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Greening  
Consumer Electronics  
– moving away from bromine and chlorine  



ChemSeC – for a toxiC free world

ChemSec (the international Chemical Secretariat) is a non-profit organisa-
tion working for a toxic-free environment. our focus is to highlight the risks 
of hazardous substances and to influence and speed up legislative proces-
ses. we act as a catalyst for open dialogue between authorities, business, 
and NGos and collaborate with companies committed to taking the lead.  
all of our work is geared to stimulating public debate and action on the 
necessary steps towards a toxic-free world.

 

CPa – StrateGiC SolutioNS for GreeN ChemiCalS

Clean Production action, CPa, designs and delivers strategic solutions for 
green chemicals, sustainable materials, and environmentally preferable  
products for a closed-loop material economy.

CPa engages with businesses and NGo leaders to hasten the transition 
to an economy without harm. we coordinate the uS-based Business NGo 
working Group for Safer Chemicals and Sustainable materials and we 
research and promote companies’ efforts to transform the toxic chemical 
economy.
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Companies highlighted in this report have kindly contributed to the infor-
mation provided in the substitution case studies. ChemSec and Clean 
Production action are solely responsible for all other texts in this report.  
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aBSTracT

apple restricts nearly all uses of brominated and 

chlorin ated compounds, at the elemental level, from its 

products. customers can now purchase products like 

the iPod shuffle, nano, and touch, and the iPhone that 

are free of brominated flame retardants (Bfrs) and 

polyvinyl chloride (PVc). apple’s iMac and Macbook 

products are free of all Bfrs and PVc with the excep

tion of PVc use in external wires. apple had to work 

with suppliers to change the composition of hund

reds of parts, including printed circuit boards (PcBs), 

connectors, fan impellers, cable insulators, adhesives, 

films, inks, dyes, flexible printed circuits, and enclos

ures. To implement its restrictions, apple required its 

suppliers to establish strict compliance management 

programs. 
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“Apple is committed to phase out the use of  

bromine (Br) and chlorine (Cl) in its products  

with the intent to minimize impact on  

the environment and human health  

during manufacturing, use, and disposal.”
 

 – Apple Specification on the Restriction of Bromine  
and Chlorine, 069-1857-D 

apple has a long history of working to improve the environme
ntal footprint of the materials designed into its products. for 
the past decade, the company has worked to reduce the use 
of substances of concern. By embedding the concept of conti
nuous improvement into its design strategy, the company has 
become an industry leader in providing customers with a wide 
range of electronic products that contain safer chemicals and 
more sustainable materials. 

In accordance with its commitment to eliminate substances of 
high concern, apple has spent the last several years investing in 
new designs, tools, and materials to provide customers with the 
world’s first complete range of Bfrfree notebook and desktop 
computers and handheld products. With the exception of exter
nal ac and dc cables, apple also offers the world’s first range of 
PVcfree products. 

apple also recognized that other substances beyond Bfrs and 
PVc that contain bromine and chlorine are likely candidates 
for future regulatory restrictions in europe and the U.S.a. 
accordingly, the company imposed restrictions on all materials 
containing brominated and chlorinated compounds, not just 
Bfrs and PVc. This was the first time that a manufacturer 
attempted to eliminate the use of nearly all brominated and 
chlorinated compounds in complex electronic equipment. The 
approach, colloquially referred to as the “elemental approach” 
because the restrictions are imposed on bromine and chlorine 
regardless of what compound may contain them, represents 
the most rigorous basis for restrictions on chlorine and bro
mine use in electronic products.
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apple’s elemental approach helped simplify verification 
and testing of parts being qualified for new products. The 
company’s extensive research showed that elimination of only 
specific Bfr compounds, such as TBBPa, would be more difficult 
from a validation perspective since many Bfrs are difficult to 
detect; moreover, testing for PVc can be challenging at low 
concentrations. In contrast, the methods for detecting bromine 
and chlorine were wellestablished and relatively inexpensive 
to carry out. By using these methods, the company was able to 
develop robust and transparent compliance programs for its 
suppliers. 

aPPle ProduCtS elimiNatiNG SuBStaNCeS 
 of CoNCerN

macBook air Mercuryfree Lcd display 
 arsenicfree display glass 
 Bfrfree 
 PVcfree internal cables

macBook Pro Mercuryfree Lcd display 
 arsenicfree display glass 
 Bfrfree 
 PVcfree internal cables

imac  arsenicfree display glass 
 Bfr–free 
 PVcfree internal cables

iPhone 3G and iPhone 3GS Mercuryfree Lcd display 
 arsenicfree display glass 
 Bfrfree 
 PVcfree 

iPod touch Mercuryfree Lcd display 
 arsenicfree display glass 
 Bfrfree 
 PVcfree 

iPod nano Mercuryfree Lcd display 
 arsenicfree display glass 
 Bfrfree 
 PVcfree

iPod shuffle Bfrfree 
 PVcfree

The widespread use and complex nature of brominated and 
chlorinated compounds in Bfrs and PVc required apple to com
pletely eliminate (rather than just reduce) these substances 
of concern from thousands of parts, including printed circuit 
boards (PcBs), connectors, fan impellers, cable insulators, adhe
sives, films, inks, dyes, flexible printed circuits, and enclosures. 
apple’s goal was to have all products compliant by the end of 

2008. With the exception of PVcfree replacements for external 
wiring in some computers and displays, apple has met its goal 
and now has many Bfr and PVcfree products available to 
consumers. apple continues to work with suppliers to develop 
PVcfree alternatives that not only meet the necessary tech
nical and safety specifications for external cables, but also meet 
apple’s stringent cosmetic requirements.

oveRcoming Technical challenges
To provide clear guidance to its supply chain, apple developed 
a new specification in 2006 that outlined the company’s inten
tion to eliminate bromine and chlorinebased compounds 
in all homogeneous materials used in apple products. When 
apple initially released its 0691857 specification, the company 
referenced and revised widely accepted standards such as the 
Iec 61249221:2003 standard for lowbromine and lowchlorine 
printed circuit board laminates. apple defined bromine and 
chlorinefree by using the same limit established in these 
standards, namely that of 900 ppm (0.09 %) of bromine and 
chlorine, and 1500 ppm (0.15 %) of the combined total of the 
two elements. This threshold essentially closes the door on 
all intentionally added Bfr compounds and PVc applications, 
because chlorine and bromine in Bfr and PVc applications are 
not effective at such low concentrations. Bromine is typically 
used in concentrations above 50,000 ppm to flame retard 
plastics and the chlorine content in PVc is even higher. 

New supply chain specification

SuBStaNCe reStriCtioNS for homo- 
 GeNeouS materialS  
 (SuBStaNCe CoNCeNtratioN  
 limit BY weiGht) 

Bromine (Br)  900 ppm (0.09 %)

Chlorine (Cl)  900 ppm (0.09 %)

total concentration of  1500 ppm (0.15 %) 
bromine (Br) + chlorine (Cl)

Unlike the Iec specification, which only applies to printed 
 circuit board laminates, apple’s specification requires that its 
estab lished thresholds be met for all homogeneous materi
als. This ensures that every material used in the company’s 
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products can be tested and verified with readily available and 
 inexpensive test methods and procedures. 

apple’s suppliers were required to establish strict compliance 
management programs, which included using certified labora
tory testing to demonstrate that they were complying with the 
new requirements. This approach is analogous to that required 
by many electronics manufacturers to demonstrate roHS com
pliance. Throughout the transition, apple monitored its suppli
ers’ compliance via internal audits, and the company repeatedly 
found instances where brominated or chlorinated materials 
were used in parts that suppliers claimed to be compliant with 
apple’s limits on bromine and chlorine. a transparent compli
ance program, which allows for quick and inexpensive material 
testing, enabled apple to identify problems early on and take 
corrective action. This would not have been possible if apple 
had relied solely on the paper trail of supply chain declara
tions – which is commonly used to demonstrate compliance by 
OeMs in the electronic sector – nor would it have been possible 
if apple had only restricted Bfrs and PVc because compliance 
tests for these substances are either more complex or do not 
exist. an extensive auditing program in a supply chain is critical 
to increasing compliance and ensuring full implementation of 

new material specifications, particularly during the early stages 
of the transition.  

Technical confoRmance and ReliabiliTy
an important aspect of apple’s achievement in eliminating bro
mine and chlorine was the company’s success in ensuring that 
the new environmental specifications do not interfere with the 
strict quality, reliability, safety, and performance requirements 
that are critical to the dependability of its products.  

apple’s conversion to Bfr and PVcfree products was not 
without cost, but the company’s expenses were reduced by 
employing widely accepted strategies: implementing the trans
ition in phases; leveraging new product development cycles 
to introduce new materials; and partnering with suppliers on 
new materials development and qualification. To minimize 
disruptions to production, apple phased out the use of chlorine 
and bromine over four transition phases coinciding with new 
product releases (four phases listed below).This approach had 
the advantage of sharing the research and development costs 
of using alternative materials with the fixed cost of developing 
new products. 
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PhaSe oNe >>>>

Userinaccessible (i.e. 
internal) cable jackets 
and internallydesigned 
PcB laminates

PhaSe two >>>>

Insulators, films, and 
en closure plastic parts  

PhaSe three >>>>

Useraccessible (i.e. 
external) cable jackets 
and externallydesigned 
PcB laminates  

PhaSe four >>>>

connectors and electri
cal components soldered 
to printed circuit boards 

 apple worked with suppliers to overcome manufacturing 
and design challenges that inhibited the replacement of Bfrs 
and PVc. This partnership allowed the company’s suppliers to 
manufacture parts that met its reliability, performance, and 
quality requirements. In many cases, bromine and chlorinefree 
alternatives were not “dropin” replacements and required pro
cess or design changes to accommodate their differing mate
rial characteristics:

• Bromine- free laminates for printed circuit boards: The 
electrical and mechanical characteristics of bromine and 
chlorinefree PcB laminates, including the dielectric constant, 
peel strength, and glass transition temperature, differ from 
traditional Bfr based laminates. designers had to address 
these differences by designing PcBs specifically tailored for 
bromine and chlorinefree materials. extensive testing had 
to be conducted to ensure that signal integrity, reliability, 
electromagnetic compatibility, and manufacturability met 
internal standards. 
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• Chlorine-free cables: The transition to PVc alternatives for 
internal cables was not trivial. Many of the alternative mate
rials for external cables that were available did not meet 
apple’s strict cosmetic and mechanical requirements. In 
some cases apple was able to avoid the use of cables alto
gether by simplifying the internal design of its equipment. 
Such an approach allowed apple to replace over six feet of 
cables in the Mac Pro with more materialefficient connec
tors that allow easy disassembly at end of life. 

• Bromine/chlorine-free solder paste and flux: apple con
ducted trials with several suppliers comparing traditional 
brominated fluxes with brominefree alternatives to quantify 
changes in manufacturability. Process conditions had to be 
adjusted to determine the optimal soldering conditions for 
the solder paste and flux selected for apple’s manufacturing 
process.

during the initial phases of the transition, availability of bro
mine and chlorinefree parts was an ongoing concern. The 
schedules of the company’s supply chain partners had to be 
considered since it typically took several months for the supp
liers to complete qualification testing and rampup volumes 
of new bromine and chlorinefree materials. Suppliers subse
quently used apple products as a launch vehicle for offering 
new brominefree and chlorinefree materials to other equip
ment manufacturers. 

Technical challenges remain. for example, identifying suitable 
PVc alternatives for external ac and dc power cables has 
proven to be extremely difficult due to regional variations in 
external safety standards. The variance in international safety 
standards poses a major challenge to electronics manufactu
rers who support a worldwide customer base, and it can force 
the development of multiple alternatives to meet differing 
standards. apple has been working with resin manufacturers 
and cable extruders to develop customized resins that meet its 
requirements. apple has already shipped millions of products 
with PVcfree alternatives. for example, the company has been 
shipping PVcfree USB cables and headphone cables for iPod 
and iPhone products since the summer of 2008. 

apple has worked closely with suppliers to develop new alter
natives for its desktop and notebook products and is in the final 
stages of developing and certifying PVcfree ac power cables. 

using safeR chemicals and moRe susTainable 
alTeRnaTives 

“Materials that adversely affect human health 
or the environment must not be substituted in 
place of bromine or chlorine.” 

– Apple Specification on the Restriction of  
Bromine and Chlorine, 069-1857-D

Since 2001, apple has led the industry in increasing the use of 
inherently fireresistant metals for enclosures, such as titanium, 
steel, and aluminum, to avoid the use of any flame retardant. 
The company has also used new polymers that have higher 
inherent flame resistance and therefore reduce dependency on 
flame retardants. 

apple encouraged the use of environmentally benign, cost
effective, and widely available alternatives. The company 
continued its ban on potential flame retardant substitutes like 
antimony trioxide and red phosphorous because of their high 
environmental risk. apple also conducted toxicity assessments 
on preferred alternatives to ensure that the company was 
moving toward safer substances. for example, components 
in apple products use flame retardants such as ammonium 
polyphosphate (or aPP, which is often used as a food additive), 
metal hydroxides (which are used in antacids), and other safer 
substitutes.
 
apple’s success in overcoming technical challenges is increasing 
the market viability of new chemicals and materials that pre
viously could not compete with lowcost applications dependent 
on bromine and chlorine compounds. This groundbreaking work 
allows manufacturers to debut chemicals and materials that are 
designed to have a lower environmental impact yet perform well 
and meet critical reliability specifications. 
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Apple’s success in overcoming technical challenges 

is increasing the market viability of new chemicals 

and materials that previously could not compete 

with low-cost applications dependent on 

bromine and chlorine compounds.



international Chemical secretariat

box 7005, sE-402 31 Göteborg, sweden

tel:  +46(0)31-711 04 95  

E-mail:  info@chemsec.org

www.chemsec.org

Electronics manufacturers, standards bodies, and legislat-

ors have begun to take notice of the human health and 

en vironmental concerns associated with the use of bromin-

ated and chlorinated compounds in electronic products. An 

array of conflicting definitions and policies have emerged 

to address these concerns at various levels. this report is 

intended to show the feasibility of re-engineering consumer 

electronic products to avoid the use of these compounds 

and recommends a definition to address human health and 

environmen tal concerns that is implementable by industry. 

CPA and Chemsec have compiled case studies that provide 

examples of seven companies that have removed most forms 

of bromine and chlorine from their product lines. the purpose 

of this report is to allow parties outside the industry to see 

the level of conformance that can be met today, as well as 

provide a tool for engineers designing the next generation of 

greener electronic devices. 

CPA (north America) 

P.O. box 153, spring brook, ny 14140, usA

tel:  +1 716-805-1056

E-mail: alexandra@cleanproduction.org

www.cleanproduction.org




