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Limitations on halocarbon refrigerants trigger the question: why not ammonia?

Use of ammonia in civil air-conditioning applications

by Alessandro Sandelewski
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Ammonia is an inorganic
compound, produced natu-
rally by living organisms
(man, domestic animals,
plants), and manufactured
industrially prevalently as a

fertilizer in agriculture. It is
also used for the preparation
of explosives such as TNT
and nitroglycerin, as an alka-
line acid neutralizingagent in
liquid effluent treatment

plants, and as an essential
component in nitrogen and
sulphur oxide abatement in
large thermo-electrical
power plants and industrial
systems. Of the 100 million
tomnes of ammonia produced
annually, 80%is used in agri-
culture, 18% in the industry
and only 2% as a refrigerant.
The use of ammonia as a
refrigerant in mechanical
compression systems started
to be considered towards the
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larly in the case of Small and Medinm Enter-
prises (SMEs), because they typically suffer
from a scarcity of financial, human and tech-
nological resources. However, there is
increasing pressure to reach new markets,
offer new products and services and imple-
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THE NETWORKED COMPANY: more effectively. When sub- % mula has proved successful
A GREAT OPPORTUNITY contractors work very closely ially for b2c (busi
FOR SMALL ENTERPRISES with their clients and have the to-consumer) activities, as

continved from puge |

ment technologies or orga-
nizational changes that
show up the inadequacy of
the traditional short sighted,
centralised and self-suffi-
cient management approach
within SMEs.

SMEs are, however, often
led by entrepreneurs with
quick and intuitive minds,
able to read the market and
grasp new opportunities.
The biggest change they
have to cope with is the fact
that the world is more and
more intercomected and it
is therefore no longer possi-
bleto work in isolation. It is
therefore necessary to
develop their ability to

required or advisable, it is
useful for the individual
enterprise to consider some
kind of cooperation with
other companies.

TLORF 0 20 T abe

There are, of course, many
forms of cooperation. Some
are very loose and do not
involve equity exchange or
significant investments, and
are usually narrowin scope or
short in duration. Others, e.g.
mergersand acquisitions, can
‘bevery bindingorimply tight
and defailed contracts.

Itis certainly not easy to find
the right kind of cooperation
- many factors have to be

capability to get involved in
the development and
design of new solutions,
it is possible to define
their relationship as
Ui L,
However, this is a
relatively simple
form of collabora-
tion. A slightly more
complex form is
Jrgadiging, ie. for-
malpermission given
by a frxackizer to
another party, called
Jraxackiswe, to sell
goods and services
under certain conditions
and control. In other words,
the franchisee, in addition to
the goods to be sold, enjoys
the brand and support of the
franchisor, for a fee. This for-

customers benefit from the
‘brand, image and consisten-
cy, while enabling the
franchisor to increase
sales points and the fran-
chisee, making use of a
valid business idea
without having to
develop it on its own.
| Ticensing is an agree-
ment to transfer the
right of exploitation of
a patent, trademark or
other kind of expertise
! for a specified period
and area. If the trans-
ferred technology is still
up-to-date, thisisa viable
option forthesellerto eamn
money without additional
investment, and for the
buyer to acquire validated
know-how without bearing

anticipate and react quickly. the cost of development.
Technological innovation  Table 1 - Forms of cooperation among enterprises Other forms of collaboration
and globalisation are the - - - are particular contracts
strong forces continuously .Cl;yupt::lfrci - gbjeﬂ ds/services from gzlr? r!nedium m:::q:am risks %ﬁm supplier through which products or
Ieshapl{lg the mLarkEt Many Subcmu:cgﬁng s;l)leng:loised suppliers term management PP servx'c;s‘ar‘e exchangefi}m der
sectors ured, Sopos- Licensing, Franchising  Transfer of technology, use of ~ Fixed, renewable  Acquisition of image, Costs and costraints pr lished conditions -
sibilities of growth are trademark, goods of senices technologies of contracts one can therefore place sev-
decreasing, In the consumer and know-how eral orders during the year
products sector, large distri- Contracts Buy products/services under  Medium tem Flexibility Price volatility, narrow scope without having to negotiate
‘bution networks are using pre-established conditions every time. These are very
tmmigtopupemme | EpToR (gieetamngpes o Spojed  Dhmimouiom | e o rding coom
ppdu(‘crs in terms of mar- of aparticular project and r;m;;wrces lack of u'usnt?limited duration ties or raw mmterials, where
ginsandmarket share. Insev- Strategic alliance, EEIG  Agreementamong patners  Flexible Access to new markets  Operational and orgarisational orders are recurrent - often
eral industries, the arrival of for the development of a without heawy efforts  complexity requires skilful the only variable to agree
Asian competitors has added particular product/market management each time is price.
to price pressure on Euro- Partidipation inequity ~ Share exchange, Long term Acquisition of know-how  Integration may be difficult, Aconyoriium (or atemporary
pean and American firms. merger and acquisition and market shares risk of choking key success association of enterprises) is
In addition, purchasing man- ehtfamrs_(f the cantralied the usual agreement among
" erprlise .
agers are more skilled qnd Joint-venture New company owned Long term Complementarity of Diversity in stakeholders partners for th? ‘"’le’?‘a'
competent than ever, forcing and controlled by the partners expertise, specialised  interests, cultural conflicts, tion of a particular project
suppliers to lower prices. As managers high costs (from the preparation of the
aresult, if the company is too Source: adapted fom Tidd, Bessant and Pavitt bid to the delivery of the
small or isolated, its bargai completed work). It may
ing power may be too week
tokeep it profitable. considered. However, we .
Withinvestments ininnova-  shall try to give our contri- f f f .
vmemesnmon, e oseeront A framework for cooperation among firms:
their risk growing propor-  with a description of some
tionally, it is only the larger ~ typical models and their

entities that can bear the
weight. Sharing the risks
(and the rewards) is a wise
strategy for inmovation and
investment.

Timing is another key issue.
To be part of an alliance can
mean the difference
between survival and fail-
ure, and in a market where
many are searching for good
opportunities, it’s the
proverbial “early bird who
catches the worm”.

For all thesereasons, from a
strategic and organizational
point of view, enterprise
networks are a good answer
to globalisation and techno-
logical innovation. As dis-
covered by a recent study
conducted in 1,600 manu-
facturing companies by the
Fraunhofer Institute - ISI
(based in Frankfurt, Ger-
many), firms operating in
partnership with others gen-
erate 14% more addedvalue
per employee than compa-
nies that are completely
independent. When the
market requires flexibility
and low costs, forcing
economies of scale; when
there is a need of capital for
large or risky investment, or
tight integration (techno-
logical or organizational), is

main features (see Tab. 1).
The easiest and one of the
most common forms of
cooperation is s Az
iRE OF wrdrrrnine, ie. the
externalisation of some of
the activities or processes
previously executed inter-
nally. Outsourcing is grow-
ing, companies have realised
that in order to compete they
need to concentrate on their
core capabilities (which are
usually not too many), and
acquire others externally. In
this way, they can keep
abreast of the latest tech-
nologies or changes in the
market, whilebuying in from
specialised firms as and
when required, instead of
maintaining expensive
resources internally.
Ttispossibletooutsource both
primary and support process-
es, where the former add
vahie for the customer (e.g.
procurement, sales and pro-
duction) while the latter are
ancillary to operations (i.e.
administration, facility man-
agement...). Nowadays,
there are suppliers specialis-
ing in sub-components, main-
tenance, management of
information systems, catering
or whatever can assist their
clients to cut costs and work

The European Economic Interest Grouping

‘We take the opportunity to
interview Mr. Gennaro
Aprea, an expert of inter-
national alliances and co-
author of a recent book on
the topic, with particular
reference to Small and
Medium Enterprises.

Q. M. Aprea, what is the
Luropean Kcopomic
Inlerest Grouping (EEIG)
and what are its origins?

A. In the last twenty years
or so the process of inter-
nationalisation first and
then globalisation has
involved enterprises of all
sizes (especially thanks to
the birth of a European
Common Market). How-
ever, large firms could
afford direct investments
abroad, while othershad to
find and establish relation-
ships without clear juridi-
cal tools. Therefore in
1985, based on the concept
of the French GIE
(Groupement d’Interét
Economique), the Euro-
pean Council issued aReg-
ulation instituting the
EEIG and its characteris-

tics. The aim was to provide
a legal framework for coop-
eration among European
companies or individuals,
and so far this is the only
trans-national instrument of
its kind.

Q.What are the advantages
of the ELEIG?

Above all flexibility: EEIGs
are open to private and pub-
lic companies, individuals
and other bodies like Uni-
versities or Associations.
The only limitation is that
members shall be at least two
and belong to a minimum
two different EU countries.
However, their activities
mustnot be limited to the EU
market. Wherever there is a
need to develop or facilitate
business, members of an
EEIG put together their
resources and can present
themselves as one entity.
Besides the obvious syner-
gies, there is the possibility
to tender for EU projects and
other public bids with a
greater and stronger struc-
ture, thus increasing the
chances of success. More-
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over, it is possible to apply
for loans and other forms of
financing and get better con-
ditions, because the network
of members isa guarantee of
solidity.

Q. Which are the most
appropriate conditions?

Anottoo big group of SMEs
with a clear identification of
scope and a significant
mutual trust would be the
ideal set to start with. Mem-
‘bers take advantage of their
partners in terms of organi-
zational structure, capabili-
ties, direct presence in other
markets or segments, inte-
gration of products and ser-
vices, not to mention the

opportunity of leaming from
each other. Particulary suit-
ed are professional services -
lawyers, engineers, tax con-
sultants can establish an
EEIG to serve their cus-
tomers all over Europe. In
this way, even an individual
can provide services to a
multi-national company
thanks to its network, but
there are also examples of
EEIG involving large air-
craft companies.

1lowmany LEIG have been
regisiered so far?

Despite the relatively short
history of this kind of instru-
ment, there have been a thou-
sand EEIG registered in
Europe, and more than 900
still operating. A quarter of
them are based in Belgium
(because of the presence of
institutional bodies in Brus-
sels), almost 200 hundred in
France and more than 100 in
the UK. In other countries
such as Italy (less than 50),
Greece (8), or Sweden (7),
this instrument has apparent-
ly been less popular, but we
have to consider that the
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entail a significant coopera-
tion, but it is fairly rigid and
the partnership ends with the
completion of the project.
Similar agreements might be
created to provide servicesto
the members or to support
them in the purchase or in
sale of their products.

‘When a group of enterprises
forms a new company and
controlsit, this is called av-u
Lmirae g inteArsa (thereare
also vtz joint ven-
tures, that do notimply anew
firm) - a fairly demanding
formofcollaborationthatcan
‘be advisable or compulsory if
one wishes to establish man-
ufacturing facilities in partic-
ularlocations, such as China
or Eastern Europe. In this
case, the existence of a local
partner, often a public body,
with its knowledge of local
culture and mechanisms,
simplifies all activities, from
administration to the recruit-
ment of personnel. Hence,
the other partner can concen-
trate on the areas in which is
stronger, i.e. technology and
finance. Joint ventures are a
good way to enter new mar-
kets, although they can be
difficult to manage due to the
cultural and strategic differ-
ences between partners.

A further form of collabora-
tion is the exchange of shares
or, more extremely, the total
or partial acquisition of a
company by another compa-
ny. When there is a maip=r
‘between companies, onlyone
of them continues with its
business. A major driving
force for these changes has
‘been the willingness to inte-

EEIG can be located inde-
pendently from the nation-
ality of its members. That
means that usually they are
established where they are
‘betterknown and the admin-
istrative burden is lower, i.e.
in relatively less bureaucrat-
ic countries.

What arc usually the risks
and bencfits of an LEIG?

As costs of founding and
managing an EEIG are very
low (often less than the costs
for a limited company reg-
istered in a single country),
risks are relatively small.
Nevertheless a real risk of
the EEIG is the joint and
several liability of the mem-
bers, although only for the
obligations rising from the
activity of the Grouping
(similarly to the liability of
an individual businessman,
i.e. a “sole trader”, or a
“societd di persone” in
Italy). However, itis always
possible to enter info and to
leave a Grouping. The ben-
efits are that with a modest
investment in capital and
time, it is possible to
become part of a stable
international network of
firms recognised by the EU
institutions, while maintain-
ing complete autonomy and
independence and, whenev-
er necessary, taking advan-

grate vertically (ie. a firm
with its supplier or with its
customer) or horizontally
(i.e. mergers between firms
with similar products), in
search of improved perfor-
mance oreconomies of scale.

{ Frerla for partrerdirs
Although some scholars only
consider formal formsofcol-
laboration to be sirxizgic
¥ Mixacas, we consider all
types of cooperation with a
strategic scope as an alliance,
aware that sooner or later,
some formal agreement will
be written. A very flexible
legal framework is the Euro-
pean Economic Interest
Grouping, particularly suit-
ed to SMEs and profession-
als (see box).

Despite strong competition
and rivalry, cooperation
amongst firms has grown
rapidlyinthe lasttwoorthree
decades, as alliances have
proliferated in one sector
after another. Indeed, collab-
orationhas creatednew types
of competitors and generated
new forms of rivalry, which
now often exists between
sets of allied firms, rather
than between single firms.
This is particularly true in
complex businesses undergo-
ing rapid change and where
collective competition domi-
nates an industry, such as
Information and Comnmmni-
cation Technologies (ICT)
and aircraft manufacturing.
However, other industrial
sectors have seen a prolifera-
tion of alliances in recent
decades (e.g. the networks of
companies working in the

tage of the flexibility and
strength achieved by a
group of well-chosen part-
ners.

What things should he
given careful considera-
tion?

Asthelife ofanEEIGisreg-
ulated by a contract among
members, the first thing to
carefully consider is the
strategic reason for getting
involved in a structured
cooperation, and this must
be clearly described in the
articles of the formal agree-
ment relating to the
“scope”. Then, a careful
choice of partners and man-
agers must be made (the
role of the latter is general-
ly to take care of adminis-
trative matters and to keep
internal communications
flowing); the expertise of a
lobbyist if EU projects are
the target; and, of course, a
good and experienced con-
sultant to help set up the
Groupingand writethecon-
tract, andthe manual of pro-
cedures necessary to ruleit.

Mr. Aprew (aprea@gac-
consultner.com) is the prin-
cipal of G.AL&A. Lrd
(vww.gaa-consultnet.com),
a strulegic consultancey
which is alse member of an
LLAG specialising inprofes-
sitmal services.

www.reedbusiness.it

Ttalian industrial areas, the so
called “Third Italy”), as have
the service sectors (especially
finance). Alliances alterrival-
ry in two ways: they create
new units of competition that
supersede firms, and intro-
duce new patterns of compe-
tition, in which collaboration
inside economic units affects
their market behaviour.
Alliances also affect the way
business strategies are
approached. A constellation
(the organization created by
an alliance) must organize
itself internally so as to max-
imize the benefits of collab-
oration, while minimizing
conflicts amongits members
Itmay be usefiil to infroduce
some criteria to help man-
agers and entrepreneurs
understand when search for
some form of partnership: as
demonstrated in the matrix of
Fig. 1, when a product/ser-
viceis easily identifiable and
quite common, spot transac-

air

COMPLENTTY

SPRCTFICITY

Fig. 1 - Criteria for co-operation

tions or open contracts are
acceptable. At the other end
of the scale, for very specific
and difficult-to-define
goods, hierarchical arrange-
ments like mergers or acqui-
sitions are often the best
option. In between, there is

%1. e
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coenditioning
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room for any form of part-
nership we have seen so far.
In this case, other criteria
such as management com-
plexity and strategic rele-
vance of the traded goods
have to taken into account to
select a suitable solution.

TLorwr 0 Taks W vk

Atthe day-to-day level, part-
nerships usually involve
more articulated interactions
between companies: the
exchange of information and
goods becomes more fre-
quent and rapid. New soft-
ware such as Enterprise
Resource Planning (ERP)
and the Internet enable one to
keep track and transfer data
efficiently, saving money
and time. From e-procure-
ment to supply chain man-
agement, from co-design to
digital markets, new tech-
nologies have been intro-
duced to enable new busi-
ness processes. Conversely,
new business processes can
‘e infroduced because of the
new technologies, up to the
extreme point of the ¥z
Alize  a community of
firms that, thanks to ICTs,
can work and appear to its

continarei on puger 10
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customer as a single organi-
zation.

However, the tighter the part-
nership, the more trust is
needed - and trust should not
‘based only on goodwill but
also on reciprocal advan-
tages. A good partnership
makes it very costly to
assume opportunistic behav-
iour. Other factors contribut-
ing to a successfiil collabora-
tion are: the presence of a
“champion” (supporter) to
promote the alliance and a
facilitator to coordinate it
(they can be any of the mem-
‘bers, but usually belong to the
leader company); partners
enjoying autonomy but pre-
pared to offer their expertise
to the group; significant ben-
efits to each and every ele-
ment of the group through fair
sharing mechanisms, when
compared to the cost of their
membership; and last but not
least, a common culture (if
not a common langnage) to
facilitate the exchange of
information and knowledge,
avoiding misunderstandings
and interaction problems.

Tha heres] The eerp rize
Alliances among enterprises
will be an increasingly
important strategy for SMEs,
notonly to maximise profits,
‘but also to develop knowl-

edge and innovation - key
issues for entrepreneurs
striving to make their busi-
ness sustainable (these may
be debated at a later date).
Companies willlearnto forge
alliances even with their
competitors, when this is the
case. The coexistence of
these two seemingly oppos-
ing forces has sometimes
been called “co-opetition”.
However, as can be observed
in industrial districts, the
social network is even more
important for the purposes of
‘business than the technolog-
ical network - but it takes
more time to grow and con-
solidate. Thus, successful
partnerships are very much
dependent on how well rela-
tionships among their mem-
‘bers are managed. In conclu-
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USE OF AMMONIA IN CIVIL
AIR-CONDITIONING APPLICATIONS

sion, here are some thoughts
from the experts to bear in
mind:

Develop comprehensive
partnership strategies, and
nurture them throughout the
lifecycle

Alliance instability should be
not feared, but embraced.
Polygamy isoften better than
monogamy, but promiscuity
isnot. [}
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It’s a cool Winter

Meeting in Chicago

More than 50,000 people
are heading to Chicago to
attend the Ashrae Winter
Meeting and/or AHR
Expo.

These attendees will have
the chance to leam, net-
work and take part in
important Society busi-
ness.

The Ashrae Winter Meet-
ing’s technical program
features some 90 sessions
and 300 speakers address-
ing diverse issues con-
fronting the HVAC&R
industry.

The complete program of
Technical sessions and
Committee meetings is
available on the Ashrae
website; we’d like to focus
your attention on the inter-
esting Technical tours pro-
gram, featuring green
buildings, cold storage
facilities, visits to the
HVAC systems of audito-
riums and museums, and
factory tours.

During the Meeting, the
Ashrae Learning Institute
will offer short courses
and professional develop-
ment seminars, including
two new courses on pro-
ject management and ded-

icated outdoor air systems.
The International Air-Con-
ditioning, Heating, Refrig-
erating Exposition (AHR
Expo) offers displays from
more than 1,400 exhibitors.
New this year are the AHR
Expo Innovation Awards
‘being given to recognize the
most innovative HVAC&R
products showcased at the
Expo.

It is intended to encourage
innovation and to provide
vocational school scholar-
ships for HVAC&R stu-
dents.

Winners of these annual
awards will be selected by a

panel of judges selected
by Ashrae Journal fortheir
knowledge of theindustry
and its products. Awards
will be presented in seven
product categories.

The Ashrae Technical Pro-
gram and the social events
(plenary session, wel-
come party, President’s
luncheon, Life Members’
luncheon, reception and
‘banquet) will take place at
the Palmer House Hilton.
Formoreinformationabout
the winter meeting, visit
www.ashrae.org/MEET/C
H-MeetingInfo.htm.
www.ashrae.org
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middle of the last century
both in Europe and in the
United States. The merit of
having beenthe first to design
and install actually working
ammonia systems can be
attributed ex aequo to the
AmericanDavidBoyle and to
the German Karl von Linde.
Linde’s first new system was
‘builtin 1877 forthe still exist-
ingDreherbreweryinTrieste,
Italy, and worked effectively
and efficiently until 1908,
where itwas transferred tothe
Technical Museumin Vienna.
Since then, thanks toits excel-
lent thermodynamic proper-
ties and low cost, ammonia
‘became the universal-

Position Statement (1993),
states that use of ammonia is
necessary for food conserva-
tion and air-conditioning,
and that the Society intends
to promote a number of ini-
tiatives in order to maximize
theeconomical benefits ofits
use, while reducing the asso-
ciated risks to a minimum. In
particular, diffusion of infor-
mation shall be promoted by
means of seminars and pub-
lications, research on appli-
cation, operation and control
of system emissions, devel-
opment of guidelines and
standards for design and
application. Similar posi-

marize advantages and dis-
advantages of ammonia, we
could mention the following
points in its favour:

Cost. Cost of ammonia per
kg is more than six times
lowerthan HCFC-22. More-
over, ammonia is favoured
also by the low liquid densi-
ty, which is half of HCFC-
22. Since refrigerant is sold
by the kg, but the amount

ly adopted refrigerant
for all medium to
large refrigeration
plants both in the civil
and in the industrial
sector. Ammonia
machines of the
‘beginning of the cen-
tury rotated at a few
hundred RPM, were
extremely bulky, and, |«
if properly main- ’
tained, could last for i
ever.

Supremacy of ammo-
nia ended in the “40s
when halogen refrig-
erants, odourless, -
nonflammable, non-
toxic were developed,
‘became standard in
commercial refrigera-

necessary in a system
depends from its vol-
ume, which is mea-
sured in litres, the
cost of an ammonia
charge, in volume
terms, is 1/11 of
HCFC-22. In systems
where the amount of
refrigerant used is
great, such as that for
the McCormick Cen-
ter of Chicago which
will be described
later, the saving can
amount to tens of
thousands of dollars.

Thermodynamic effi-
ciency. Table I shows
that, with the same
evaporation and con-
densation tempera-

tion and air- condi-
tioning. Ammonia,

The patent for the first refrigeration

however, was, and machine by Linde (1877)

still is, used exten-

sively in industrial refrigera- tions were expressed by
tion, especially for food pro-  other infernational organiza-
cessing and conservation. A tions, such as the Australian
publicationin 1988 estimated Institute of Refrigeration

that 80% of refrigerated
warehouses in USA and
Canada used ammonia sys-
tems, while in Western
Europe halogen refrigerants
were slightly preferred.

NEW
PERSPECTIVES

Given the present restrictions
on production and use of
halogen refrigerants, in par-
ticular with the outlawing of
CFC-11 and 12 and the
impending prohibition, in
Europe at least, of HCFC-22,
use of ammonia as an alter-
native refrigerant in sectors
different from the traditional
ones is considered with great
interest. ASHRAE, in its

(AIRAH), the International
Institute of Refrigeration
(IIR), and the German Insti-
tute of Refrigeration (DKV).

ADVANTAGES AND
DISADVANTAGLES

It seems interesting, at this
point, to compare briefly the
properties of ammonia with
those of the most commonly
used halogen refrigerants
and propane, which is
increasingly being used in
Germany and other Western
European nations as an alter-
native refrigerant. Table I
summarizes the most impor-
tant properties of these
refrigerants:

If we wanted to briefly sum-

tures, ammonia offers
the highest COP
among all the refriger-
ants considered, even
if the advantage against
HCFC-22 is only 5%.
Heat transfer cocfficient.
Since the specific heat of
ammonia, both liquid and
vapour, is about four times,
and latent heat of evapora-
tion about six times, higher
that HCFC-22, the heat
transfer coefficient in evap-
oration and condensation of
ammonia isbetween 1,6 and
4 times higher than HCFC-
22. In practice, this means
that the evaporator or the
condenser of an ammonia
chiller can be smaller than
the same component in a
HCFC-22 machine, or that,
for the same heat exchange,
evaporation temperatures
can be higher and condensa-
tion temperatures lower,
which translate in an evident
advantage in COP terms.

Table 1 - Comparison of properties for seme commonly used refrigerants

Parameter Ammonia R-12 R-22 R-134a R-502 Propane
Ozone deployment 0 0.93 0.05 0 0.38 0
potential (ODP)

Global Warmi none 3.2 0.4 0.31 5.62 none
Potential (GWP)

Atmospheric life <2weeks 120 19 18 240 < 2 weeks
(years)

Operation in refrigeration, capacity 1760 kW, tevap = -17.8°C, tcond = 35°C

a\(tvxhorbed power 594 682 625 650 690 697
COP 2.960 2.580 2.814 2.707 2.550 2.523
Mass flow 1.631 15938 11302 12.337 18.203 6.765
rate (kg/s)

Volume flow 959 1,646 997 1,698 1,030 1,166
rate (I/9)
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