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1. GENERAL REMARKS

Tn comparison to the cxponcntial growth of energy consumption during the first balf of this
century, the second half has scen 2 much slower grow! m of (x)nsumpuon inthe mdu\mahzed
countries. However, the rising population and i f the devel tri
will require increasing energy resources in the futyre. The world energy consumptmn in
1960 was 147 EJ (Exa Joule = 10 Joule) and the consumption is projected to be about 470
EJ in the year 2H¥). An estimate puts the number at shout 800 £] for the year 2050, Paratiel
to this trend, we bave to keep in mind that the world popuiation. currently at 5.2 billion, is
expected ta rise to 10 or even 14 billions by 2050.

There is a hig disparity in energy consumption per person amaong various countries of the
world. A person in Europe consumes about S-10 times more energy than a personin Asia or
Africa and the per capita energy demand in US and Canada is even higher than in Europe.
The future population growth is expectad 1o be mainly in Asian, African and South Ameri-
can countries which are today pesitioned at the Tow end of the energy consumption curve.
Therefore, these countries will face a problem of satisfactorily meeting the rising domand.
Recent developments seem to prove this trend. Betwean 1980 and 1989 the energy con-
sumption in North America and in Western Europe has decreased by 10-15% while, during
the same period, an increase of 13-20% was observed in South East Asia, USSR and China.

Today, the energy demand is met mainly by oil and coal but increasingly by natural gas.
Renewable energy resources such as solar and wind energy make 2 negligibly small con-
sribution to the euergy supply. In the future, however, their share may inerease. Contribu-
tion of hydro-pawer and its future potential in the world energy supply is often underesti-
mated, The share of hydro-power in electric energy varies widely world-wide between 5%
in FRG and 72% in South America, The usable potential of hydro-power is still very large,
especially in Asia (5300 TWh}, South America {3800 TWh}, Africa (300 TWh) and North
America (3100 TWh). The hydro-power therefore offers a large potential energy resource
and it may even serve as a source for producing hydrogen as an energy storage and carrier
rmedium as proposed by a Canadiaa utility, Hydrogen can also serve as a raw material base
for the chemical industry.

Renewable energy resources have the peculiarity of low energy density per uoit area, The

surface area requirement for a photovaltaic power station is in the order of 100,000 m* /MW,
For wind turbines, it is about 5,000 m¥MW. In camparison. the figure for fossil powered
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power stations varies between 100-1000 m*/MW depending on the size of the unit. The use
of bjomass requires 1,000,000 m*/MW which is larger by a factor of 10 than for solar powsr
stations.

‘This preseats a problem of collectiog and concentrating the energy befere it can be distri-
buted 1o the users. Therefore, the ble energy are wdvisable in places where
the population density is low, But, even in the developing couniries, the trend is fot increas-
ing concentration of population in urban areas. it is estimated that, in the year 2030, fewer
than 40% of the population will live in rural areas even in the developing countries. This
makes the use of renewable energy resowrees more difficuls,

From a technical and economical viewpeint nuclear energy vifers a targe potential. Howev.
er, the fission processes have not found the necessary politicud and public acceptance thus
fur and the realization of fusion engrgy is 100 fur in the future for an cnergy strategy for the
next 50 years.

So, the remaining question is how much the primary energy can be saved by plants and pro-
cesses with a higher energy efficiency and by more sophisticated use of encrgy in chemical
engineering. Highly developed chemical processes have already reached a fevel of optimiza-
tion from which a further reduction of energy consumption js difficuit. During the last 30
vears the energy usage for producing products of a certain value has been lowered by o fac-
tor of 2 in the industries of the mduatrmhzed naticns. In many cases chemical processes are

ahrendy near thejr ther of energetic need.
For example, the pet i of a cogl fired power station is in the range of 40-42% today.
With an i coal gasification and i power cycle the efficiency can

improve up to 45-48%. With pure nutural gas as a fossil fuel a combined gas/steam cycle can
£0 up to 55% efficiency. However, 1o justify the economic profitabibity of these high offi-
ciency technologies, we will need to construct a large number of new power stations.

2. SESSION ISSUES

Esscntial facts resulting from oral § ions and dit ions in various
cal sessions are summarized ’wlnw Nor alf sessions contributed to the materials and enexgy
resource aspects. Therefore, the facts guoted here are from the sessions in which specific
and general ideas were developed for matetials and encrgy strategy.

Session 3,1: Closed Cycle Production Strategy

The closed cyele praduction strategy represents the com:p( of "
fon is directly i into i ial p

saving material and eneIgy.

lean technology™ in which
ion, It also results in

The patential of ies in closed cycle production was di: d in the session
and the solar option was jzed as for ble enexgy. A technal
mix including a bio-principle may be the best solution. Additionafly, the strategy needs o
be highly diversified to satisfy focal conditions. In additian to the solar options (photeveltaic
cells and soilar towers), hydroelectricity and hydrogen as an encrgy reservoir could make a
substantial contribution.

Session 3.2: Clean Chemical Plants
Clean chemical plants are interpreted as production places which have low effccts on the
environment. Eavironmental effects can result also from the energy consumption of the
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plant. A computer programme was presented in the session which can handic the connec-
tinn between the technology, economy, energy and environment. Farther, the programme
aliows strategies 1o be developed for chemical and related industries with respect ta cnergy
saving and environmental control measures, An example was mven of substituting the feed-
stock ligaites by natural gas and crude of! in different with special i

the energy situation in the eastern part of Germany.

Session 3.7: Electro-Chemical Engineering for Fature Transport Strategies

Newly developed fuel-cells ca contribute to a more elficient use of energy resources. A
new HoN, immobile fuel cell on an alkaline basis which is mainly used for space applications
was presented. An advanced fuel cell with an electrical energy storage capability was re-
ported.

The primary criteria of attractive fuet cells were described in 4 survey paper. Large poten-
tials of Na/§, Li/Polymer and Li/Metal Sulfide systems were emphasized.

Session 4.1 Efficieat Use of Encegy in the Process Industries

Thi; and the buti were specially devoted to raising guestions and
answers op possibilities of energy saving and alternative cuvigy resources, Proposals were
made for improving electricity efficiency in the process industries and for heat recovery
techniques, New computer-aided methods can be useful for such endeavours. Along this
line, it was recommended to develop new computer- mu-gmwd processing with dm recon-
ciliation and kmp: PrOCERS and energy
saving as one of its components. These tools are already highly duclupul and therefore
Turther progress may be slower, Nevertheless, it is worthwhile to concentrale activities in
the field,

generally consume a karge amount of energy.
An mtcremn;, project \vuuld be develop separation methods which are economical and, at

the same time, energy-efficient, Some examples are: gas fon and ROpRLite
tion. Several research prop for ituting distitfation in sey of fid mixtures
were presented.

Progess i jon is highly d ped in chemical engh h ltwaspmpasedthatwepu(

more emphasis o a d process i fon which incory and
energy saving. This may also include reduction of CO emission. An important component
of the integrated process may be mubi-functional reactors which can perform hoth chemical
snd transport provesses. This will lower the cost of pumping and reduce heat losses, Such
reagtors may be within the capability of current equipment manufactirers but there is stli 4
challenge to continue the progress and to invest in further research and development.

Special production lines were discussed. There is 3 strong need to 10 do more process 16+

scarch werk on glass melting furnaces, cement kilns and baking ovens, Currently, the design
and aperation of such equipment is largely based on empirical mode]

Risalso ile to think about imp: in existing and app b

of chemical apparatus sad plants with raspect to energy saving. For cxample, the predomin-
ant use of structured packings during the recent years resulted in “revamping” of existing
distillation columns by replacing their trays, We should look for the most cost effective solo-
tion with respact to cost and energy in these colamns. In this regard, we have fo discuss
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whether packings ot trays should be favored. A priori cost and energy saving arc not mutu-
iy exclusive. ‘the equipment price should take into account the energy cost af manufactur-
ing and the hest econnmical selection needs to be determined based on the total cost.

How energy minimization muy be achieved by following the principle of “minimum reflux™
was exiensively discussed. 1t was strongly recommended that the whole life cycle must be
considered in such 2 discussion. For example, the energy cost of manufacturing structured
packings which have a large number of theoretical trays per unit column height should be
compared with the decrease in energy consumption resulting from the decreased vohume
teflux ratio.

Fhoatly, a possibitity of using solar energy in § tal cherical p was
There was general agrecment that, although it fras anly 2 long-term prospect, research and
development effort should be highly encouraged.

Session 4.2: Qil sud Gus Industries

To afarge extent, raw materials for organic chemistry are based on off and gas. Therefors,
for chemizal engineering of the future, enhanced oil recovory and increased utilization of oit
veservairs will be important. Off-shore weservoirs will have to be explored to a greater ¢x-
tent, 'This implies that water will have to be injected to pressout the oil. 1t was reported that
the quality of injected water, such as salinity and pH of the permeating fluid, has beew found
to be the most important parameter controfling the process. Also, matrix acidification of
carhonate formations improves the flow of injected fuids in oil reservoins.

We also have to look for alternatives to crude oif for the future, Oft sand is a potential alter-
native chergy source. At present two Lommermai operations exist in Canada. The control-
ling factor in the process is the i i fated with separation of bitnmen
from the sand. Addition of alkal is an xmpomm step in bitumen scparation and flatation.
Further oracking of the bitumen produces crude ofl. The utilization of oi sands can make an
important contribution in North Afriea, South America sad USSR,

Improved economical and ecolopical use of energy may be achieved by improving the heavy
oif processes. Examnples such as cracking in 2 plusma spouted bed reactor and by thermal
comversion were presented in the session.

Finally. the lquefaction of coal was discussed. The NEDOL process, recently developad in
Japno to liquid fuel from Australian coal was reported. A pilot plant demon-
strate an il yield as high a5 57% . In Germany, the Ministry for Research and Development
supported construction aad operation of pilat plants for coal liguefaction in the seventies.
The technology is not necessarily new. During the World War 11, coal liquefaction plants
were operating on an industrial scale. The question was and still is an ecanomical one. Com-
pared to the current cost of erude ofl, the cost of coal-derived oil is much too high,

A proposal for the liquefaction of biomass was alse presented. According 1o this proposal
the direct liguefaction of ligno-celidlosic material can serve a8 & new source of chesical
feedstock and fuel. Experiences with liquefaction of dried poplar wood were reported. This
was performed in 4 bateh aufoclave using methanol as hydrogen donor. it is well-known that
oi} from rape sceds may be a more copvenient basis for liquid fuef.

Gas technology is another field for new material and exergy conversion processes, Syathetic
natural gas (SNG) will gatn an increasing influence in energy supply. The base of SNG will
b coal and, in some cases, biomass. Power plants of the future will be equipped with an
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I-gasilication unit. A bination of gas w\'bme and steam turbine will pro-
duce electrical encrgy in the plants, The incd Y higher ther-
mal cfficiencics and it will help in reducing CO; emission.

Session 4,4: Polymersand Advanced Matesinls

Cheical engincering aspects of p 1 were reported. Ef-
ficient mmml is very i in pmdact qu.nlnv and reproductbility and re-
ducing the srergy req! in the . In addition, poly-

merization iy an exothermic reaction. This, coupled with large change of viscosity of the
reactants in the coucse of teaction, makes the precise temperature control an engineering
chaltenge. Use of multi-tubular reactors for pr t was proposed. Another
approach is 10 use computer-aided process madullmg It was reported that the modelfing
approach was suecesstully used to identify the optimmm operating conditions of a PE plant
for producing PE with its MW and MW distribution within specification.

1figh strength high modulus polymers such as liquid crystal polymers have been developed
for use in structural applications and to replace metals in transportation equipment. The

weight red) directly into signifi energy saving during the lifetime of the
P i of the polymers can be subtxawtully improved hy
ing fund ! und ing of the relationship between
and polymcr moleeular structure. We are now on the verge of an ywnderstanding of hqmd
crystal pelymers. The need for ton a generi pability for determini

Iy prescribing polymer structures as agaiast g statistical structure of conventional polymers
was highlighted. The synthetic research may need to incorporate binlogicat principles.

Session 6.1z Casalysis: An Iuterface B Chemical Engineeti d Chemistry

The importance of catalysis in materials and energy saving was highlighted in the session.
With a catalytic process raw material consumption can be reduced. Catalysis also allows 2
process to proceed at a lower temperature resulting in lower energy consumption and cost.
Better ca!ﬁly‘;ts will therefore save fossii fuels in many processes, especially in refinery and
coal 2 . A great future ch far catalysis will be in natural gas pro-
cessing. Transpost of natural gas to user centers far from the production field is expensive
and energy consuming, Processes 1o couple CH to C-compouads are of preat interest and
catalysis can lower the energy consumption of the process.

Membrane catalyss
the session.
Session 7.6: Food Process Engineering

Haergy cost of faod handiing and processing is usually underestimated. There are 4 number
of possibilities for reducing energy consumption in this industry. Optimization of precess
systems and improved logistics may be the first step.

is a premising option. New cutalytic concepts were also ntroduced in

Energy efficiency of mixing systems still needs signi i . This is particularly
true for food processes but also generally true for chemical pmumes A systematic method
ol selecting an agitation system for a given mixing task needs to be developed. Also,
methods of measuring the cfficacy of mixing must be improved. fmprovement of mixing
processes will greatly reduce the energy consumption in the food industries.

Session 8.3: Trends in Heat Exchange
Imprevement of the operating performance of heat lead to ing ener-
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gy consumption. This s the case in all power plants and chemical processes in which the
temperature difference between the primary and secondary sides needs to be ow, Further,
we have to keep in mind that a large heat exchanger with poor heat transfer behavior wastes
more energy than does o small heat exchanger.

Fouling is a severe problem in heat exchanger operation which i still pearly undersiood.
More fundamental research is necded to understand fouling and incorporate the results into
aptimization of heat exchanger design.

Additionul research efforts are also neoded for improved design of heat exchengers in re-
frigerating systems and eryopgenics. It is widely understood that cooling nesds more hear
thun heunng Thers s a strong trend to reploce refrigerants with now unt

ic and transport properties of thess are not yet well

researched.

Session 10.1: Di siillnlinn

As previ illation uses a signifi propostion of the energy consumed
in cbumcn! plants. A number of methods to reduce the energy consumption were proposed
3 1he session.

Magsive energy saving was vbtained during the tate decade by systematically lowering the
reflux ratio in a distillation column. {n some cases, very simple methods such as improving
Hiquid distribution in & packed col can reduce the reflux ratio sud lower the energy con-
sumption.

Semml 10“: and
! ab is wellkk in the food muusxry‘ for example, in fowering the
caf‘fesm, content of mtfee Application of the sug itica fluld sep fon to off recavery

and ol refining was proposed. This may have u large impact io enesgy s For example.
alarge reduction of encrgy demsnd can be expected in deasphalting of oil, compared w2
subcritical separation method.

3. DISCUSSION IN THE AUDITORIUM

There was a very lively discussion on 3 number of issues in materials and energy tech-
nolegies among the participants of the auditorium session. Written summaries of partici-
pants comments were forwarded to the session secretary and are reported here with a
minimute of editing.

Professor V. Hornof brought to the attention of the audience the fact that, in considering
energy strategies for the year 2000, it is useful to look back at the last century. After a few
isoltted schievements in the 19th century, the 20th century has become the century of infor-
mution. The achievements in the information field have been incredible.

Similarly, as he further pointed out, we arc seeing a few isolated achievements in the area of
energy praduction now at the end of the 20th century. He believes that just 2s the 20th cen-
tury belongs to communications the pext century will belong to energy. New metheds of
encrgy generation including thermonuclear reaction and cold fusion, will be developed.
They will provide us with abundant and clenn energy which will render most of our current
discussion ixrelevant.
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Mr. M. Suffern commented on the effects of eavironmental requirements {real and per-
ceived) in our efficient usc of material and energy resources. As an example, he mentioned
that cement kilos were historically coal-fired, then oil-fired and now fired by natural gas.
There may possibly be a need to revert to coal-firing. He i also the ibilit
incorporating recycled and “purified” wastc solvents in the fuel for firing of the kilns. Final-
1y, he gave a short remark on the difficulty of finding an acceptable location for a high tem-
perature waste incinerator. Even in Australia there exists a shortage of economical loca-
tions.

Mr. B. Q. Stroebel pointed out that he is riot as pessimistic aboat coal lig ons as in the
secretary’s reporl. As long as crude oil and natural gas arc available at a fow price, coal has
little chance of producing Tiquid or gaseous products at a competitive price. However, lasge
Fischer-Tropsch plants for coat gasification and synthesis in South Africa are operating with
aconversion factor up to 40% and the direct coal liquefaction may reach a conversion factor
of 60-65% . It shauld be attractive especially if one takes into account future pre-supposi-
tons, which may include politicul or econemical isolation, guarantees for the future and
glabat economicat conditions.

Dr. K. H. Funken commented that the sofar power plant option may not be atiructive for
every location of the world. However, about % of the world population lives in the sunbelt
of the earth. There are enpough locations suitable fur solar power plants. The world's encrgy
battle will probably be won or lost in those countries with dramatically increasing encrgy
needs. The ities and obligations fur & lalized countsies are to develop and
make available the required equipment.

The next generation of solar thermal power plants is being developed. The goal is to lower
the electricity generation cost 10 make the technology competitive in places other than
Southern California. About 80% of the today s solar power g "cncxauon uses soiar thermal
‘power plams and the rest s in ized and p

A new implementing Agresment of IEA (International Energy Agr,my) is being formw-
tated under the name of “Solar PACES”.

Mr. P. Paschen said that what was missing was a survey on a hydrogen scenacio. Hydrogen is
4 transportable form of electricity and, as a chemical enginecr, one should think ol the ex-
cellent heat transfer capacity of hydrogen and remember that hydrogen is also a reductant,
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