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PREFACE 

The competitive pressures on industry have never been greater and no company can 
afford to ignore ways of reducing costs or of using its resources more efficiently. 
Energy is an input of major significance for many industries, and an appreciable cost 
element for many others. Furthermore, energy prices are a volatile factor which 
could again increase significantly in the future. 

This conference, organised by the Commission of the European Communities, 
aimed to make firms fully aware of the different opportunities for improving the 
efficiency of energy use, and reviewed the latest techniques and systems including: 

—process integration, 
—industrial plant—process control and optimisation, 
—new techniques for low temperature and heat recovery, 
—the energy management of utilities, 
—sources of finance for energy efficiency investments. 

This volume contains the oral papers presented at the conference and the 
round-table-discussions. 
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OPENING ADDRESS 

by 
Professor George TURNER 

Senator for Science and Research 

Ladies and gentlemen, 

On behalf of the Berlin Senate, I have great pleasure in opening 
this conference on "Energy efficiency in industry". 

The people of Berlin are very grateful to the Commission of the 
European Communities for the considerable efforts it has made within 
and on behalf of Berlin, marking the 750th anniversary of the city 
by staging three international energy conferences here. The first 
conference in April was devoted to "Solar-heated swimming pools", 
in June there was "Coal in the heat market", and to conclude we now 
have this conference on "Energy efficiency in industry". 

Increasing competition in both European and overseas markets has forced 
every entrepreneur to investigate all possible ways of cutting costs. 
The most obvious approach is to use energy efficiently, given that 
expenditure on energy is significant in virtually all fields. In this 
context, I feel that two of the issues to be discussed in this 
conference are of particular importance. 

The first could be expressed as follows: 

"How can process control be improved and techniques optimized ? 
What positive - or negative - experience has so far been gained ?" 

The second major issue is that of funding: 

"What sources of finance are available for improving the use of 
energy ? Who is entitled to request such investment aid for more 
efficient energy use, and how should this be done ?" 

An answer to some of these questions may be found during this 
conference, and the Berlin Senate is hoping for some interesting 
tips based on experience gained throughout Europe. 

Here in West Berlin, industry is a less significant energy user than 
in comparable Central European cities - representing only 13.5 X of 
total energy consumption. Nevertheless, any saving in energy is 
important since it cuts not only the energy costs of the company but 
also the pressure on the balance of trade; now an increasingly 
important consideration. 

At the same time, the savings in primary energy help to reduce 
pollution in the city, particularly in the difficult field of air 
pollutants. 
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Here I would like to mention what we in Berlin see as another key 
issue, and one which will certainly become increasingly significant 
in the future, this being the generation of energy at the least 
possible cost to the environment. A decisive step has been taken 
here in Berlin. With the generous sponsorship of the Berlin 
electricity company "Bewag" - which contributed DM 4 million -
a new department of "Energy conversion and environmental protection" 
has been set up at the Technical University of Berlin. This is 
the first step in developing a strong research basis in a field of 
such importance to conurbations such as Berlin. 

In'taking this action, it was the intention of the Berlin Senate to 
set an example by stressing the interrelationship between efficient 
energy conversion and the greatest possible protection of the 
environment. 

Although there is a quite understandable desire to provide energy 
at the cheapest possible rates, the economic analysis must also 
include environmental protection or the expenditure necessary to 
restore a damaged environment. 

In the future, we must invest more in our environment. We in 
Berlin have already made a start. 

Although at present, and in such specific economic sectors as energy 
generation, environmental protection involves enormous costs, viewed 
in the long term and across the entire economy there is no conflict 
between ecology and economy. On the contrary: the development of new, 
more efficient environmental techniques is not just a scientific 
challenge. It opens up an international market that is, in view of 
its vital importance to future generations, in every sense 
"future-oriented". 

We alone, however, cannot deal with the problems that arise. What is 
needed is intensive contact and cooperation between the scientists 
of every nation, since our environment is indivisible. 

Nowhere in the world is better suited for reaching this conclusion, 
by "simply following one's nose", than Berlin. 

If - not to put too fine a point on it - it stinks here to high 
heaven, then it is a transnational problem. The waters of the Spree 
and Havel, and particularly the air, are no respecters of artificial 
borders. 

In a nutshell: if Berlin's air is to regain its once celebrated 
purity, joint action is the only alternative to failure. Common 
efforts to achieve efficient use of energy, and thus less pollution 
from energy generation, are a prime example of vital and feasible 
cooperation between both German states, and with other countries 
whose systems are different from our own. 
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Given the range of nationalities participating, we can expect not 
only a lively debate but also an exchange of views benefiting the 
countries involved. As a contribution to this process, there is 
the Senate's reception this evening at 6.30 pm, to which you are 
all most cordially invited. 

I hope that we will all have a successful conference with many 
stimulating ideas, interesting discussions and valuable results. 



OPENING ADDRESS  

G. BRIGANTI 
ENEA, Rome 

I think this Conference is very timely, interesting and appropriate, 
and its results should have an impact that goes beyond the circles 
of specialists. I will try to qualify this statement. 

The reduction of the energy content of the gross national products 
has been one of the three components of the strategic response of 
Europe to the energy crises, together with substitution of sources 
and the development of indigenous resources. 

If we consider how this reduction has been obtained, we find out 
immediately that industry is the main responsible for the success 
of this policy. 

However, when we try to interpret these data in terms of efficiency 
of energy use the task is not simple. There is a number of factors 
that interplay in this result. The aggregated figures that we are 
considering are actually the ratios between the energy consumption 
of industry and the added value of industrial production. This ratio 
has decreased not only because energy is used more efficiently in 
industrial processes, but also because the added value of industrial 
production has often increased. The value of industrial products is 
larger because they incorporate more technology, more design, more 
fashion, more response to individual tastes and requirements. 

Another reason for the reduction of energy intensity in industry is 
the shift in the mix of products inside the industrial production. 
The market of basic goods that have a high energy and materials content 
is in many cases saturated, and their demand only covers replacement; 
demand for new goods goes toward more sophisticated, more "immaterial", 
more innovative products. In a general sense, development can be 
considered qualitative rather than quantitative: it concerns health, 
education, quality of the environment, free time, arts and therefore 
all the products that are instrumental to these objectives. 

These two aspects of reduction of energy intensity are part of a 
general process of "dematerialization" which is common to all 
advanced societies; it has not been the consequence of the energy 
crises nor of the policies that were born of these crises, but the 
long term trend which was there has been accelerated by the energy 
crisis, through cultural evolution as well as economic pressure. 

A third reason for the decrease of energy intensity in industry is 
perhaps less positive. It concerns the decrease in the productions 
that have high energy intensity, such as steel, plastics, fertilizers, 
accompanied by an increase in the import of such products (or by a 
decrease of previous exports). Such displacements of production from 
Europe to other countries (often developing countries) move the energy 
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dependence from primary energy sources to energy rich materials. 
They may have positive connotations, such as a greater geo-political 
diversity of supply, or the possibility of cost reductions connected 
with the availability in some countries of very cheap energy; but it 
can hardly be regarded as a saving of energy: if the energy budget 
were to consider the energy content of imported and exported products 
(as in a way would be more correct) such a displacement would not 
result in net saving of energy. 

The rest of the reduction of energy consumption by industry are 
linked with the concept of energy efficiency. 

Still this reduction derives from a complex and composite panorama 
of different factors. 

They include the elimination or reduction of energy wastage; the re-
covery and utilization of heat, the recycling of materials; the 
improvement of process efficiency through more accurate monitoring and 
appropriate control; the improvement of processes or the adoption of 
entirely new processes to obtain the same product; the subsitution 
of materials and other products to perform the same function or service. 

Statistics tell us very little about the contribution of each of 
these factors to the reduction of energy intensity. Indeed, the 
trend towards goods with less energy content may be reflected by 
differences in the economic output of various industrial sectors, 
or by changes in energy consumption of these sectors. However, the 
analysis is shadowed by the effect of product shifts whithin each 
sector. For instance, very little sectoral shift appears in Italy, 
the United Kingdom and Ireland, where the changes of production occurred 
mostly within each industrial sector. 

A better understanding of the mechanisms and of the opportunities of 
energy saving in industry is important for several reasons. One is 
to be able to predict in a better way the energy needs in the future. 
Another is to establish priorities in energy saving policies, incen-
tives, investments, etc. Still another is to present industrial managers 
and investors with clear signals of what can be achieved and of the 
economic advantages associated with such policies. 

It is from conferences like this that one can collect the basic 
material on which to base such assessment. The detailed analysis of 
interventions in specific industries, through process integration, 
heat recovery, process control optimization and energy management is 
a precious guide to ascertain results and opportunities of increasing 
energy efficiency in the industrial sector. The consideration of case 
studies makes the picture more concrete. Success stories make good 
example and provide guidelines for replication. Unfortunately, it is 
much less common to hear aboOt failure stories, although we would 
have to learn just as much from them, in terms of mistakes to avoid 
as well as of obstacles to overcome on which to concentrate research 
and development efforts. 
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Much of the obvious to eliminate energy wastes and to use energy 
more efficiently through improved "housekeeping" practices has already 
beenaccomplished;the method of energy diagnoses by experts from 
outside and the preparation of energy managers inside industries have 
had a major role in bringing about these improvements. The EEC Com-
mission estimates that there is still a great potential of energy 
reduction (of the order of 25 %) in continuing along these lines. 
Technical, legislative and organizational instruments to carry 
further this policy have already been identified and tested. It is 
now necessary to diffuse and implement this kind of interventions 
as much as possible. It may be useful to set up ad-hoc services that 
ensure capillary diffusion and replication of successful cases. 

For the future, however, it is important to aim at deeper modifications, 
that involve prediction processes and renovation of plants. Energy 
saving in industry is therefore increasingly Linked with innovation: 
it represents an opportunity to introduce new technologies, while at 
the same time every innovation in industrial processes opens the road 
to energy saving actions. The necessary investments are higher with 
respect to the energy management type of actions, but the results that 
can be expected go beyond the simple result of saving energy costs. 
They have to be judged in terms of quality of products, overall eco-
nomic convenience, flexibility, protection of the environment, res-
ponse to changing demand, etc. All these aspects are difficult to 
separate when considering process or product changes, and a compre-
hensive evaluation becomes mandatory. 

It may seem trivial to tell this audience how important it remains to 
deploy the maximum effort in saving energy and using energy more 
efficiently in industry, no matter what the fluctuations of oil prices 
may be. I am sure that all of you share the feeling of the importance 
and of the strategic significance of the work we are all engaged in. 
Efficiency in energy use is economical, is profitable but its value 
goes beyond convenience: it is an essential part of a new model of 
society, a more sparing and more environmentally oriented industry; 
therefore it is also a model for Less developed countries, whose 
way to development cannot repeat the wastage of resources and envi-
ronment, the intensity of materials and energy of the traditional 
industrialization. 

In this view, I wish this Conference the best success, also from 
Prof. Colombo. 
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OPENING ADDRESS 

C.S. MANIATOPOULOS 
Director-General for Energy 

Commission of the European Communities, Brussels 

The Commission of the European Communities is taking an active part 
in the celebrations marking the 750th anniversary of Berlin in order 
to demonstrate its firm commitment to the city. 

Among the various Commission initiatives, I would mention the organi—
zation in 1987 of nine international conferences. As Director—General 
for Energy, I am pleased to say that three of these conferences were 
dedicated to energy. 

Another three of the conferences were related to industry, concerning 
water resources, environmental protection and telecommunications. 

The Commission has consistently stressed that Berlin is part of the 
European Community, and eligible to benefit from the opportunities 
available to every other region of the Community. 

In this way it has given practical form to the declaration adopted by the 
six founding members of the Community on signature of the Treaty of 
Rome in 1957. In this declaration, which was ratified by subsequent 
new members of the Community, the signatories confirmed their soli—
darity with Berlin and their determination to contribute to its 
development. 

Thus, for the purposes of regional policy, Berlin has the same status 
as the Community regions with an unfavourable location or which are 
geographically isolated. 

In the field of technology, the Commission has been involved in a 
number of research, demonstration and investment projects. Taking the 
activities of my own Directorate—General only, these include the 
liquefaction and gasification of solid fuels, the construction of a 
more efficient district heating network, a pilot project concerning 
a large heat pump and the building of the Reuter West thermal power 
station. 

In addition, two studies were launched in 1983 in collaboration with 
the Berlin Senate. The first concerns the creation of a data bank on the 
city's energy flow. The objective of the second is to devise a mathe—
matical model for analysing energy problems in conjunction with envi—
ronmental protection. It will be possible to apply the methods 
developed in these two studies to other Community regions. Finally, the 
Energy Institute of Berlin Technical University and the firm Innotec 
are cooperating with the Commission in organizing training and energy 
planning in China, the Asean countries and Morocco. Ten experts from 
Berlin are working in Community programmes for developing countries. 



The conference on energy efficiency in industry fits in neatly with 
the Community's energy objectives for 1995 adopted by the Council of 
Ministers of the European Community in September 1986, and with the 
creation of a single market by 1992 decided by the European Council 
in 1987. Our energy objectives foresee a reduction of at Least 20 % in 
energy intensity compared with 1985. 

It is vital that this objective be attained, if our total energy con-
sumption, which increases in step with general economic growth, is 
not to result in a growing dependence on external supplies. 

Energy efficiency in the European Community increased by over 20 % 
between 1973 and 1983, while the share of imported oil in gross energy 
consumption was reduced from about 62 X to 44 X between 1973 and 1986. 
These achievements are largely the result of greater energy efficiency. 

However, we at the Commission are not so vain as to believe that the 
Community can take all the credit for this success story. The period 
from 1973 to 1986 is characterized by major structural changes in 
European industry. Traditional industries such as steel and shipbuil-
ding which are heavy energy consumers have declined, while new acti-
vities with a lower net energy requirement have made considerable ad-
vances. Substantial increases in oil prices between 1973 and 1986 also 
provided a powerful incentive for greater energy efficiency. 

However, the results would not have been so spectacular without the 
efforts of the Member States and the supporting Community measures. 
At their recent informal meeting in Copenhagen and the Council meeting 
on energy, the Energy Ministers emphasized the importance of continuing 
to pursue our energy efficiency objectives. We are aware that the 
target of 20 % for 1995 is ambitious and will be difficult to achieve, 
because the process of industrial restructuring has not been completed 
and future price movements are uncertain. 

Industry, while it has already made an enormous contribution to energy 
saving, will remain a priority sector because much remains to be done. 

In 1985, Community industry accounted for at least 36 % of total 
consumption when energy as a raw material for the chemicals industry 
is included. 

Compared with the buildings sector including heating and lighting of 
industrial premises which is responsible for 38 % of Community consump-
tion, and transport with a 26 % share of consumption, industry is of 
prime importance in energy management at Community level. 

As the second largest energy consumer, it is in industry's own interest 
to maintain and intensify its efforts to improve energy efficiency in 
order to make its products more attractive. It also has a duty to do so 
to contribute to the Community's independence in the energy sector. 

Conversely, it is vital to the Community that industry does not falter 
in its efforts to make its prices more competitive. In addition, 
industry must forge ahead in the application of advanced technologies 
if it is not to lag behind in the international race. 
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It can be assumed that there is a considerable reserve of technological 
know-how that is still incompletely utilized and which could provide 
industry with the means of improving energy efficiency. The chief 
problem in applying these means is investment, particularly during 
periods of low oil prices. 

The Commission believes that third-party financing is a possible solu-
tion to this problem. It recently organized an international symposium 
on this subject in Luxembourg, the results of which will be presented 
at the round table at the close of this conference. 

However, the objectives of Community energy policy can only be achieved 
if Europe compensates for its shortage of primary energy by conti-
nuously promoting technological innovation. To this end, the Community 
is conducting a major research and development programme which has 
received funding in excess of 1.5 billion ECUs between 1984 and 1987, 
much of which has been dedicated to research on liquefaction and gasifi-
cation of solid fuels, renewable energy sources, rational use of energy 
and environmental protection. 

As a follow-up to the research and development work, the Community 
has carried out demonstration projects, some of which figure in the 
programme for the conference. 

The idea of demonstration projects was born of the realization that 
success at the research and development stage did not always guarantee 
the success of a process or product on the market. 

The transition from a research and development phase which has shown 
that an idea is technically and economically feasible to implementation 
on an industrial scale frequently involves technical and financial 
risks that act as a disincentive to entrepreneurs. 

With the aid of the demonstration programme organized by the 
Directorate-General for Energy, which is organizing this conference, 
the Commission can bear part of the financial risks and smooth the 
way to the marketing stage. Since 1979, the Community has provided 
financial support of this type worth about 600 million ECUs to over 
1 300 projects, 450 of them in the industrial sector. More than 300 
projects concerning, among other things, renewable energy sources have 
already been completed, half of which, including 40 industrial projects, 
have been a resounding success. Of the 600 million ECUs concerned, al-
most 300 million ECUs were chanelled to industry. 

Every successful project represents in itself a significant energy 
saving. However, our sights are set well beyond the actual projects. 
Our objective is to demonstrate the technical feasibility and economic 
viability of new procedures in the hope that their widespread adoption 
will lead to substantial energy savings at Community level. The repli-
cation of several steel projects, for example, has produced an overall 
saving of the order of 500 000 toe/year. 
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We attach great importance to the continuation of this programme after 
1989, when the current 4-year period ends. We are devoting considerable 
attention to dissemination of the results in order to make the projects 
reproducible and to avoid duplication of effort. The Sesame databank 
is the main dissemination tool. It is now accessible to the admini-
strations responsible for energy in all the Member States, and will 
soon be open to the public through the centres serving the european 
information market. 

Information and the exchange of experience are additional objectives 
of this conference, which will doubtless represent an important step 
in the necessary progress of European industry to greater international 
competitiveness through technological development. 

Before concluding, let me stress the quality of the speakers here 
today and the importance of the subjects discussed, which touch 
on vital aspects of the rational use of energy in industry. 

I now have the pleasure of handing over to Professor Schafer, 
Director of the Institute for Energy Management and Power Station 
Technology of Munich, who will give the first paper on fundamental 
ways of conserving energy and will then chair today's session. 
Thank you. 
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WAYS AND TECHNIQUES IN THE RATIONAL USE OF ENERGY 

By Prof. H. Schaefer, Munich 

1. Introduction  

The demand for energy to be used as sparingly as possible in order 
to preserve our environment and resources involves to some extent 
a contradictory states of affairs : 

- Mankind must free itself from the environmental conditions by 
means of energy in order to achieve living conditions and a 
quality of life that can be regarded as humane. 

- Any use of energy by man, even for his basic needs, has an effect 
on the environment and reduces the earth's resources through the 
consumption of materials, and use of space and fossil and nuclear 
fuels. 

A first way of limiting factors affecting the environment is energy 
management, which, according to (1) is the sum of measures covering 
all activities designed to guarantee efficient use of available 
energy resources. These activities include energy saving, rational 
use of energy and substitution of energy sources for others, e.g. 
direct and indirect solar energy for fossil sources. 

As shown in Figure 1, energy saving and rational use of energy are 
only synonymous at the point where they meet (market by "1"), i.e. 
in the area marked by less specific consumption of energy compared 
with a comparable state. This is achieved by reducing the specific 
consumption of useful, final and primary energy for the respective 
purposes and services. Taking the definition of rational use of 
energy in (2) as the use of energy by consumers in a way that is 
best suited to achieving economic aims - taking account of social, 
political and financial circumstances as well as environmental 
conditions - it includes the range marked by "2" in Figure 1, where 
extra specific consumption is brought about by additional energy 
services, e.g. 

a humane working environment; 

environmental protection technology; 

automation and mechanization; and 

- overall optimization of work, materials, space and energy. 

The higher specific consumption of energy arising out of these 
measures is justified by the increase in the quality of life, since 
in the final analysis energy demand is only one assessment criterion 
amongst many. 
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An example is flexitime. Everyone agrees that flexitime leads to 
more humane working conditions, but it involves a considerable extra 
outlay on energy since lighting and air conditioning are now needed 
each day some one and a half times actual working hours and it 
extends working hours into times of the day when the light of day 
and outside temperature are less than during the usual working 
hours previously. 

Area 2 in Figure 1 contrasts with area 3 in terms of energy saving. 
In this area, less specific energy consumption is achieved by re-
duced demands for goods, services and comfort. This can be achieved 
by reducing the quality, quantity and range of goods and services, 
by lowering the room temperatures, by reducing lighting, by changing 
from individual to public transport and the like. It is difficult to 
draw a clear demarcation Line between measures that contain a real 
sacrifice and measures that can be offset by non-energy steps. 
What is certain, however, is that not only the acceptance and social 
compatibility of the various supply techniques must be thoroughly 
examined but also energy saving measures themselves. 

Energy conservation 

/// Rational   Energy 
/// use of energy    saving 

General terms for 
energy conservation 	

• 

Figure 1 
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2. Energy analysis as a basis for rational use of energy  

An absolutely essential requirement in any plans and measures to 
rationalize the use of energy is an analysis of the energy situation. 
An analysis of this kind, if it is to provide a suitable basis, 
must have the support of actual measurements, regardless of whether 
they are for individual installations, machines or entire plants. 
Fairly large areas (e.g. regions or entire countries) are statisti-
cally recorded in energy balance sheets. 

Figure 2 takes the example of Germany to show how the final energy 
demand breaks down over the various consumer sectors and types of 
demand. The dominant role of heating, with a view to potential 
saving, is quite marked. Space heating at 35.4% and process heat 
at around 30% of the overall final requirements for Germany in 1986 
take about two-thirds of the total energy used. Traffic accounts 
for 23.1% of the remaining final energy consumption while stationary 
power consumption in industry, the home and small consumers use 
around 10%. The proportionate share of final energy for lighting is 
approximately 1.8%. 

Figure 2 
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The bar charts on the right hand side of the figure show the final 
energy consumption for industry, households, small consumers and 
traffic in absolute amounts and break them down percentage—wise 
into space heating, process heat and lighting and electricity. 
This shows the dominance of space heating in households and amongst 
small consumers (almost 80 and 52%) and of process heat (71%) in 
industry. 
Figure 3 gives an estimate of how the total use of final energy for 
process heat in industry is distributed over temperature ranges in 
steps of 100 K and over individual branches of industry. 
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This is of course a relatively rough assessment based on knowledge 
of individual production methods and their specific energy require-
ments. The distribution curves for 1973 and 1982 show two peaks, the 
first in the temperature range around 200% and the second between 
1 300 and 1 400'C. 

Overall results of this distribution had a marked effect on the 
iron and steel industry and the non-ferrous minerals industry. In 
1973 both industries accounted for around 50% of total energy 
consumption. By 1982 this figure had dropped to well under 50%. 
Overall energy requirements for process heat in 1982 had dropped to 
73% of the 1973 figure, this being caused by the reduction in the 
proportionate share of the primary industry. 

An assessment of future trends cannot be made without an analysis 
of developments so far in energy consumption. In Figure 4 the 
specific fuel and power consumption is plotted against the net 
production index for the manufacturing industry in Germany. Whereas 
the specific fuel consumption dropped sharply over the period in 
question the specific power consumption rose slightly. A detailed 
analysis of the industry as a whole showed that trends in power 
and fuel consumption were down to three different effects. 

The first effect is the activity effect, which gives an indication 
of what effect the changed production quantities, quantified as 
industrial net production index, will have on energy consumption. 

The structure effect expresses to what extent changes in energy 
consumption can be explained by structural changes in the range 
of products. 

The intensity effect illustrates how changes in power and fuel 
consumption can be the result of changes in specific energy con-
sumption values. The results of an analysis of industrial final 
energy consumption in Germany, as carried out for the period be-
tween 1970 and 1983, are shown in Table 1. 

POWER 

s.o. $ s.o. 

FUEL 

Change in consumption +32 679 +100 —135 326 —100 

Activity effect +17 835 + 54,6 +104 720 + 	77,4 

Structure effect + 6 805 + 20,8 — 66 456 — 	49,1 

Intensity effect + 8 039 + 24,6 —173 590 —128,3 

Table 1 : Analysis of industrial final energy consumption 1970-83 


