai led packaging data avai lable on

their website (Phi l ips Electronics 2006)

and so estimates of packing quanti t ies

were also made. on the assumption that.

being breakable i tems. packaging would

be substantial and therefore possibly

signif icant in the analysis.

The inventory of material content

including packaging in the two larnps is

given in Table 2.



Similarly, there seems to be general

agreement about the expected median
l i f 'e of lamps (conflrmed by O'Rourke er
a/. 2001) so once again manufacturers'

claims were accepted and inventories of

energy used were compiled fbr three
different regions of Australia as

indicated in table 1. According to Norris
et al. (2003'). the energy used in
retai l ing and wholesal ing consumer
iterns is sufl lcient to warrant i ts
inclusion in any LCA, consequently an
estimation of this energy was made

fol lowing the guidel ines given in that
paper which were based on wholesale
pr ice .  S imi la r  a l though somewhat  lower
figLrres are reported in the Japanese
Input-Output tables fbr 1995 (Centre for
Design private archive. 2006). These
ligures are also given in Table 1.

Estimates were also made of normal

energy  losses  in  t ransmiss ion  sv \ tems.

assumed tt't be 2c/c afier Zobaa and Anz
(200'1) and losses due to poor power

factor, assumed to be 1' lc based loosely
on Jinjun et al.  (20021 and Bialek
( I  996) and these f igures are also
included in Table l .

Most of the components and processes

in r  o l r  ed  in  manu l -ac tur ing .  t ranspor t ing .
using and disposin-e of the two lamps

are avai lable in the databases associated
with Austral ian versions of Sima Pro
(Pre.Consultants 2004). A rnodel of the
l i t 'e cycle of both lamps as used in
Austral ia was made and Sima Pro was
r.rsed as the tool to analyse these models.

Typical transport within Australia was
assumed to be 700 krn by road for
distribution from entry port to other
major centres and a total of I 20 km by
road at end of lif'e fbr transport from
point of disposal to landfi l l .

Uncertointies in the Invenlories

There were ser.eral detai ls of inventory
where estimates were made based on the
I i  terature.

l .  Mcrcury content in CFLs. Since the
mercury in the lamps is in gaseous

fbrrn. i t  was not possible to weigh i t

accr"rratelv. However manufacturers
quote f igures of 5 mg (Phil ips

Electronics 2006) and 3 mg (General

Electr ic 2006) and Lankhorst et n1.
(2000) suggest that modern lamps use
arnalgams of mercury. bismuth and
ind ium,  typ ica l l y  Hg3Bi  l56 In  141 .  Th is
amalgam was assumed with Hg set at 3
mg for the analysis. A l-ulther minor

uncertainty arose because of a lack of
data about the environmental impacts of
lndium but in the context of the whole
t i f 'e of the lamp. i t  is unl ikely that this
omission wil l  material ly aff-ect

Tob le  I  .  Energy  usoge o f  who leso le ,
f luorescent  lomps,  tok ing  occount  o f
foctor.

re to i l  ond  l i fe t ime fo r  incondescenf  ond compoc i
t ronsmiss ion  losses  ond losses  due to  low power

Tob le  2 .  Inventory  o f  moter io ls  in  bo th  lomps

environmental outcomes because in
material saf-ety data sheets, indium has
no toxicity data although i t  is classif ied
as hazardous i f  swallowed.

2. Other gases in the tube. According to

Ekambaran et al (2005'), Mercury and a

noble gas such as Argon f i l l  the tubes of

f luorescent lamps in a rat io of about I

to 500 by pressure and consequently i t

u,as also assumed that a corresponding

amount of the inert gas Argon was also

in the CF lamp.

3. Both lamps used an unknown

material fbr sealing around the glass

tube ends and securing i t  to the base.

There are some suggestions on

encyclopaedia-type web sites that they

are Phenol- lbrmaldehyde resins which

can include skin irr i tants but definit ive

intbrmation was not avai lable.
4. I t  was not possible to identi fy or f ind
inventory data for the phosphor in the
CF lamp. The l i terature suggests that

there are several possible complex
phosphors which may be used and
mixtllres of which are used to obtain a
range of colour temperatures, see for
example Lister e t al (2004). Lankhorst
& Niemann (2000) and Silvania (2004).

In spite of some older suggestions that
some of these may be harmful to health,

no definit ive data was avai lable for use
in the analysis. The Material Saf 'ety
Data Sheet issued by one supplier in the

USA market states: that the phosphor is
a "phosphii te mix using manganese, rare

earth elements such as lanthanurn. and
yttr ium as either an oxide or as a
phosphate. along with a
barium/aluminum oxide al l  are t ightly
bound in the phosphor matrix. The
phosphor components may vary sl ightly

depending on the color of the lamp.
Some lamps may contain a thin coating

of t in oxide inside the glass", and (with

regard to the phosphor). "There have

been no signif icant adverse effects on
humans by ingestion, inhalat ion. skin
c o n t a c t .  o l  e y e  c o n t i l c t .  A n t i m o n l .
manganese. yttr ium and t in compounds
are characterized by OSHA as
hazardous chemicals. however. due to

their insolubi l i ty. relat ively low toxicity
and small  amount present in the
phosphor and lamp. these materials do

not present a signif ici int hazard in the
event of breakage of the lamp"
(Technical Consumer Products 2005).
These considerations led to an
assumption that the phosphor would not

be signif icant in i ts environmental
irnpact.

5. Some approximations were made fbr

the analysis about the distances the
Iamps were transported and i t  was also
assumed that manuf-acturing occurred

using Austral ian technology. Since the
analysis below shows that transport and

manufacturing ener-cy cornprise only
small  proport ions of the total impact.
providing location-specif ic data fbr
these two areas would rnake little
difl'erence to the overall olltcomes.

THE ENVIRONMENTAL ENGINEER PAGE 9

Lomp Wotfoge lifefime
W Hours

lnergy used [nergy used With loss in Energy used
during with disfiibufion during
lifetirne kWh frcnsmission syslem due to wholesole

losses @ 2% low power ond refqil
kwh fodor kWh kwh

lnrondexent
(ompod
fluorescenl

100
l 8

2000
8000

800
144

8 1 6
147

8 r 6
r 48.5

I .58
7.99

Incondesrent lomp
Moferiol
Lomp lolol
Melol bose -linplole

Filomenl - tungslen
Bose pins - ropper
lnlernol wires - copper
Bose conlocls - ropper
Bose ronlods - solder
Bose insulotion - block qloss

Inlernol glos
Globe-glos
Internol filler

Pockaging box -rsrd

Compocl fluorescenl lomp
Muferiol
Lomp lolol
Melol bose -tinplote

Bose pins - copper
Bose tonloris - copper
Eose conlorts - solder
Bose insulrtion - blork gloss
Tube - glos
Gos * mertury porl

Sollost - eledronic ossembly
Inlernol "glue"
Plostic bose - PV(
Iledrode ossembly - glos
[ledrode osembly - wires
Pockoging - poper
Puckoging - Ptl

Moss (g)
90.6
1 . 7
<0.1
-0.4
-0.2
6.2
35.5
3mq (from doto)
26.2
J .0

l 5 . l
0.4
-0. I
5.0
25.7

Moss {g)
31 .5
1 .7
<0.1
<0.1
<0.1
-0.4
-0.2
6.2
0.5
17.2
4.0

24.0




