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MESSAGE FROM  
THE ICF PRESIDENT 

Dear ICF Member

More than 60 ICF member representatives found their 
way to Amsterdam, which in difficult economic times 
is a signal of your support. From the feedback I have 
received since the Amsterdam Congress I believe it is 
fair to say that the Amsterdam program was very well 
received, in particular the presentations of the CEOs 
of leading ICF member companies on topics of inter-
est to the entire membership.

I have been honored to be elected President and glad 
that I will be supported by Mr. Vincent and Mr. Fuentevilla as Vice Presidents. As 
I stated in my acceptance speech: very special thanks go to Antonio Fuentevilla, 
who through his leadership and involvement guided ICF through challenging times 
but in my view also set the foundation for a solid future.

Together with my colleagues in Council the program for next year has already been 
outlined. Peter Ford, Chairman of the ICF Standing Commission and his team have 
started the implementation of the program. Don’t forget to mark your calendars for 
our next annual congress in Washington D. C.:

It will begin with a reception on the evening of Tuesday, October 13 and will con-
clude with a gala dinner on Thursday, October 15. The program will be followed  
(for those interested) by exciting excursions on Friday, October 16. We have already 
lined up a number of excellent speakers, as well as first-class entertainment. We 
will be staying at a luxury historic hotel called the Mayflower, which was designated 
by President Truman as the second best residence in Washington (falling short only 
of the White House). I am sure an enjoyable and productive time will be had by all.

I look forward to serving the membership as President and ask for your continued 
support and involvement in our Federation.

Sincerely yours 
Stuart W. Thorn

Information by the ICF Secretariat

The presentations of the Amsterdam Congress are available for download in the 
password protected member section.
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TRENDS IN  
AUTOMOTIVE WIRING
VEHICLE PRODUCTION IS AT RECORD LEVELS, BUT THE MARKET 
IS CHANGING RAPIDLY: MORE DEMAND IN EMERGING MARKETS, 
TOUGHER GOALS FOR WEIGHT AND EFFICIENCY, AND MORE 
ON-BOARD ELECTRONIC FEATURES.
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collects automotive industry statistics. 
With growth remaining above 3% this 
year, the 2014 total will be more than 
990 million. The increased number of 
vehicles-in-use results from increased 
longevity and from more sales of new 
cars. Organizations such as the Euro-
pean Automobile Manufacturers Asso-
ciation and R.L. Polk have released data 
showing the average age of vehicles-in-
use has been steadily increasing since 
2002. The average age is projected to 
continue rising, due to improvements 
in vehicle reliability. In addition, world-
wide sales of cars and light trucks have 
increased from 64 million units in 2009 
to 84 million in 2013.

tor specification and harness design. 
The third is the trend to more electronic 
interfaces throughout the drive train and 
control systems, plus inside the pas-
senger compartment. This is increas-
ing the number and complexity of har-
nesses in vehicles.

More cars on the road
There are almost one billion cars and 
light trucks in use worldwide. LMC 
Automotive, reported a world total of 
962 million for 2013, and the LMC data 
shows annual growth rates ranging 
from 2.4% to 3.6% since 2010. Growth 
was less than 1% in 2008 and 2009 
due to the recession. LMC is a firm that 

More wiring, tougher  
specifications

Three important forces of 
change in the automotive 
industry will affect the wire 
and cable industry. The first 
is a long-term trend to more 
cars on the road, mainly in the 
emerging markets. This has 
a bearing on where cars are 
made and where the wire har-
nesses are made and used. 

The second is the industry-wide impera-
tive to design lighter, more fuel-efficient 
cars. This has a bearing on conduc-
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Growth is in the emerging markets
More than half the 2013 sales of new 
cars and light trucks were in the emerg-
ing markets, according to LMC data. 
The emerging markets as a group cur-
rently has fewer than half the world’s 
vehicles-in-use. If recent trends are 
extended, however, half the world’s 
vehicles-in-use will be in emerging mar-
kets in 2019 or 2020. (Slide 1)

What are the emerging markets?
This discussion of advanced and 
emerging market uses lists from the 
World Economic Outlook, published by 
the International Monetary Fund (IMF). 
The IMF includes 36 countries in its 
list of “advanced economies” and 153 
countries in its list of “emerging mar-
ket and developing economies.” The 

advanced list includes US, Canada, 
most of W. Europe, five countries in 
E. Europe (Czech Republic, Estonia, 
Latvia, Slovak Republic, and Slovenia), 
Australia, Hong Kong, Japan, Korea, 
New Zealand, Singapore, and Taiwan. 

China has a pivotal role
In 2008, 13% of worldwide car and light 
truck sales were in China, according 
to LMC. By 2013, this percentage had 
increased to 26%. The number of new 
vehicles sold in China increased from 
9 million in 2008 to 21 million 2013. 
Even with this growth, China still has 
far fewer vehicles-in-use per capita than 
the advanced markets.

Vast potential car market in China 
According to China’s National Bureau 

of Statistics, China had 15.3 million cars 
and light trucks registered in 2003. By 
2012, the number of registrations had 
increased to 83 million. At this level, 
China had six vehicles per 100 people, 
compared with 75 in North America, 
61 in W. Europe, and 33 in E. Europe. 
China’s number of new registrations 
per year has been increasing, from 4 
million per year in 2003 to 17 million in 
2012 – a CAGR of 18%. 

Pent-up demand in some cities
China’s market for vehicles is far from 
saturated. Demand for new vehicles is 
quite strong and limited by government 
policies in several cities. In Beijing, for 
example, the municipal government 
limits the number of new vehicle re-
gistrations to help manage traffic con-
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to the emerging markets. According to 
LMC, the emerging markets account-
ed for 23% of the cars and light trucks 
produced in 2003, and this percent-
age had increased to 50% by 2013. 
With the trend continuing in 2014, the 
factories in the emerging markets will 
produce more than half the world’s 
cars and light trucks this year.

50 countries have assembly  
factories
LMC reports data on the output of 37 
car making “groups.” The largest is 
Toyota, followed by Volkswagen, GM, 
Renault-Nissan, and Hyundai. In 2013, 
these groups in total had more than 325 
factories in 47 countries. For example, 
LMC’s data for Toyota includes pro-
duction quantities for assembly plants 

in 20 countries.  Volkswagen pro-
duced cars in 22 countries, GM in 24, 
Renault-Nissan in 26, and Hyundai in 
16. These values change from year to 
year as the major groups open new 
plants and close old ones. Of the 47 
vehicle-producing countries, 19 are in 
the advanced market segment, and 28 
are in the emerging markets.

Output is growing 3% to 4%  
per year
Vehicle production, and therefore the 
demand for wire harnesses, has fol-
lowed the demand for new cars. That is, 
production is increasing in the emerging 
markets and is flat or in some cases is 
decreasing in advanced markets. From 
2003 to 2007, the number of vehicles 
produced in advanced markets had 

gestion and air pollution. In 2014, there 
are more than a million Beijing residents 
waiting for a chance to purchase a 
vehicle. Other large cities in China have 
similar quota systems. 

Global demand is rising 
The number of new registrations per 
year is increasing throughout other 
emerging markets, especially in South-
east Asia and India. In advanced mar-
kets, such as Western Europe, the 
number of new registrations is basi-
cally flat, and the number of cars in use 
is stable – changing less than 1% per 
year. (Slide 2)

Emerging markets lead in  
production  
Vehicle production already has shifted 
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year-on-year growth of less than 1%. 
During these years, annual growth in 
the emerging markets ranged from 11% 
to 18%. In the advanced markets, pro-
duction levels plummeted in 2008 and 
2009, due to the recession, but con-
tinued to show positive growth in the 
emerging-market segment. (Slide 3)

After the recession, there was a 
rebound in the advanced markets. The 
world output in terms of unit quantities 
has shown increases of 3% to 6% for 
the years after 2010. The CAGR for the 
world’s output from 2008 to 2013 was 
3.6%, which is slightly stronger than the 
2.8% CAGR from 1997 to 2007.  

China’s output surged in 2009 
In 2009, the Chinese government 

implemented plans to stimulate the 
country’s domestic auto industry. The 
plans included production targets, 
federal R&D support, subsidies for 
farmers to purchase vehicles, incen-
tives for purchasing fuel-efficient 
vehicles, and incentives for scrapping 
old vehicles. In early 2010 the gov-
ernment decided to extend the subsi-
dies and incentive programs through 
2010. (Slide 4)

India also shows fast market 
growth
India’s car and light truck production 
also has been posting double-digit 
annual growth rates for most of the 
past 10 years. Two exceptions – years 
with downturns in car sales – were 
2008, the recession, and 2013. Last 

year’s economic slowdown has been 
attributed to delays in government 
spending projects, weak regulatory 
policies, and a weakened climate for 
investors. In previous years, however, 
the automotive industry has benefited 
from government programs to stimu-
late foreign investment and to provide 
rebates for R&D expenditures. Sales 
and production of vehicles in India 
were rising again in H1 2014 and were 
expected to be above 2012 levels in 
2015.

World output of 100 million in 
2017
CRU forecasts global car and light truck 
production to increase with a CAGR of 
4.4% from 90.6 million units in 2014 to 
112.4 million in 2019. The first year with 
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country and region. Large vehicles and 
luxury models have more wire, termi-
nations, and harness assemblies. But 
this is not a major factor in the average 
amount of wiring per vehicle, in terms 
of the quantity or value, among differ-
ent countries. LMC’s data by car type 
shows that large vehicles were 3% of 
the total units produced worldwide in 
2013. SUVs and vans were 16% of the 
2013 production. (Slide 5)

production levels above 100 million will 
be 2017. By then, China, India, and the 
other emerging markets will account for 
58% of global production, and this per-
centage is expected to continue rising 
through 2020.

Wire harness consumption by 
location
The demand for automotive wiring 
tracks with automotive production by 

Basic, sub-compact, compact, and 
mid-size models accounted for 68% 
of the vehicles produced in 2013. 
Production of these models is dis-
tributed throughout all the countries 
having auto assembly plants. For 
this reason, the forecast of automo-
tive wiring demand will parallel the 
forecast of automotive production 
by country. 
(Slide 6) 
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What is a wiring harness?

Wiring harnesses are assem-
blies with multiple terminat-
ed wires clipped or bound 
together. These assemblies 
facilitate installation during 
vehicle production. They also 
are designed to use less space 
inside the car, to provide addi-
tional protection to the wire, 
and to provide secure attach-
ment points, thereby help-
ing to meet the challenges of 
vibration, friction, and other 
hazards. 

How many harnesses per vehicle?
Cars and trucks have separate har-
nesses for many on-board systems, 
including: battery and power supply, 
ignition sets, steering column, cruise 
control, anti-lock braking, indicator 
(dashboard) cluster, interior lighting, 
interior safety and security, front-end 
lights, rear lights, doors (locks and 
window controls), trailer-hitch wiring, 
and more recently, rear-camera sys-
tems, mobile and bluetooth connec-
tions, and GPS or satellite navigation 
systems. One estimate, attributed to 
wiring testing company Cirris Systems 
in Assembly magazine, is that the aver-
age number of harnesses per vehicle 
is 20.

Amount of wire and terminations
A compact or “C-class” car has 1.2 
km of wire in it, and more than 90% of 
this is 0.5 mm in diameter, or greater, 
according to a presentation at CRU’s 
2012 Wire and Cable Conference by 
Francois Schoeffler of Acome. The 
compact class has the largest quan-
tity of any segment. In 2013, auto 
makers produced 26 million compact 

cars – 30% of the year’s car and light 
truck production. This means more 
than 30 million km of insulated wire 
was used just for compact cars last 
year. 

German car manufacturer BMW says 
the power systems in its largest mod-
els can have up to 3 km of cable and 
cable systems that weigh up to 60 kg. 
In a 2013 presentation for the Electrical 
Wire Processing Technology Expo, Dr. 
Don Price, an official with Ford Motor 
Co. and the US Council For Automotive 
Research, noted that there are 1,000 
“cut leads” (wire ends) per vehicle in the 
wiring harnesses. 

Harness complexity
In addition to the large number of ter-
minations, harness designers must 
address a wide range of require-
ments for wire size, environmental 
reliability, and ease of installation, 
all while minimizing overall harness 
size, weight, and cost. Generally, 
the harnesses are designed for spe-
cific models or platforms. Of course, 
most car models can be ordered 
with optional features, or a mix of 
feature sets. This adds another level 
of complexity for the assembly plant 
– stocking, managing, and install-
ing different complex harness sets. 
Thus, harnesses also are designed 
to optimize ease-of-handling during 
the assembly process. 

Sometimes multiple functions are 
grouped together, with harness mak-
ers supplying a main-body harness, or 
other complex assemblies with many 
cables taped or wrapped together. 
Examples include the door harnesses 
or a front-end harnesses used by some 
companies.

High reliability requirements
Some of the wiring in vehicles supports 
critical safety features. For example, 
wiring for steering, braking, and engine 
controls must meet stringent reliability 
requirements, including specifications 
for temperature ranges, vibration, and 
corrosion. These requirements affect 
the conductors, terminations, and jack-
eting materials. Cars also can have as 
many 30 connectors in the systems that 
control airbags, seat position, and other 
safety restraints. 

HOW HARNESSES ARE MADE?

Harness production includes the  
following materials and processes: 

• cutting the insulated wire to  
 specified lengths

• stripping the insulation at the ends

• mounting the terminations, plugs,  
 or headers

• positioning the terminated cable   
 lengths on a board or frame

• attaching clamps, clips, or tape   
 to bind the cable lengths together  
 at the appropriate places 

• applying tubes, sleeves, or tape   
 for protection, strength, and rigidity 

• testing and certification

WIRING HARNESSES

Image courtesy of Furukawa Automotive Systems
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description of the harnesses in its cars: 
“Due to their high complexity, wiring 
harnesses are only manufactured in an 
automated process in very small runs. 
Approximately 95% of the manufactur-
ing is done by hand on so-called design 
boards.”

International trade in wiring  
harnesses
Because labour is a substantial compo-
nent of their production costs, the har-
ness manufacturers have been building 
new factories in countries with lower 
labour rates. Harness makers are build-
ing new factories as part of expansion 
programs or as part of programs to shift 
production to the lower-cost markets. 
In some cases, the need for new facto-

In this list, the third process, mount-
ing the terminations, has many steps 
and variations depending on the type 
of conductor and the type of connec-
tor. Termination processing can include 
different surface treatments for the con-
ductors, crimping, bonding, and seal-
ing, and attaching various boots, clips, 
receptacles, or housings.

Manual processing is 
unavoidable
Machines effectively can accomplish 
some of the harness processes listed 
above, such as cutting, stripping, and 
crimping. Otherwise, there is consider-
able labour involved in positioning the 
cables and attaching hardware. BMW 
offers the following observation in a 

ries is associated with new car models 
or new car assembly plants.

Mexico leads in harness exports
According to international trade data, 
11 countries exported more than US$1 
billion of vehicle wiring harnesses in 
2013. Mexico’s exports were the 
largest, at US$6.5 billion. China was 
second, with US$3.2 billion, followed 
by Romania, Vietnam, US, Morocco, 
Philippines, Germany, Poland, Nicara-
gua, and Tunisia. These top exporters 
show the role of Eastern Europe, North 
Africa, and Southeast Asia in global 
harness production. Although Ger-
many is not a low-cost labour market, 
several of the major harness compa-
nies have headquarters, design and 
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testing labs, and logistical centres in 
Germany. (Slide 7)

Role of emerging markets
In 2003 world harness exports totalled 
US$14.5 billion, with US$5.4 exported 
from countries in the advanced-market 
category and US$9.1 billion exported 
from the emerging markets. By 2013, 
world harness exports had increased 
with a CAGR of 9% to US$34.3 billion. 
The emerging markets accounted for 
most of this growth, with their exports 
rising with a CAGR of 11% to US$26.7 
billion. Exports from the advanced mar-
kets increased with a CAGR of 4% to 
US$7.6 billion.

The growth in harness exports
Note that the 10-year CAGR of 9% for 
harness exports is higher than the 4% 
CAGR of car and light truck production 
from 2003 to 2013. The harness export 
percentage is based on value in US$, 
and the vehicle production percentage 
is based on unit quantities. The harness 
export value includes the value of the 
copper conductors, and the price of 
copper increased with a CAGR of 15% 
from 2003 to 2013. 

CRU estimates the copper con-
ductor to be 15% to 20% of a wire 
harness’ total value. This means that 
the rise in copper prices is a minor con-
tributor to the difference in harness and 
vehicle growth rates. The main factor is 
the increase in the number and com-
plexity of wiring harnesses in recent 
years as more electronic features and 
electrical systems are built into cars. 

Harness exporting countries
In addition to the 11 countries with 2013 
vehicle harness exports greater than 
US$1 billion, there were 26 countries 
with harness exports between US$100 
million and US$1 billion, and another 20 
countries with exports between US$10 

million and US$100 million. Thus 57 
countries accounted for the 2013 har-
ness export total of US$34 billion.

Markets with new harness facto-
ries
Some of the countries with harness 
exports between US$10 million and 
US$100 million are relative newcom-
ers to the industry – harness produc-
tion has begun within the last two or 
three years and is ramping up sharp-
ly. Cambodia, for example, had zero 
exports until 2012, when Yazaki and 
Sumitomo Wiring Systems established 
harness factories there. Yazaki’s factory 
opened late in the year. Cambodia’s 
exports were US$17 million in 2012 and 
US$74 million in 2013, which is a 334% 
year-on-year increase. Ford Motors 
also opened a new assembly plant in 
Cambodia during 2013. 

Another newcomer is Paraguay. Fujiku-
ra opened a wiring harness plant there 
in October 2011 and expanded opera-
tions with a second plant in September 
2013. Paraguay also has a relatively 
new auto assembly plant – a Dongfeng 
and Nissan joint venture that began 
operations in 2011. Other markets that 
show substantial increases in harness 
exports in recent years include Costa 
Rica, El Salvador, Egypt, Macedonia, 
Moldova, and Serbia. 

Market shifts since the recession
Global harness exports dropped 26% 
from 2008 to 2009, and then rebound-
ed in 2010 to the exact same total as 
in 2008. Since 2010, total exports have 
increased 43% or have increased with 
a CAGR of 12%. This growth is not 
uniformly spread among the exporting 
countries and regions. Harness exports 
from Mexico increased with a CAGR of 
18% from 2010 to 2013. This percent-
age was 41% for India, 32% for Latin 
America, 16% for the Middle East, 15% 

for the ASEAN markets, 12% for Africa, 
9% for Eastern Europe, 9% for China, 
and 7% for North America. 

Exports are about 75% 
of total market 
The trade data is useful to show the 
role of low-cost labour markets in the 
world’s wiring harness industry, but 
many auto makers use harnesses made 
in the same country. For example, the 
trade data show strong harness exports 
from China, India, Indonesia, Mexico, 
Morocco, and other countries that also 
have car and truck assembly factories. 
CRU estimates that total wire harness 
consumption in 2013 was US$43 bil-
lion, including both domestic and 
imported harnesses.

Harness value per vehicle
The data on international trade is avail-
able in terms of value (US$) and weight 
(kg).  Countries such as Argentina, Can-
ada, Italy, Sweden, and the UK have car 
or truck assembly plants but no har-
ness factories. In such countries, the 
data on harness imports can be divided 
by the number of vehicles produced to 
derive the average value and weight 
of wiring harnesses per vehicle. The 
results show a range among different 
countries, reflecting the mix of different 
vehicle size and price (feature) classes 
made in each country. 

In 2013, for example, the harness 
value per vehicle ranged from US$300 
for Argentina to more than US$700 for 
some markets in W. Europe. The differ-
ence is attributed to the mix of car mod-
els produced, with countries such as 
Germany, Sweden, and the UK having 
a higher percentage of large and luxury 
class vehicles. The average harness 
value per vehicle in Italy was US$407, 
and Italy’s mix of small, mid-size, and 
large vehicles is similar to the mix for 
the world total.
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Car makers’ harness costs 
are rising
Considering the mix of vehicle types and 
the wide variation in harness imports of 
different countries, CRU has estimated 
the worldwide average harness value 
per vehicle at about US$500 in 2013. 
This value has increased with a CAGR 
of 10% from $200 in 2003. As noted 
before, the increase in copper prices 
has made a small contribution to the 
rise in harness costs, but the main fac-
tor has been the increasing number of 
terminations per vehicle. 

Harness data in tonnes 
Using the trade data on harness imports 
in tonnes, CRU has estimated the aver-
age kilograms of wiring per vehicle for 
the cars and light trucks produced 
worldwide in 2013 to be 23 kg. The 
quantities by country range from below 
10 kg per vehicle in some emerging 
markets that have a high percentage 
of basic or sub-compact models, to 
more than 25 kg per vehicle in some 

advanced markets with more large and 
luxury-class cars. 

Average harness weight per vehicle
The average was 13 kg per vehicle in 
Argentina, 18 kg in Italy, 20 kg in Japan, 
and more than 25 kg in the UK. Again, 
despite the range among vehicle class-
es and countries, there is a clear trend 
to higher kg per vehicle in all countries 
from 2003 to 2013. The world average 
was 13.5 kg per vehicle in 2003, 16.6 
in 2008, and 23.4 in 2013. The harness 
weight per vehicle includes the weight 
of the insulated wires, terminations, 
clamps, clips, cable ties, protective tub-
ing, sleeves, and tape. Conductor sizes 
can range from 0.5 mm2 to more than 
2.0 mm2, depending on the application. 

Who makes the harnesses?
The bulk of automotive wiring harness-
es are made by independent auto parts 
manufacturers and companies special-
izing in wiring harnesses. In previous 
decades, some of the large automotive 

firms owned harness-making subsid-
iaries, but these have been divested, 
in most cases to the large harness 
specialists. In most cases, the harness 
companies sell to multiple carmakers. 
The top tier of harness manufactur-
ers includes the following companies 
(in alphabetical order): Acome, Del-
phi, Draexlmaier, Fujikura, Furukawa 
Automotive Systems, Kromberg and 
Schubert, Lear, Leoni, Sumitomo Wir-
ing Systems, and Yazaki. 

These companies all have harness 
factories in multiple locations. Yazaki, 
for example, had 236,000 employ-
ees at 237 sites in 43 countries as of 
June 2014. These top-tier companies 
also have joint ventures and affiliates 
in many countries. Sometimes the JVs 
or affiliates have different company 
names. A second tier of auto harness 
makers includes Idaco, Lorom, Lumen, 
MSSL (a joint venture of Samvardhana 
Motherson Group and Sumitomo Wir-
ing Systems), Yura and many others. 

US 2012 RULING IMPOSES NEW FUEL ECONOMY STANDARDS THROUGH 2025 

ESTIMATED AVERAGE OF US CARMAKERS’ CORPORATE “FLEET-WIDE” FUEL ECONOMY 
UNDER THE AUGUST 2012 REGULATIONS

Slide 8 | Data: Joint proposal of the US National Highway Traffic Safety Administration (NHTSA) 
and the Environmental Protection Agency (EPA) 

Miles per gallon 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Passenger Cars 37.8 40.0 41.4 43.0 44.7 46.6 48.8 51.0 53.5 56.0
Light Trucks 28.8 29.4 30.0 30.6 31.2 33.3 34.9 36.6 38.5 40.3
Combined Cars & Trucks 34.1 35.3 36.4 37.5 38.8 40.9 42.9 45.0 47.3 49.6

Kilometer per liter 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Passenger Cars 16.1 17.0 17.6 18.3 19.0 19.8 20.7 21.7 22.7 23.8
Light Trucks 12.2 12.5 12.8 13.0 13.3 14.2 14.8 15.6 16.4 17.1
Combined Cars & Trucks 14.5 15.0 15.5 15.9 16.5 17.4 18.2 19.1 20.1 21.1

2016 is the Base Year - Guidelines reflex the mix of car types sold each year and are subject to re-evaluation.
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Cars need to lose weight 

Government authorit ies 
throughout the world have 
imposed regulations to limit 
emissions. In the US, these 
go back to the 1960s, when 
the guidelines were intended 
to reduce toxic emissions, 
such as lead and carbon 
monoxide. More recently, the 
regulatory authorities have 
developed standards for car-
bon dioxide and greenhouse 
gases. Federal authorities in 
many countries have adopt-
ed such standards, in some 
cases using the policies of the 
EU and the US government 
as precedents or guidelines. 
In addition, there are state, 
provincial, and municipal laws 
in effect in the US, China, and 
other countries. (Slide 8)

New regulations established by the EU 
in 2009 and by the US in 2012 incor-
porated a phase-in interval, because 
the carmakers’ cycles for making major 
changes in vehicle design can take five 
to seven years. This means that new 
restrictions on carbon dioxide will be in 
effect starting in 2017. In subsequent 
years, the limits on fuel consumption per 
km or on carbon emisisons per km will 
become more stringent. To meet these 
fuel efficiency guidelines, carmakers’ 
are focusing on several areas of R&D, 
including power train and engine func-
tions, aerodynamics and road resis-
tance, and weight-loss programs. 

More electronic features in cars
The data on international shipments 
clearly shows that harnesses have gained 
weight in recent years, in terms of the total 

weight of wiring per vehicle. This seems 
to be going in the wrong direction, rela-
tive to the fuel-efficiency requirements. 
The reason for more weight in the wir-
ing harness is that the increased number 
of electronic controls and features have 
resulted in more wire and more termi-
nations per vehicle.  This also results in 
more complex harnesses, having more 
sleeves, clips and other hardware. 
Bishop and Associates, a firm that tracks 
the connector industry, has reported 
that consumption of connectors in auto-
mobiles is increasing at rates faster than 
automotive production. Bishop says the 
2013 demand for connectors in passen-
ger cars was up 7.5% from 2012, and 
Bishop has forecast the 2014 connector 
demand to be up another 8.8%. These 
growth rates, based on connector quan-
tities, are more than twice those of car 
and light truck production. 

Electronic controls and 
fuel efficiency
Some of a car’s electronic systems con-
tribute directly to better fuel efficiency, 
particularly those involving fuel mix, fuel 
injection, ignition, and throttle control.  
New technologies, such as engine stop-
start systems, regenerative braking, and 
electronic valve control, will involve more 
sensors, controllers, and actuators but 
also will lower fuel consumption. Fea-
tures that connect cars to the Internet 
also might make positive contributions 
to fuel economy by avoiding traffic jams, 
finding parking spaces, automating toll 
collection, etc. Thus it is not the case 
that more weight in the harness is entire-
ly in opposition to fuel efficiency.

Reducing copper to reduce weight 
One avenue under development for low-
er weight is a shift away from all-copper 
conductors. This includes development 

of aluminium cables as well as work on 
copper-clad-aluminium and copper-clad-
steel alternatives. The weight reduction 
achieved by using aluminium wires has 
been estimated at several kilograms per 
vehicle. Although this does not seem 
large when a vehicle’s overall weight is 
on the order of 1,000 kg, carmakers are 
working to reduce weight in every system 
and component of their vehicles.

Aluminium in use for decades
Work on alternative conductors goes 
back at least 45 years. From 1969 to 
1985, Delphi shipped 35,000 km of bat-
tery cable with copper-clad aluminium 
conductor. From 1974 to 1989, Delphi 
shipped 900,000 km of solid-core alu-
minium battery cable. Currently, alumin-
ium battery cables are in use by sev-
eral automakers throughout the world. 
In 2010, Toyota began using stranded 
aluminium conductors in the door har-
nesses of some models.

R&D on aluminium wire 
terminations
Aluminium offers lower weight, lower pric-
es, and less price volatility than copper. 
Aluminium also has lower conductivity, 
so aluminium wires must be larger than 
copper wires for the same power ratings. 
Even with the necessary increase in wire 

MORE FEATURES BUT …

Aluminium conductors require new 
terminations and crimp processes

Image courtesy of Furukawa Automotive Systems
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gauge, aluminium can provide a 40% to 
60% decrease in mass for some cable 
applications. Aluminium also requires dif-
ferent termination technology, to address 
problems of oxidation, galvanic corro-
sion, lower flexibility and tensile strength, 
higher thermal expansion, and deforma-
tion with aging, or “creep.”

In recent years, the world’s major har-
ness makers and connector compa-
nies have developed new devices and 
processes for terminating aluminium 
wiring. The hurdles to be overcome in 
termination and crimping result from 
oxidation or corrosion, and from the 
tendency of aluminium to deform and 
possibly elongate or “creep” over time. 
This phenomenon can cause the wire to 
retract from a termination and cause the 
electrical connection to fail. One area of 
innovation has been new shapes, con-
tours, and surface finishes in the crimp 

hardware. Other developments include 
sealants and other surface treatments 
plus work on different aluminium alloys.

Standards groups’ work on alu-
minium
To minimize problems with different car 
makers specifying wires of different siz-
es, the ISO has developed standards for 
automotive cables. In recent years, this 
work has included aluminium conduc-
tors. The new ISO 6722-2:2013 standard 
specifies the dimensions, performance 
characteristics, and test procedures for 
aluminium cables to be used in vehicles.

Engine alternatives affect wiring
For automakers, a higher percentage of 
electric vehicles (EVs) and diesel-pow-
ered vehicles among their shipments 
will help them meet the fuel economy 
requirements. Both approaches will 
affect the type and quantity of wires and 

cable consumed in the auto industry. 
Electrical vehicles will require higher-
voltage cables, plus different engine sen-
sor and control systems. Diesel engines 
use compression rather than spark  
ignition, which means they operate  
without ignition coils and spark wires. 

The wires used for ignition sets and bat-
tery cables have larger conductors and 
heavier insulation than other wiring har-
nesses used throughout the vehicles. 
Ignition wires are designed to withstand 
higher temperatures in the engine com-
partment, with short lengths between 
the coil and the cylinder heads. The 
ignition wire market will decrease with 
increased production of both diesel and 
electrical vehicles. (Slide 9)

EV and HV quantities are low
From 2003 to 2013, the world’s auto-
makers produced about 800 million 
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OVER 10 YEARS, 1% OF CARS AND LIGHT TRUCKS PRODUCED 
WORLDWIDE WERE HYBRID OR EVS

Slide 9 | Data: LMC Automotive

EV = electric vehicle  /  IC = internal combustion  /  LPG = liquid propane gas
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MULTI-YEAR 
GENERATIONS
No surprises in car features

Given the multi-year cycle to design and 
implement new car models or platforms, 
there will be no sudden shifts in car features 
and wiring requirements. The harness mak-
ers are working on future models in step 
with the car companies, so increased use of 
aluminium and other changes in the wiring 
harness will be rolling out in future models. 
The following is a general timetable of fac-
tors that will affect vehicle design:

Trends affecting current vehicle design
(i.e., cars sold in the next five years):

• consumer requirements for increased  
 efficiency, lower fuel costs

• government requirements for lower  
 carbon output

• increasing use of Internet data via cellular  
 networks – “the connected car” concept

• more entertainment, climate-control,  
 and safety features, with minimal effect  
 on vehicle price 

Trends affecting the next generation
(i.e., cars sold after 2020)

• on-going fuel efficiency and carbon  
 targets, as above

• targets for greater electric vehicle (EV)  
 penetration, lower purchase and  
 operating costs, ease of use, and more  
 convenient recharging

• improvements in battery, fuel-cell, and  
 drive train technologies

• urbanization and economic growth –  
 more city residents using vehicles

• new vehicle sharing and ownership  
 concepts to address issues of  
 congestion, parking, etc.

Trends affecting future generations:

• self-driving – driverless or partially  
 autonomous vehicles

• safety, convenience, and feature  
 requirements spread through more  
 models and throughout geographic  
 markets (i.e., less difference between  
 low-end and mid-range vehicles, and less  
 differentiation between cars manufactured  
 for advanced and emerging economies

cars and light trucks. Of these 8.9 mil-
lion were hybrid vehicles, having both 
battery and combustion drive trains, 
and 0.3 million were electrical vehicles, 
having only electric motors. (This data 
is from LMC Automotive.) This means 
that less than 1% of the vehicles in 10 
years were EVs or HVs. Most of the EV 
and HV production occurred in the last 
three years, so the production quantity 
in these classes is growing faster than 
the production of combustion vehicles. 

For the near term, it appears that use 
of diesel engines will achieve the largest 
steps toward fuel efficiency targets in 
Europe. China’s government is promot-
ing EV production and usage, and the 
US car makers are pursuing both elec-
tric and combustion approaches. For 
the fuel-efficiency targets through the 
next five years, it appears that car mak-
ers will focus on hybrid power trains and 
improved combustion engines. Beyond 
that, ongoing work on battery technolo-
gy and re-charging infrastructure could 
contribute to greater EV penetration.

Datacom, entertainment and more
Engine wiring and controls are only part 
of the changes affecting harness mak-
ers. Electronic features for passenger 
comfort, safety, and communications 
have been significant contributors to the 
demand for more wiring, and this trend 
is continuing without a slowdown. A 
near-term proposition is the “connected 
car.” This refers the use of on-board 
mobile-network interfaces that will allow 
the vehicle to send and receive infor-
mation about its operating functions, 
location, road conditions, maintenance 
requirements, and other data. The con-
nections will also support the passen-
gers’ phone or Internet device usage. 
Carmakers have been working with the 
mobile-cellular network operators to 
develop these features, and cars with 
embedded SIM cards (cellular network 
modules) are in production. 

The ultimate connected car: driverless
A more radical and long-term area of 
development is the self-driving car. 
Audi, BMW, Google, Mercedes, and 
other companies already have run tri-
als with prototypes on roadways or 
tracks. This concept relies on arrays 
of on-board sensors, cameras, radar, 
lidar (light detection and ranging) and 
processors, plus a range of data inputs 
from other vehicles, and external infor-
mation sources, including signs, road-
way, and parking infrastructure, etc. In 
the past two years, a great deal has 
been said or written about the feasibil-
ity and outlook for driverless cars, but 
there’s not much detail on the wiring 
systems to support all the sensors and 
controllers. When driverless or partially 
autonomous vehicles enter production, 
reliability will be a key requirement for 
the on-board power and communica-
tions networks.

Standards for on-board datacom 
There currently are both de facto 
and committee-based standards for 
vehicular datacom networks. A two-
wire bus network called Controller 
Area Network (CAN) has been used by 
many carmakers since the 1990s. This 
network supports sensor, controller, 
and actuator systems. More recently, 
the Media Oriented Systems Trans-
port (MOST) network has been used 
for entertainment and other passen-
ger-controlled functions. MOST is a 
consortium-developed standard, and 
there are variants for twisted pair and 
plastic fibre. 

In 2012, the IEEE established a task 
force under its 802.3 Ethernet commit-
tee hierarchy to standardize technology 
for 1-Gbps communication over a sin-
gle twisted pair. Another IEEE task force 
is working on the delivery of power over 
a single twisted pair. These standards 
might also support the sensor networks 
in driverless cars. 
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