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Abstract

This erticle describes some technological changes that could be introduced in energy-inten-
sive and polfuting industries in China, India, the Phifippines and 5ri Lanka. Among the factors
that need to be considered when a new energy efficient and environmentally sound industrial
technalogy is chosen are the state of existing technologies, up-front costs, operating costs, effi-
ciency of the equipment, and the fevel of in-hiouse skill avaifable. To make sure a new tech-
nology is economically viable, a number of external factars also need to be considered: the
presence of rationaf energy pricing, whether there are appropriate environmenta! regufa-
tions and incentive regimes in pface, the general financial environment, the transparency of
the economic system, etc.

Résumeé

L ‘article décrit quelques-unes des modifications qui pourraient étre apportées aux industries
polluantes et-énergivores de la Chine, de 'lnde, des Philippines et du 5¢i Lanka. Avant de
choisir une nouvelle technologie industrielle économe en énergie et respectueuse de 'envi-
ronnement, if convient de considérer I'état des technologies existantes, lo mise de fonds ini-

ticle, les couts d'exploitation, I'efficacité de I'équipement, et le niveau de qualification du-

personnel, Pour quune nouvelle technologie soit économiguement viable, il faut oussi prendre
en compte certains facteurs externes : l'existence d'un systéme rationnel de fixation des prix
de "énergie, {'existence de réglements environnementaux et de mesures incitatives adéquotes,
le contexte finoncier général, la tronsparence du systéme économique, etc.

Resumen

Este articulo describe algunas modificaciones tecnoldgicas que podrion aplicarse a las indus-
trias de alta produccidn energética y muy contominantes de China, India, Filipinas y Sri
Lanka. Los factores o lener en cuenta pora elfegir una nueva tecnologio de ahorro energéti-
o y optimizacidn medioambiental, son: el estado de la tecnologia vigente, los costes deri-
vados y operativos, lo eficacia del moteriol disponible v el grado de competencia interna.

Para cerciorarse de fa viobilidod econdmico, también hay que observar si ef precio de la -

energlo es ef adecuado, si existen reglomentos sobre medio ambiente e incentivos, cual es ef
entorno financiera general, si el sistema econdmico es propicio, etc.

Pare 1 will appear in the next issue.

introduction
This article summanises the outcome of a research
project conducted using the Case Study Approa-
ch in three energy intensive and environmenaally
polluting industrial sub-sectors identified in four
Asian countries, namely China, India, the Philip-
pines and Sri Lanka. The industries selected were
iron and steel, cement, and pulp and paper,

The objective of the research project was to
enhance the synergy among the four countries in
their cfforts to grasp the mechanism and various

aspeets related ro the adoprion and propagarion
of energy efficient and envirenmentally sound
industrial technologies (ESTs). The results of this
study should be useful to other developing coun-
tries, as it covers countries of different sizes, with
different political systems and ac different stages
of development.

The article includes discussion of B3STs retain-
ed for appraisal in the three industnial sub-sectors,
their cost-benefit analysts, and an inter-country
comparison of their performance. The purpose of
this comparison is 1o identifv the causes of varia-
nons in the econamic performance of the same

technology/process in differenc counuies and o
learn from the success or fzjlure of technology
adoption in some cases.

Methodology

Fallowing visits to selected plants and famihariza-
tion with the existing sct-ups tn the four countries,
one or twa E*STs ehat had already been adopted
and one porenual candidare for implententation
{out of over 30 £*5Ts identified for consideration
from three sectors selected] were shortliszed from
each industrv in consultation wich plant person-
nel. All actors belonging to the enterprise and the
external actors who influence the process of E*ST
selection, and are invalved in its successful adop-
tion. were identified during the study. Discussion
with them has allowed assessrent of the role they
play in the technology adoption process, The

manner in which this task was accomplished, with _ |

the involvernent of personnel from the enterprise
as well as the external actors, is schematized in’
Figure 1. :

Cost-benefit analysis of selected E*$Ts )
Cost-benefir analysis of an £'8T tsymportant for -
its adoprers as well as for potential financing agen-
cies. Such an analysis permits assessment of the
economic viabilicy of a specific echnology ina
COUntry’s prevailing socio-economic environment:
Though the complexity of a given technology
remains the same in all the countries, several 1nter-
vening factors determine its adoption, some asso-
ciated with the internal dynamism of the adopref
and some with external parameters over which te
adopter has practically no control. If adoption QF
the technology does not make economic sense 18
the first place, however, it is unlikely ro be accept
ed unless there are other compelling reasons.
Most often, the cost-benefit analysis of an E°S
only deals with the direct cost of a project and it
direct benefits 1o the adopter, including t@
investment in the project, benefit from energy
efficiency improvements, reduced waste emission
fees, increased productivity, erc, With grearef
awareness of the adverse impacts of human acv”
vities on the nataral environment, it has becomé
necessary 10 incorporate some indireer costs 40
benefits in a project. These include addion
costs associzted with pollution preveation. bere”

B




fies in the form of environmental and narural
(esources conservarion, and avoided cost of addi-
gonal investment in waste cceacment facilities and
energy supply enhancement,

Techno-economic comparison
|nrec-cauntry comparisons are noc always
sraightforw ard, as they are undercaken oc con-
sndered in different countries ac different rimes.
Therefore, presencing costs and bencfits in the
same time seale s not easy as itinvolves the use of
eschange rates as well as inflacion races of the local
CUITengy.

The following section provides an overview of
£25Ts selected for assessment in three industrial
sub-sectors, with respect to their investment and

- financial recurns, before making an inter-country
COMpPArison.

~ The cement industry

Some of the E*STs analvsed in the cement indus-
try contribute to both energy conservation and
environmental depoilution {e.g. wer 10 semi-wet
process conversion, wet to dry process conversion,
five-stage pre-heating with pre-calcination, re-
placement of ball mill by a vertical E-mill and of
ball mill by a vertical coller mill). Some measures
are taken purely for energy conservation (e.g.

clinker cocler cfficiency improvement, teplace-
ment of the whbe mnll wich vertical rolier milk and
ball mill, and closed foop milling instead of open
loop) ot environmental protection (use of bag fil-
ters or electrostatic precipitators), Some techno-
logies require marginal investments io the range
of LSS 30,000, while others require invesument
in the range of USS 5 w0 10 million. One projece
in China, involving complete retrofitting of che
process in a large factory (conversion from wet to
dry process], requires an invesemernc of USS 132
mitlion. [n gencral, che higher the investment che
higher are the associated financial benefies. These
range from as low as USS 24,000 up o USS 19
million per year, leading o pay-back periods of
less than a year up to §7 years. Since indirect bene-
fics are noc quancified in this analysis, the £'8T5
involving purely environmental gains have led ro
an increase in the production cost.

The iron and steel industry
All E*STs analysed in the iron and steel indusiry
contribure to significant energy saving. Except
E*STs such as O lancing, top pressure recovery
wurbine and blast fuenace gas recovery, all others
help in environmental depollucion in terms of
SO, and NO, emissions. They differ signiticantdy
in terms of capital investment requirements, from
practically zero o as high as US$ 160 mitlion,
depending en planr capacyties. Similarly, the
linancial rerurns range from a negligible amount
to as high as USS§ 26 million per year, leading to
pay- back periods of up ta six yeass. [n spice of the
facr that many of these E25Ts have a relatively
short p:{y—b.lck period of less dhan theee years, they
are still under consideration for adopron.
Replacement of the alwernate-current arc
furnace {AC-EAF) by a direet-current EAF in
China and {ndia shows vase differences in capital

Figure 1
Methodology followed to assess the technology adoption pracess
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outlay, financial returns and energy savmg
Though the Chinese system appears 1 be owice
as energy efficient as the Indian one, its financial
recurn 1s not as high due to the low cost of energy
in China.

The pulp and paper industry

AJLESTs selected from this sub-sector contribure
to significant energy saving {thermal as well as
elecrrical) and environmental gains in terms of
CO, SO, and NO, emissions. Most of the E3¥Ts
lead 1o relarively shore pay-back periods of less
than theee years. One exceprion is the black liquor
chemical recovery project in Srt Lanka, where the
expected pay-back period was 15 years. However,
as far as the factory is concerned, this attempt was
afailure due to the wrong choice of wchnology. A
similar technology was successfully adopred
almose ten vears Yater in China with nearly one-
fourth the capital outlay and 4 pay-back periad of
less than nine years. (The deails are given in Table
2.) The cogeneration project, which requires nea -

P—

ly the same capital ouday in India and China,
resules in significanely differenc Anancial recurns.
This could be mainly attribured o the major dif-
ferences in energy poicing,

The nex section compares the economic per-
formance of the same E’ST in two different
countries, in order to identify imporrant factors
influencing project viabilizy.

Inter-country comparison of E35Ts

In order to idenufy differences in the techno-eco-
nontic performances of £*STs, an artempr has
been made 1o compare owo countries aca time in
detal. Due to the differences in the rime of imple-
meneacion, tevel ol evisting wwehnology, and gener-
al sucio-economic sertings and backgrounds, the
same 35T can lead co very different economic
resules in diffecenc countries. Although a perfect
comparison cannot be made due to varying lacal
conditions in ditferenc councries, this ar feast
allows identification and highlighting of some
major factors coneributing o the differences, as
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Continuous casting in the iron Zﬁzl';tzel industry (India vs. 5ri Lanka)
Coumtry ' india - © Srilanka -
P_ro;_ec? | T o _Fwe mac%:]‘s with 1, 5 million One mﬂ(hne—\anh ’1’2,0'(50 o
tonries af annual capacﬂy tonpes of anwal capacity
Staws ’ Adopted i 1585 ﬁdcpte;d |rI1 I199I6 I
Tolal m\'eslmenl (mrlllon Ls5) I8, 5? 036 -
Dlscount rate (%) 12 [EN
Intercsl rale (%) 15 24
Raw malenal pru:e (USSflonne) 72 Vi
F:nlshed product selling price (USShonne) 139 e 545 o
Energy price {US5/G)} 0-.8? 4.9
Elnle;gy -.salviml;s (C.Ilflonne) 0? o7z
Prn:aducli-\ril)| incréése £9%) 91 5 i
Bencfil” (million USS) XY o ‘
! Pay. back nme (years -?I.S I I ---1 6 o |
i Speclf:c ¢ost 01 lnstallann (USS;’tonnE) ) 1% ] |
Share in benefit (%}
Productivity increase &4 88
| Energy savings 16 12
= The iz ot and g bowe the bensti Jemved 1m the exshiag syslem
I |
- ¢
Table 2 |

Black liquor chemical recovery In the pulp and paper industry

{China vs. Sri Lanka)
Country - China ~ SriLanka
Project ) - Black hquor 50 tpd T —W- )
Status * adopted in 1967 Adapted in 1978 , bul abandoned
due 1o lechnolou:cal tailure
J;udopter Capar,lty i’ulp 15,00b 1py,\ - C.apar_lt\-' Pulp 10 50[} ip}, I
| Paper 30,000 toy Paper 15 000 Py
Tolal mvesiment (mil[lon USS} ) 5.63 T 20,2 |
D:scount rate %} 12 12.2 !
Interesl rate (%] ‘Iﬁl IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII -2-‘1 |
Purchase price af Irl'iaf)lH (USSflonne)- 6;"0I 645 I
Steam pm:e (USS{tonne) m3.9i3l
Recover}r cosl { USSItonne 0[ a!kalal) ) o 120 6.?I5<\S
Percentage of recovery U 50 7
Steam supply (tor-1-ne,-’year] I 1700 T
Ben'—zfil"irnillion u'susy S T 0.65 Cnetioss
Pay-back time (years) . 8.6 N!A .
investment cost par tonlr;e ;:;flblarik I|quor 3?5 1,F;SG B
(U35 /tonne)

discussed below. Alrogether four comparisons are
made. consisting of one technology pertaining o
each sub-secror and one horizontal technology, Le.
cogeneration.

Continuous casting machine in the iron and
steel indusery :

The first example is the adopuon of continuous
casting in steel manufacturing in order to eur
down on energy losses and improve productivity.
Table 1 compares the benehits of adopting contin-
tous casting in the iron and steel industry in India
and Sri Lanka.

To meet its steel demand, raw steel has to be
imported ata higher costin $ri Lanka, Due to the
limired supply of finished product in the marker
and the factory’s ability to provide customized

products, the effect of value addition is very
important in this country. The finished products
asc sold ar nearly four times the raw macerial price,
whereas in India they are sold at only twice the raw
materizl price. Therefore. the factary in Sti Lanka
gets the maximum benefic from the project
through increased productivity (88%) in compa-
rison with energy saving (onty 12%). Even the
benefits from energy saving are more important
than in India, as the energy price is relatively high
due 1o the butk of Sti Lanka's commercial fuel
being imported. These differences explain the rea-
son {or such important differences in cconomic
performance, affecting the artractivencss of E*5Ts
10 4N enterprise.

Inigal specific investment required for the pro-
jectin Sri Lanka is significanty higher than in

India for the following 1easons: necessiiy 1a
import mast of the reratiring equipment for the
plams, different rumes of implementation, and
hisher cost af borrowing capital from the tinan-
cial market.

It can be seen from the above that a specific
measure constdered for adoprion could lead o
eithes positve ar negative results, depending on
its suitabiliny o local conditions, Facrass such as
import duties on raw materials ar equipment,
micerest rates, ete., which are beyond ¢he contral
of the factory, can influence the decision-making
process, For che sake of national interests, ¢.g. less
dependence an imporred fuel and a deaner envi-
ronment, natlonal authorities mav formulate poli-
cies ta render the adoption ol some selecred E*STy
mare attractive to industries withour creating
undesirable effects en other sectors of the econc-
[T,

Black liquor chemical recovery in the
pulp and paper industry

The second examiple focuses on an environmen-
tally benign project, combustion of black liquor
in the pulp and paper indusiry. which helps reco-
ver chemicals used in the pulping process as well as
generating same steam for the factory, Table 2
compares the performance of a black liquor ¢he-
mical recovery svstemn adopied in the pulp and
paper industry in China and S Lanka.

Following project implementation in 1978. the
cost of alkali recovery in the {acwory in Sri Lanka
was found ta be much higher than the marker
price of alkali due 10 some technical problems in
the recovery plant. such as a lower recovery rate
than that for which the svstem was designed, high
initial investment since most of the equipment
was imported, and che high cost of borrowing
capital for the project. Note that the high silica
content of black liquor (the raw material used is
paddy straw] caused severe process prablems,
resulting tn the shut-down of the recovery plant
in the Sri Lankan paper mill.

1 China, the atkali recovery plant has been
operating contnuously for the past ren vears.
There was 3 fow initial investment, as most of the
equipment was procured focalty. The cost of che-
mical recovery js less than one fifth of its market
price.

One issue arising from the above comparison
deserves closer attenuon, i.e. the choice of tech-
nology. According to the factory management 19
Sri Lanka, the principnl reason for the failure of
their attempt was inappropriate 1echnology
cheice. Several facrars {rechnical, financial :md
administrative) contribured to maling the wrong
choice:

1. The rechnology selected was not ver proven.
2. Initial invesrment was extremely high fovef
US$ 20 million in 1978). The investment cost pef
conne of black liquor was nearly five times that i1
China, ignoring the fact that the project in Chin?
was implcn.ented a decade later.

3. The project’s up-front cast was not of mao?
concern o the fadtory, as the project was funde
through a soft loan under bilateral agreement

S

72 9 UNEP Industry and Environment |anuary — June 1998




g

vertical roller mill in the cement
industry

The third example involves the adoption ol a ver-
dcal roller mill instead of 1 ball mull for grinding in
seernent mill. Table 3 compares the performance
of the E3ST in the cement industry in India and
the T thplms

[t 13 inceresting ro note thar thes replacement,
which involves approximarely the same capiral
putlay in both counreies, resules in significandy
different financial reeurns. This could be atnbus-
¢d o differences in encryy pocing and in the oper-
mnonal efficiency of the existing cquipment.

Equipment presendy used. which has lower
energy efficiency, can provide greater scope for
improvermnent. This is the reason tor the owo-fold
energy saving in the factory in the Philippines as
compared wich that in India.

The higher electriciey wrilfs imposed in the
Ps‘hlp")lnés permit the local enterprise w0 enjov
almost three times higher financial rewens from
the energy saved. On [}u other hand, the facrory
focated in [ndia 15 not convinced about adopring
the rechnology. 1s the existing electricity antt
structure leads to 3 very long pay-back period of
17 vears.

Cogeneration in the pulp and paper
industry
This example concerns the applicauon of cogenes-
anon in a puip and paper millin China and Indta.
Though initial investmene in the cogeneration
plantin India is abour 40% higher thap in China,
the factory enjovs higher financial rerurns from
energy savings due to higher electricioy raeiffs. In
general. the cost of energy 1n China is around
0% less than in india. Energy saving projects in
China are therefore not likely w0 be considered as
a priority when they have to compere with other
prajects far tundmg unless other mechanisms
and exeernal ineerventions (incentives and regula-
nons) affect the situadion. For example. an energy
consumprion quota was imposed on the encerpri-
se as a part of government policy in the 1980,
The price of energy hevond the quora was sub-
stanzially hugher, which persuaded the companies
48] i‘-EJ[ ﬁ)f encrg}’ S:{Vings,

Investment in the cogeneration plant is much
lower in China as compared to [ndia, mainlv due
to differences 1n raw matenal, labour and energy
costs, etc. and in the cime of implemenration,

Conclusion

The economic viabiliy of a given project 1s consi-
dered to be the kev issue in the adoprion of E*STs
The choice of the right technelogy is of para-
OUNE IMPOTTance o the CHLCTPrISe. The existing
level of the tec Imolog\. Up-;00r COst, operaung
cxpuu[t[u,c. etficiency of [l]L ceUipment, ang ;e
level of in-house skill availible need to be cons.
dered when selecting a new technology. Even here,
the enterprise may v adequate access @
informarion on avalable rechnologies which are

(S R
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Tabte 3 ‘

Vertical roller mill in the cement industry (India vs. the Philippines)

Country india the Philippines

ro!e'c_t_— - T _‘_.7.0 ‘ph r:em(nl n.uII R My tpn raw material m|II |
Sl.';lus IIIIII Mot adopted - I Adopted in 1591

Adopter Capadty 2,500 tpd cement plar\[
Total m\reslmenl (mllllon USS) 5 7 5.8 |
Dnscount rate (%) 1\2 'a 3

Intcrcst rate (%) 15 151

Energy pnce (U.‘\HSI,I’I!\I-‘IiWh) I ISO 1I10

Energy saving iic.';'-\."h,‘lonne) 5 0 |
Benefit* (milllon USS) 0.336 0.-‘,"24' o

Pay-balcl; tme {years) I 17 - - 6.5

® Thug i3 over and aave (e benefit derived fram the exstng yyilem

well-suited to meet its requiremencs. Actors out-
side the encerprise could play an important role in
decision-making by providing relevant informa-
tion and facilicaring contaces berween the supplier
and adopter of the E3ST.

The following cbservations and conclusions
could be made based on the cross-country com-
parisen:

Projects with low investment and short pay-
back pericds were normally adepred by the indus-
tries. But there are cases of projects wich much
poorer inancial performance being adopred, whe-
reas some economically arcractive projects were
notimplemented. This proves chae not all projeccs
are cxamined on the basis of rigorous economic
analvsis. Other factors, whether internal or exrer-
nal to the encerprise, do have an influence in the
decision-making process.

Sometimes a project by itself may be financal-
lv atcracuve, buc the company may lack funds to
implement it or the project may be compering
with another investment project which ferches
even higher financial benefits. Or the factory
maragement may not feel confident or may not
have personnel competent to handle 2 more com-
plex process.

Simlarly, 2 project may not be that lucrative,
buc the facrory may go-ahead with 1t due o exter-
nal pressure in the form of mandatory regulavions.
In some other cases, the authorities may facilitate
the adoprion of some technologies which are like-
ly to bring long-term benefits o the adoprer as
well as 1o the counery. The indusery itself may
have some other reasons o adopr a wehnology,
such as the inditect gains 1o be expected in the
form of improved producr quality, savings i raw
macertals or the cost o[ waste trearment, exc,

In genera) werms, the higher the snvestment nee-
ded for a projecr, the greater are the bencfics The
riskes associated with Iv are also likely 1o be more
important as the pay-back periads are longer
especially when the time vdue of money 15 taken
I11ro account.

fn the cement sector. most technologies were
adopred by the industries irrespective of whether

the pay-back periods were short or long. This
could be bécause the technologies are universally
avallable and the adoprers are generally well aware
of their advantages.

Projects aiming ar environmental benefis alone
have Lixle chance of being adopred by the indus-
tries wichour any external assistance, or withour
pressure beirg 1ppltcd in the form of environ-
meneal regulanions of strong opposition groups.

Some ST have ionger pav-back. pertods
because ot high ininal investments and non-inclu-
sion of excernal benefits such #s environmenral
and resources conservation, pollution abacement,
etc. From the adoprers’ (enterprises’) pornt af
view, what marters is che direct cost and benefir,
Therefore, to tnrernzlize the above external bene-
fits, cerrun policy measures need to be imple-
mened,

Even after raking care thar a proper selecrion of
technology 1s made, the econemic outcome may
not necessanly be posiave due o internal pro-
blems at the factory or paramerers which are
external to the factory and bevond it conerol.

To make E3STs economically viable for the
enterprise, various excernal Facenrs should be in
place with the night stimulacing elfect, such us
rational ecesuy pricing, ey ronmenta) regulations
and incentive regimes. financual environment,
[ransparens cconomMic syster, ere.

Acknowledgements

This article was prepared within the framework of
the project on “Development of Energy Efhictent
and Environmentally Sound Induscrial Technolo-
gics in Asia" conducted by che Astan Tasciure of
Technology (ALT) under the sponsorship ol the
Swedish Agency for Research Co-oper arion
(SAREC). Thl. LO]HPFChLﬂSI\C CrOSs-COLINLNY Coni-
pasison repart may be obrained from AT

- This article i3 based on che Countey Reporgs
prepared by Reseirch Fellows from China (Wang
Yunjia}, India (Anil Angjay, the Phulippioes {hlan-
sol Portal) and Sri Lanka (Gamini Senanavake)
with che assistance of respective Nauooal Resear-
ch Instieutes, ¢

Lo & 72



