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Samuele Da Ros, product manager of advanced refrigeration systems for EPTA
Group examines the advantages of carbon dioxide and its use in modern systems

A commercial break for GO,

IT IS ten years since EFTA began
developing its COybased systems,
coinciding with the phase out of
environmentally impacting refrigerants, Al
that tme no ranscnucal equipment was
available and the namral move was po start
installing small cascade units to cool
froeen food cabinets, They were derived
{especially the compressors) from R40-4A
units with the necessary modifications,

At present there are a number of
options available (o replace fluorocarbon
refrigerants with OOy, However, owing o
its wery high pressures (up w and above
10ibar) different solutions have been
developed wo cope with different
applications. There are currently four
meain options: two for high temperature
applications and owo for lower
temperature applicitions.

Irs the first category are transcritical
systemns and pumped COy systems, in the
latter there are cascade and booster
systems {only possible in combination with
a transcritical system ), In the HT swstems,
it has wo be acknowledged that each of the
above-mentioned systems carries both
ardvantages and disadvantages.

High pressures

D 1 the high working pressures and the
thermedynamic properties of the
vefrigerant, transcritical systems mean
higher capital costs,

In recent developments pressure
requlations have been introduced to limit
the pressure level intoe the |i-::|’u;|:i receiver
and hence into the liquid runs, This is not
the only piece of legislation in this
instanee, par doees any sor of standard
apply 1o the set pressure level, The most
likely value seems (o converge toward
45bar which allows the use of copper
pipework in most installations. All other
systems need liguid ines made with steel.
The higher complexity and costs of the
compresaor packs are raded off by lower
total system installation costs,

Ihe eficiency of ranscritical CO)y is not
as good as R404A systems at higher
ambients. On the other hand, ranscritical
OO systems can be operated with
extremely low condensing remperatires
(these systems go transcritical only when
the external temperature exceeds 20°C),
As a result, seasonal efficiency in such
countries as the UK, is comparable to that
of HFC-based installations. In wruth i is
very likely a system installed in the UK wall
run subecritical more than 90% of the
time.
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Pumped COy technology overcomaes the
constraint of cool climate conditions of
the installation site to achieve high
cfficiency performances. COg used as a
secondary coolant requires very low
pumping energy compared o the cooling
capacity of the plam. Even il this
techinology enables a dramatic reduetion
af the total amount of HFC refrigerant in
a store, it his 1o be said that the
refrigerant flowing back from the cabines
has to be condensed before being
pumped again o the sales area.

As a matier of fact, in most cases, this
couling cffect is carmied out by an HFC
swstem (unless ammonia or hydrocarbons
are used). In terms of operating costs this
is & o] solution because the losses
related 1o the internal heat exchange
(herween COy and the primary
refrigerant) al 1o the pumps is offzet by
the: increased efficiency of the flooded
evaporators compared 1o the standard dry
{'xlxr“ﬂh:l'l:l Orees,

COy pumps and condensers are
required but the pipework can be reduced
and only basic cabinet controls are
needed. Even for this techmology there is
not an established standard bt most of
the installations seem to be designed for
maximum working pressure of A0bar and
COPpEr pipes,

Luw temperature applications have
proven o be the most successful for GOy
Hundreds of cascade svstems have boen
installed over the last few years and is seen
as a fast growing niche marker.

As pumped COy, cascade systems need a
primary coolant, analysis of costs and

henefits must include both the HT and
the LT systems,

Fxperience from real installations shows
efficicncy can be improved by up o 10%
anl the carbon fooiprint of the store,
measured through the TEW index, can
b lowered by up to 30%., Capital costs are
eomparable 1o a standard, all-HFC,
installation. The complete plant has o he
considered as, for instance, the HT pack
capacity has o be increased o inclode the
heat extraction rate needed w condense
the OO on the LT circuit

Booster systems represent the latest
development in the feld of all-COy
systermns, Previously, mainly cascade packs
{in combination with a transerntical HT
one) or double stage COy compressons
packs were used.

Discharge from low temperature
compressors is directly connected o the
suction line of the HT ones. There isa
common liquid receiver and no need for
internal heat exchangers as in cascade
systems, The installation is made up ofa
u.niqun:' circuit and some care has 1o be
paied o oil management as well as the
temperature at the [T compresior inler.
At present this arrangement provides the
best aption in wrms of efficiency and
capital cost optimisation of i complee
Oy system,

Cascade and hooster systems are
ypically designed for 25bar maximum
operating presure into the suction line
and 40-45bar into the discharge line
|’i_|:|_-we|:| k is usually made with copper.
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