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Mobile Air Conditioning

CARLOANDREA MALVICINO

Today Mobile Air Conditioning
(MAC) system are commonplace,
being considered to be an
essential feature of all vehicles in
many countries, particularly in the
western countries, while diffusion
is also rapidly increasing in almost
all markets across the globe. Such
systems are considered important,
not only as regards overall comfort
and well-being, but also in terms of
contributing in a significant way to
vehicle safety by enhancing
visibility and reducing the driver
fatigue threshold.

Nowadays up to 70% of passenger
cars and light commercial vehicles
worldwide are equipped with a
MAC and penetration is expected
to raise up to the 80% before the
2010 due to the forecasted
increase in demand for vehicles
particularly in Eastern Europe,
Asia and South America [1] and
the required improvement in safety
and comfort. This means that more
than 640 millions of cars and light
commercial vehicles should be
equipped with an air conditioning
by 2010.
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MAC systems are based on a sub-crit-
ical vapour compression cycle: a
refrigerant fluid - normally a HFC gas
- is compressed up to 15 bar, then
cooled and condensed with the ambi-
ent air and undergoes to a pressure
drop through an expansion device.
Then the fluid evaporates cooling the
air to be newly compressed. The
refrigerant commonly used is the HFC
1344, it has a GWP (Global Warming
Potential) of 1300 times the Carbon
Dioxide (CO,), that has a GWP of 1,
and no effect on the ozone layer; the
R134a replaced CFC fluids that have
a high depletion effect on the ozone
layer.

The reduction of greenhouse gas
emissions by 8 % compared to 1990
within the EU countries agreed in the
Kyoto Protocol corresponds to a
reduction of more than 300 million
tons CO2-equivalent, and this will
require an intense effort: MAC system
could play a significant role being
responsible for Global Warming contri-
bution both indirectly due to additional
fuel consumption and directly through
refrigerant emissions via leakage.

On the basis of the studies carried out
both by the Ecole de Mines de Paris
and by the CRF in a joint project [2, 3]
and by other organisations [4], 0.8
I/100 km represents a rough estima-
tion of the annual average fuel con-
sumption due to the presence of the
air conditioning system, a figure which
varies depending on average climate
conditions, as might be expected.
Considering an average travelled dis-
tance of about 20,000 kilometres per

year, the impact of the MAC systems
on the world fuel consumption can be
estimated to be approximately 75 mil-
lions of tons of fuel equivalent to 175
millions of tons of CO, and represent-
ing around 3.5% of the world CO,
emission from road transport, estimat-
ed to be 5 billions of tons of CO, [5].
Instead studies carried out by Sintef
[6] , Armines [7], Jama [8] and Dupont
[9] indicated that the average annual
emission of HFC is approximately
100g per vehicle. This leads to a glob-
al annual emission of about 85 mil-
lions of tons of CO2 equivalent
(68,000 tons of HFC).
Correspondingly the present MAC
technology, projected to 2010, could
be responsible of Green House
Emissions of about 270 millions of ton
of CO, or equivalent gases.

As a consequence of the public opin-
ion, high sensitivity regarding environ-
mental issues and the Kyoto protocol,
the E.U. has adopted a policy which
promotes the reduction of the environ-
mental impact of MAC systems result-
ing in a decision to ban the HFC refrig-
erants for mobile applications starting
from the 2011 and to limit the HFC
annual emission to 40 g per vehicle
from 2007.

Europe’s position has been strongly
influenced by the research movement
started by Gustav Lorentzen [10] in
late 80s’ and focused to demonstrate
that natural refrigerants could replace
the synthetic ones while guaranteeing
acceptable performance and eliminat-
ing all negative effects on the environ-
ment. The research, which was mainly
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conducted in Europe [11], identified
Carbon Dioxide (COs), labelled R-744
when used as refrigerant, as the most
favourite candidate to replace the
HFC. CO, has long been used as a
refrigerant, is a well-know fluid, and is
the greenhouse gas with unity global
warming potential.

Now, components and parts for R-744
systems are available and the major
suppliers are ready to go in produc-
tion; however, despite the significant
R&D efforts addressing the on-board
system efficiency, the cost (particular-
ly for small cars) and operational safe-
ty are still open issues. This scenario
could change, in case other world
regions will join Europe in its way to
apply R-744 MAC systems.

Several activities are on-going which
focus on these issues including the B-
COOL project [12], partly funded in
part by the E.U., which aims to devel-
op a R-744 low cost system with high

Thermal Manikin used to measure
the Operative Temperature and the
thermal comfort level. The manikin is
produced under CRF licence by
SixTau.

efficiency for segment A and B (com-
pact and sub compact) cars: within the
project a Fiat Panda and a Ford Ka will
be equipped with the system.

A second viable alternative is repre-
sented by the use of HFC 152 that has
a GWP of 130 but is slightly flammable
and a major decomposition product is
HF. This solution has been deeply
examined by U.S. companies demon-
strating that a safe use of this refriger-
ant can be achieved with the adoption
of specific safety devices or of indirect
expansion architecture. This last guar-
antees other advantages in terms of
fuel efficiency and being particularly

tion associated to the MAC system.
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The modified NEDC cycle adopted for the procedure to assess the fuel consump-

suitable for vehicle having hybrid or
stop & start power train [13]. This fea-
ture is not dependent on the refriger-
ant choice, however, this aspect could
be very important in case of a broad
diffusion of this type of power train that
requires special system able to guar-
antee the thermal comfort when the
thermal engine is off.

Recently, large chemical companies
proposed other HFC fluids with very
low GWP [14]. These fluids are not a
no real “drop in” solution and their
major drawback is that, at present, are
considered toxic and with a certain
level of chemical instability. R&D activ-
ity is progressing rapidly but these flu-
ids could not be considered a viable
solution: even if the toxicity will be re
evaluated will remain the risk of a neg-
ative campaign that could affect end
user purchasing decision having an
impact on car sales that will favorise
the car manufacturers adopting the
R-744 MAC systems.

Beside the European policy and
research activity mainly oriented to the
replacement of GHG gases so to elim-
inate the direct greenhouse effect of
the MAC, other initiatives have been
launched to promote the development
of more efficient and tight MAC sys-
tems. An American Chemical
Company and the US EPA launched
the I-MAC [9] cooperative action aim-

ing to develop to and diffuse technical
solutions able improve the MAC effi-
ciency of about the 30% and to reduce
of up the 50% the HFC refrigerant
emissions. The initiative had a very
broad international support and gath-
ers the major part of U.S., European
and Japanese organisations.

Finally, UNEP under the sponsorship
of U.S. EPA, launched in the 2006 the
initiative named EcoMAC devoted to
the development of an high efficiency
MAC system based on HFC fluid for
small cars.

The project has the role to increase
the sensitivity towards the MAC fuel
efficiency, contributing to promote reg-
ulations and other measures aimed to
incentivate the adoption of energy and
fuel saving systems so to avoid the
risk of an even sharper increase of
fossil fuel consumption. The EcoMAC
relevance is even more important in
perspective of the rapid diffusion of
cars and MAC in the developing coun-
tries, where regulations are under dis-
cussion and evaluation.

EcoMAC, coordinated by the Fiat
Research Center, is focused to the
development of an high efficiency
mobile air conditioning system for a
small car. A Fiat Panda prototype will
be realised and tested.

The technical activity will be carried
out in parallel with the definition of a
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