5.2 ~Present Status of Encergy Consumption, Measures for Energy Conservation,

and Estimate of the Technical Potentials
5.2.1 Industry Sector
52..1 Introduction
(D  Selection of Target Industries

Four industries - cement, sheet glass, sugar, and iron and steel,- are selected as targets to be

analyzed in the industry for the following reasons:

a) They are consuming a large amount of energy and are very enmergy intemsive. Therefore,
measures for cnergy conservation can result in energy saving in these industrics.

b)  The study team was able to visit some factories in the iﬁdustries and get data and information
necessary for analyzing the present status of energy consumption in them,

¢) Data and information necessary for estimating the potential and the investment costs of energy

conservation are available in Japan.

Energy consumption in manufacturing industries, which are categorized into nine groups, was
estimated for the period of 13 years from 1974 to 1986 in a report entitled ”Creatihg a Model for

'Energy Management in the Cement Industry." Indicated below are the nine groups into which the

industries are categorized.

a} Food-related industry _
| Meat, dairy products, vegetable oil, sugar, drinks, tobacco, etc.

b} Textile-related industry

Wea{fing, dyeing and Ifinishing, knitting, leather, shoes, etc.
c).  Wood products industry o

Bamboo and wood véssel, wood furniture, cte.
d)  Paper and print.ing industry

Paper and pulp, printing, etc.



¢) Chemical products industry
Chemical feedstock, chemical fiber, paint, pharmaccuticals, petroleum products, coal products,
rubber, p]astics, cte.
f)  Non-metalic minerals industry
© Cement, brick, glass, ceramics, etc.
g} Basic metals industry
Iron and steel, non-ferrous metals.
h)  Machinery-related industry
Metal furniture, agricultural machinery, machine tools, home appliances, transport equipment,
cte.
iy  Others

Jewely, musical instruments, etc.

According to the 'rcport, the largest consumer of energy among the nine groups was the non-
metalic minerals industry, which consumed nearly half of the fotal in 1986 in the Iranian calender
(from March 21, 1986 to March 20, 1987), followed by the food-related, basic metals, chemical
products, and textile industrics (Table 5.1). Non-metalic mincrals-is also ranked at the highest in
energy intensity, followed by food-related, basic metals, and chemical products in the same order as
in encrgy consumption, but ranking fifth is the wood products industry in terms of cnergy intensity

(Table 5.2).

As can be seen in the groups of industries shown above, cement and sheet glass are included in
the non-metalic minerals industry, sugar in the food-related industry, and iron and steel in the basic

metals industry.
(i) Basic ways for cnergy conservation in the industry sector

Considering measurcs for energy conservation and cstimating its potential in industries, our
attention is turned 1o foll(.)'wing basic ways for encrgy conservation:
a)  Improvement of fuel combustion
b)  Improvement of hcéting and cooling

c) Préve_ntion of heat loss



Table 5.1 Share of Energy Consumption
by Industry in I.R. Iran S
(Unit:%)
Endustries 1976 1981 1988
Food related 19. 1 15.3 15.9
Textile related 8.4 8.2 6.2
Wood related 0.7 0.8 l,?
Paper related 1.2 2.3 1.2
Chemical 11.3 10. 3 10.3
Non-metalic minerals 44. 6 56. 1 48. 1
Basic metals 8.4 2.5 | 1.5
Machinery related 6. 3 4.4 5.5
Others 0.0 01 0.1
Total 100. 0 100. 0 - 100. 0

(Source) Mohammadi, A., “Creating.a Model for Enefgy Managémeht

in the Cement Industry in LR Iran " 1992




Table 5.2  Energy Intensity in Variouﬁ Industries in f.R. Iran

(Unit: Giga J./Million Rial)

Industries ' 1974 1977 1981 1986
Food related 715. 1 703. 1 545. 4 1, 265. 5
Textile related |  386.4 390.0 239. 9 302. 5
Wood related 415.5 258, 1 352. 1 642. 0
Paper relaied 183. 3 292. 7 469, 6 304.1
Chemical _ 272.8 496. 9 546. 7 571. 6

Non-metalic minerals | 2, 9824 9 877.8 | 2, 178.0 2, 633, 3

Basic metals 1,071. 0 666. 1 g,656.0 889.1
Machinery related 271, 9 172. 1 105. 6 205.2
Others 69. 6 137.6 132,86 71.0
Total 721. 1 718.7 604.5 867. 0

(Source) The same as Table 5. 1.



d)  Recovery of waste heat
e)  Improvement of conversion from heat to power
f)  Prevention of electric resistance loss

g) Improvemcnt of conversion from clcctncnty o power

In other words, measures considered below arc supposed to belong to at least one of these

basic ways.
(iii) Three categorics of measures for cnergy conservation

Measures for energy conscrvation are divided into three categories, defined as follows:

Category 1! Measures which can be implemented by proper management of Operation and
maintenance and do not require significant investment. |

Category 2 © Measures which can be 11}1plcmented by convertmg or addlng to ﬁ‘(lSt!l‘lg facilities
and which require a certain amount of investment. _

Category 3 : Mcasures which can be implemented by the_ replacement or modermnization of

existing facilities and which require significant investment.

More specifically, the category 1 contains the following items:
a)  Shutdown of some operations when not needed.
b) Repéir_ing leakages of oil, water, steam, etc.
¢)  Repairing insulations for heat contamination.
d)  Opening furnace door and inspection window for shorter time.
¢)  Cleaning heat transfer part,
f}  Checking and adjusting fuel/air ratio.
g)  Proper maintenance of Eombustion equ'ipmcnt
h) Optimizing temperature fixed for heating and coolmg

i} Opt]mlzmﬂ location of heated items.
In addition to these countermeasures, (1) incrcased awareness, motivation, and training of

creploycees, and (2) management endorsement and interest are indispensable for factories or plants to

succeed in promoting energy conservation.



Examples of category 2 are heat contamination with additional insulation, including insulation
on equipment and piping and installing equipment for rccovering waste heat from condensate or

process steam.

Onc of the cxamples of Catcgmy 3 is intfoducing continuous casters in the iron and steel
industry. Conventionally, molten steel from the basic oxygen fumace is cast into ingots, which are
then removed from the case, and rolled into slabs, blooms or billets on primary mills -- a process that
precedes hot mllin.g.. Continuous casting, which eliminates the ingot-making process, casts molten

steel directly into slabs or blooms. These are passed to the reheating furnance while hot (Fig. 5.1).

Fig. 51 An Example of Category 3

Ingot Casting & Slabing Method

PR PR

Continuos Casting Method

Another example is the replacement of an cxisting wet type of kiln with an NSP kiln in the
cement induStry. As can be seen in Fig. 5.2? a large amount of energy saving is achicved by this
meastres. (If a dry type of kiln is co_nvertéd, not replaced, to an NSP kiln, such a measure is

classified as category 2.)
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Fig. 5.2 Fuel Consumption of Kilns -

(iv) Characteristics to be taken into account in I. R. Iran

(ii) and (jii) mentioned above are common in every country, but the following it@ms should also
be taken into account when studying measures for encrgy conservation and :estiniatin.g its potential in
the Islamic Republic of Iran: | ' '

a)  Many yearé' have passed since plants or equipment were installed.

b)  Plants or equipment have not necessarily been well maintained or rehabilitated because of the
war or the lack of foreign currency.

c) Many plants operate at lower rates.

d) The scale of plants or equ;prncnt arc gencrally small because of a) and b) above and the ational

scale of demand itself,

Among these items, a), b), and ¢) 1mp1y that future measures for cnergy conservatlon will result

ina ldrgc volume of energy saving while item d) wﬂl not.



(v) How to cstimate the technical and economic potential of encrgy conservation

a)  Technical Potential

The technical -potential of energy conservation achieved in exciting plants in an industry by a

certain year in future can be defined as follows:

aa'+b-b'+cc'+d-d'...

where PTE: Technica:l potential in existing plants,
a,b,c:  Effect of encrgy consetvation achieved by measures A, B, C...... ,
a', b', ¢: Production in plants in which measures A, B, C...... have been implemented, |
t: Total production in all existing plants.
And the technical potential of energy conservation achieved in existing and new plants in an

industry by a certain year in future is shown in the following equation:

| | E N
PT= PTE » - + PIN ® wcecone
T T

where PT: The technical potential in an industry as a whole, |
'PTN: The technical potentiat in new plants,
E: Production in existing plants,
N: Production in new plants,

T: Total production in the industry.

b) Ecoh{)mié potential B _

The economic 'pot.entia'l of ‘cnergy conservation achiéved in .existing plants in an industry by a
certain year in future is equivalent to the part of the technical potential which is economicaily
justifiable in the meaning mentioned above. Fdr ins_taﬁcc, if measures A and D are justificd and B

anid C ot , the economic potential in existing plants (PEE) is shown in the fo'll'owing equation:
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As discussed later, if we consider the potential for a short period of around five years to come,

measures which are economically justifiable in IR Iran are mainly those belonging to category 1.

The economic potential is defincd in the same way as the technical onc as follows:

where PE:  The cconomic potential in an industry as a whole,

PEN: The cconomic potential in new plants.
5.2.1.2  Cement
(i) . Present Status of Energy Cohsumpﬁon

a}  Demand and supply of cement ‘

Demand for cement has been rapidly increasing since the cease-fire in 1988. 1t is supposed that
the :potential demand exceeds significantly the actual supply. There are several reasons for the rapid
increase in demand for cement.

(1) Reconstruction of arcas damaged durihg the war.
(2) Rapid population growth - the growth requires new residential centers, educational facilities,

hospitals, roads, and others, | o
(3) Reconstruction of areas ruined by the eathquake and ﬂoods in recent years

(4) Alarge number of agricultural and industrial devciopmcnt pro;ects

Production of cement increased from 12,118,000 tons in 1988 to 15,190,000 tons in 1991
(Table 5.3), but rapid growth of demand caused the shortage of cement in 1992,



Table 5.3 Production and Imports of Cement in I.R. [ran

{1,000 tons)

Year Product ion Imports Exports
1976. 7,375 1, 300 50
1977 1, 706 2, 600 -
1978 7, 150 2, 100 -
1979 7, 620 400 -
1980 1, 895 300 -
1981 9, 231 100 -~
1982 10, 001 - —
1983 10,912 - —~
1984 11, 803 ~ -
1985 12, 095 —~ ~
1986 11, 273 2 -
1987 12, 618 1.5 127
1988 12, 118 2.3 45
1989 12, 830 1.3 169
1990 15, 150 2 60
1991 15, 190 n. 4, 30

(Source) Ministry of .Industry ([.R. Tran)

b}  Production of cement ) _

Cement is prbduced in 17 factories Qwhcd by 13 companies (Table 5.4). The largest cement
manufacturer in the Islamic Republic of Iran is Fars and Khouzestan Cement Company, which has a
total product:ion capacity of 18,050 tons per day.. The sccond largest is Tehran Cement Company,

which has a daily. production capacity of 9,600 tons, followed by Sepahan Cement (6,600 tons per

day) and Soufian Cement (4,600 tons per day).
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The study team visited No. 1 and No. 2 factorics of Tehran Cement, Ourmeh Cement, and
Soufian Coment. As can be scen in the Table 5.4, the six kilns in Tehran Cement's No. 1 factory
were built in 1956, 1958, 1966, 1969, 1972, and 1979, and one kiln-in the company's No. 2 factory
in 1984. The four kilns in Soufian Cement were constructed in 1971, 1976, 1978, and 1984, and
one kiln in Ourmeh Cement in 1989, These commissioning years show that the factories the study

team visited include the otdest, middlc.aged, and youngest oncs.

c) Energy consumption in cement manufacturing process
There are three main parts in the process of manufacturing cement -- preparing matcrials,

burning, and finishing.

First, Hmestone, clay, and other materials are crushed, dried and mixed. Sccéndly, the

materials are fed into a Totary kiln in which they are heated at the temperature of around 1,450°C and
clinker as a mediate product is produced through a chemical reaction. Thirdly, clinker is cooled,

gypsum is addéd, and crushed to be moved to a cement silo.

Fig.. 5.3 shows a cement manufacturing flow. The figures include the raw mill and blending
 process in the material preparing process, kiln and clinker silo in the burning process, and cement

mill in the finishing process.

m}\g L’“i{ﬁ@

Pa: € i

Fig. 5.3 Cement Production Flow Sheet
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Almost all of cnergy consumed in the prcparmg process is electricity used for cru‘;hmg while a
small amount of fuel is used in the process for drymg Crushmg has traditionally been done by a ball-
typc mill, but newly-built factories are often cquipped with roller type mills as this type of. crushing

mill is more cfficient and consumes less electricity.

Almost all of the fuel requircd for manufacturing cement is consumed in the burning process. In
order to save fuel, technologics for pre-treating materials have been developed. In 1960s, the
suspension-preheater kiln (SP kiln), which uscs -wé'stc heat from the kiln for preheating materials,
was commercialized, and in 1970s, the new suspension-preheater kiln _(NSP kiln}, which has a
calciner installed with a preheater, was developed. Fuel consumption has been decreased drastically

by adopting these SP and NSP kilns.

Comparing energy consumption in an NSP kiin to that in a Lepol kiln which is a dry type Kiln,
a big difference can be seen in fuel consumption while there is not a big difference in electricity (F_ig.
5.2). Thus, energy consumption for manufacturing cement in a country is usu'aﬂy determined by the

"kiln-mix" which shows the composition of various kinds of kiins.

Fina!ly, electricity used for crushing is the main cnergy. source in the finishing process as in the
| preparing process. A ball-type mill is usually used for crushing cooléd clinker. Looking at the tré_nd
of electricity consumption by process in Japan (Table 5.5), consumption in the preparing and
finishing stages were almost the same in 1960s, but finishing is the largest electricity conéufning
process at .prcsent after elcctﬁcif)' consumption in the preparing process decreased largely althoﬁgh

that in the finishing process decreased only slightly in 1970~80s.

d) Spemﬁc energy consumption in cement manufacturmg
Specific  fuel consumpnons arc 800~1,250 Mcal/ton clinker and 3p301f1c clcctncxty
consumptions are 113~132 kwh/ton-clmker in four (4) factories the study team visited, which show

that the figure is largely different from each other (Table 5.6).
In cstimating the average the sp.ccific encrgy coﬁsumpﬁoh in cement manufacturing in the

Islamic Repubiic of Tran, we consider that the 800 Mcal/ton-clinker of Soufian Cement's. No. 3 and

No. 4 kilns is rarely small compared to other kilns and factorics, and that 950 MCai/ton—clinkcr of



Table 5.5 "Trend of Electricity Consumption in
Manufacturing Cement by Process in Japan

(Kwh/t-cl. )

Year {;gfg?'}';‘l‘g Burning | Finishing | Others Total
1950 57 28 47 10 149
1955 56 27 48 9 135
1960 49 95 46 7 127
1965 45 23 47 5 120
1970 43 25 47 4 119
1975 44 31 48 3 126
1980 39 39 46 3 121
1985 31 29 45 9 108
1989 99 98 43 3 103

{Source) Environment Protection Agency (Japan)

Oumeh Cement i$ more appl_'opriatc to be used for the lower end of the scale to calculate the average.
As the upper. end of the scale, the 1,250 Mcél/ton-clinkcr of Soufian Cement's No. 1 and No. 2
factories is considered appropriate. And 113 Kwh/ton-clinker of Qurmeh Ccfncnt and 132 Kwh/ton-
clinker of Tehran Cement's No. 1 factory are used for the lower end and upper end of the scale,
respectively to estimate the average specific electricity consumption. Such a way of estimating the
average can be said appropriate if the commissioning years and types of kilns shown in Table 5.4 are

taken into account.

These average figures are as of 1991~1992 and can be compared with the average in Japan in
1990 in the table. Looking at fucl consumption, the Iranian average of 1,100 Mecal is 70% higher
than the 653 Mcal for Japan, while électricity consunﬂption in this country is 30% bigher than that in
Japan, The specific consumptioh of ‘energy including both fuel and electricity in cement
manufacturing in this country is 63% higher than that in Japan. These figurcs imply that the
potenti_alé of energy conservation in cement manufac'tun'n_g in't.his country is substantially high.

~ Specific eﬁcrgy consumption in cement manufacturing in this country, however, is not ranked
among the’ highes’t in the world. Tt is élmost the same level as that in the U.S. and the U.K;, as can be

seen in the table.
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(i) Mcasures for Encrgy Conservation

a)  Introduction

We consider individual technical measures for energy conservation in cement manufacturing in
this section of the rcport. In considering the measures, seven (7) basic technologies for energy
conservation mentioned in 5.2.1.1-(ii) and three (3) categories of measures mentioned in 5.2.1.1-(iii)

are referred to.

b) Measures in category 1
in cement "manufacturing, improvement of fuel combustion” and "prevention of heat loss" arc
main measures specified in category 1. More specifically, the following fall under category 1.
(1) Adjusting fuel/air ratio in the kiln to improve fucl combustion.
(2) Prevention of leakages of high-temperature burncd gas, air, and clinker from the kiln and other
equipment. |

(3) Prevention of inflow of cool air into the kiln and other equipment.

Additionally, the folioWiﬁg are important measures in category 1 if they require no large
investment; |
(4). Repairing refractories in kilns,
5) Repairing pipes and ducts.
{0) RemoVin’g moisture from materials and/or properly controlling their grains.

(7) Preventing clinker and cement from dispersing within the factory.

¢)  Measures in category 2.

The most effective mcasure in this category is to convert the existing .wet-type kilns and dry-
type kilns‘ including the Lepot kilns into SP kilns or NSP kilns. As mentioned already, the conversion
will significantly decrease spccific-enérg’y consumption in cement manufacturing. There are nine (9)
wet-type kilns and fourtecn (14) Hry-typc kilns other than SP and NSP in this country as of 1991. If

they are converted into SP or NSP kilns, a considerable amount of cnergy savings can be obtained.

Secondly, power generation _utilizing waste heat has a large effect on cnergy saving. For

instance, it is répofted that 450~500°C gas is wasted from an SP kiln in Tehran Cement's No. 2
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factory; this can be used for generating power (450~500°C is considerably higher than the 320~350°C

in Japancse ccment factories).

These measures - converting kilns into SP or NSP kilns and power gencration utilizing WEtsfe
heat - correspond to a basic way for energy conservation described in 5.2.1.1-(ii}-d), which is "thc
recovery of waste heat.” In coraparison, the following are measures corresponding to 5.2.1.1-(ii)-g)
which is "the improvement of conversion from electricity to power";

(1) Installing a preliminary crushing mill in the finishing process.
(2) Introducing inverter systems for controlling the rotations of fans, blowers, pumps, and other

equipment.

A preliminary crushing mill is a roller-type mill which is installed with an existing ball-type
crusher for the preliminary crushing of cooled clinker, and consumes about. twenty (20) per cent less

electricity than the conventional way of crushing.

In general, ciectﬂc'ify is consumed in proportion to the third power of the rotations of fans,
blowers, pumps, ctc. Therefore, controlling their rotations. according: to powei‘ demand is very
effective for saving encrgy’.invcrtcr systems have been introduced for controlling the rotations in
niany factories and plants in Japan, and it is supposed that introducing the sjlstem in cement factories
in this country will also be very effective for saving cnergy. It is reported that introducing inverter
systems result in electricity savings of 20~50 per cent in Japan, 20 pér cent in the U.S., and 40 per

cent in Europe.

~ Finaily, the improvement of efficiency of clinker coolers in NSP kilns has been sought as one
of the measures in category 2. This technology is said to be the last factor for improving efficiency of
NSP kilns. Some systems for improving the efficiency of clinker coolers have been developed and

commercialized, but there are still problems to be solved before they can come into wide use.

d)  Measures in category 3. _ :
The most effective measure in this category is to replace existing kilns with SP or NSP kilns.
The average life of cement kilns is estimated to be 25~30 years including the prolonged period gained

by conversion. In this country, many kilns were constructed before 1970 or 1975, according to
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Table 5.4, and will be replaced with SP or NSP kilns in around 2000.

Sccondly, mtmducmg rollcr -typc crushers in the finishing process as well as in the raw material
preparing process can also save cnergy. Replacing a ball-type vertical crusher with a roller- -type

vertical crusher will result in onc-fourth less clectricity consupmtion in both of two processes.

* Finally, the fluidized bed furnace has been developed as an energy saﬁng cement kiln. The
furnace has such advantages as less dispersed heat, improved cooling cfficiency, and less electricity
consumption due to smaller movable parts, and will use a maximum of around ten (10) per cent less
energy than the NSP kiln, This furnace, however, is considered to be suitable for producing smaller
amounts of many kmds of cement products or for automatic production, and may therefore be uscd as

one complementing SP or NSP kilns used for large-scale production.
(ili) Technical Potentials of Energy' Conservation in Cement Manufacturing

According to cxperience in the cement industry in Japan after "the first oil crisis”, the effects of
encrgy conservation using measures in category 1 is estimated 1o be 30 - 50 Mcal (3.2 ~ 5.3 liter of
fuel oil equivalent ) /t-clinker. This is equivalent to 2.5 - 4.2 per cent of the current s.e.c. in the

industry presently in I.R. Iran, which is 1,200 Mcal (126.31)/t-'¢1. '

Table 5.7 shows factors which decreased the specific energy consumption: (s.e.c.) in the
cement industry in Japén As can be seen in the table, introducing SP or NSP kilns in the burning
process contnbuted 51gn1f1cantly to decrease the s.e.c. Three-fourths of the decrease {180 Mcal/t-cl)
achieved during thc period from 1973 to 1977 was contributed by such measures mcludmb the

increase in the utilization rate of these kllns
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Table 5.7 Analysis of Factors Decreasing the S.E.C. in the Cement Industry in Japan

- (Unit : Mcal/t-d)

. 197377 _ 1973 - 80
Preparing matertals ++15(8.3) 19(8.0)
Burning(*) 163(90.6) 214(90.3)

Conversion to SP NSP kilng 132(73.3) 170(71.7)
Decrease in s.¢.c. of SP, NSP kilns 17(9.4) 26(11.0)
Decrease in s.e.c. of other kilns 20(11.1) 16(6.8)
Unidentitied -6(-3:2) 2(0.8)
Finishing and others -2(1.1) C4(1.7)
Total ~180(100.0) ~337(100.0)

(*) The s.c.c. of Kilns are as foilows Figures in parenthesis show shares of clinker productlon

1973 . 1977' . 1980 :
P, NSP. T54A80) §20(80.9) ~800(88.6)
Others 1,233(51.1) 1,130(19.1) 1,095(11.4)
Average(Total) 1,048(100.0) 879(100.0) 835(100.0)
Source : IEET - - -

In addition to the mecasure, such measures as (D improvement in preparing materials, @

decrease in air leaks in equipment, and @ improved insulation were adopted in this period in Japan.
The effects of these measures are included in "Decrease in the s.e.c, of SP, NSP kilns" and
"Decrease in the s.e.c. of other kilns", Since main measures in existing kilns in this period are those

in category 1, almost all of the effects of the Iatter taken during the period from 1973 to 1977 can be

safely said to be those achieved by category 1 measures including (D) - () above. Furthermore, the

effects of the former is estimated to include those of measures in category 1 to a certain degree.

Additionally, if we take into account the effects of measures in other processes and measures
taken on SP and NSP kilns during the period from 1978 to 1980, it ‘can be said that the cffects of

measures in category 1 totaled at least 30 - 50 Mcal/t-c! in the cement indusitry in japan.

It is estimated that measures in category 2 and 3 can achieve energy.conservation of 196 Mcal
(20.7 1} / t-cl. 106 Mcal(11.2 ) comes from the conversion and rcplaccmcni of kiln_'s, as can _be seen
in Table 5.32 below, and 90Mcal(9.5 1) from measures other than the conversion and rcpléce_mcnt
except for " fluidized bed furnace ", which will not be commercialized by 1999, as can be seen in

Table 5.31 below.
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The s. €. c. in the cement industry as a wholg is estimated to be 928 ~ 938 Mcal / t - ¢l in 1999,
if the . ¢. c. in newly - built plants is 900 Mcal / t - cl in 1999, Accordingly, the s, ¢. ¢. in the

cement industry in I. R. Iran can be improved technically by 22 ~ 23 percent in the next five years.
5.2.1.3  Sheet Glass
(i)  Present Status of Energy Consumption

a}  Demand and supply of sheet glass
" Demand for sheet glass in the Islamic Republic of Iran is Siightly_ more than 200,000 tons per
annum, around three-fourths (160,000 tons} of which is produced domestically. Accordingly, import

is estimated to be 40,00(]~_S0,000't'0ns per annum.

b)  Production of sheet glass . _
There are four {4) sheet glass manufacturing companics in this country. The largest
manufacturer is Ghazvin Glass Company, which has the capacity of manufacturing 120,000 tons of

shect glass per annum, followed by Abguineh Glass Company.

Production Capacity Lines
(tons/year)
Ghazvin Glass | 120,000 4
Abguineh Glass 100,000 3
Savch Jam Gilass 70,000 1
Iran Glass 20,000 1
Total ' 310,000

) Energy consumption in sheet glass manufacturing
There arc scveral steps involved in manufacturing sheet glass -- mixing, melting, refining,

forming, annealing, and cutting (Fig. 5.4).
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In the mixing step, silica sand, soda ash, limestone, dolomite, etc. arc mixed, and an

appropriate amount of cullet is blended with the mixture,

The compOSitc material is charged into the smelting furnace which is kept at about 1,500°C,
where the material is heated and melted by the radiating heat of flames in the upper space. Then, the

molten material is clarified and its bubbles are separated.

In the next step, the tempe’raturc of the molten material is adjustcd to be suitable for forming.
Shect glass is formed by the drawing process, the roll-out or rblling process, and .thc float process.
The drawing proc‘cés includcs the Fourcault process, the Pittsburg Pennvernon process, and the
Colburn process (Fig. 5.5). In both Ghazvin and Abguinch which the study tecam visited, the

Colburn process is utilized.

Formed glass then gocs into the anncaling step so that there is no thermal strain left in the

product. After annealing, the glass is cut, checked, and packed.

What energy is used in each step of the manufacturing process? In the mixing step, electricity is
used for the crushing, mixing, and moving of materials. Fuel oil or natural gas is used for heating the
materials in the melting step. In the forming and annealing steps, electriéity is used for moving the
molten gIaSs and LPG or natural gas for anﬁcaling. Ghazvin Glass Company has a i)lan to install the
float process as the fifth line of glass manufacturing in the near future, in which electricity will be

used for heating in the float bath.

Finally, electricity is used for moving glass in the cutting and packing steps.

Looking at encrgy consumption by step in a glass Imanufactun'ng factory, ninety per cent of
total heat consumption is accounted for by the melﬁng step where materials are heated at a temperature
of 1,500°C - 1,600°C. Elcctricity consumption is rather small, which is five to seven per cent of total

heat consumption in glass manufacturing factories in Japan.

d)  Specific energy consumption in sheet glass manufacturing

Fuel consumption per ton of manufactured glass is estimated to be 5,000 Mcal and 4,000 Mcal
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in Ghazvin Glass and Abguineh Glass, respectively. A corresponding figure is less than 3,000 Mcal
in Japan, which means there is a large potential of energy saving in glass manufacturing in the Islamic

Republic of Iran.
(i) Measures for encrgy conservation in sheet glass manufacturing

a)  Measures in category 1
Main measures in category 1 in glass manufacturing are the prevention of leaks of hot air and
steam, and the management of combustion like in cement manufacturing. More specifically, the

following measures can be recommended:

(1) Repairing the wall of melting furnaces
(2) Adjusting fuel/air ratio in melting furnaces.
(3) Preventing materials from scattering out of manufacturing lines.

(4) Reducing broken glass.

b)  Measures in category 2.

Measurcs in category 2 for melting furnaces are as follows:

(1) . Heat msulatmn :

Since costs for rcpdmng melting furnaces is Substantlal in glass manufacturing, the fumaces are
often not insulated in order to prolong their life to the extent as possible In fact, the study team was
cxplamed when it visited Ghazvin Glass Company that it was much morc important for the company
to prolong the life of refractories installed with melting furnaces because they were imported and very
expensive. Even "simple" insulation by installing one seam of silica stone refractory, however, is

desirable measure in this category for saving energy.

) Rccovéry of waste heat _
_ ‘The waste heat of exhaust gas is usually recovered to pfchcat sccondary air because a melting
furnace is _heated to high_temﬁératurcand generates hot exhaust gas, and cither a regenerator or
rcc’upérafbr is used a_s-a-Was_te heat recovery unit. Some of the fumaccs, however, arc not installed

with these units in glass manufaéturing fé_ctories in the Islamic Republic of Iran. Instaliing
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rccuperators is recommendable for recovering waste heat from melting furnaces. In addition, power

generation utilizing waste heat is also recommended.

(3) Reducing fucl/air ratio for the proper management of combustion
The study team observed that some of the furnaces were operated under excess air. In order to

control the volume of air more accurately, a computer can be cmployed.

(4) Increased use of cullet
The energy used for melting materials can be reduced by increased usc of cullet and limestone
as materials, providing that prbduct qua!ity is not adversely affected. (In some furnaces of Abguinch

Glass Company this device has already been introduced.)
c)  Measures in category 3

(1) Installing a more insulated melting furnace
It is recommendable that when an existing melting furnace is scrapped, it is replaced with a

maore insulated furnace with 3 to 4 seams of refractories installed.

(2) Installing a more efficient regenerator _
It is also recommendable that a more efficient regenerator is installed when an existing furnace

is replaced.
(iii) Technical Potentials of Energy Conservation

Estimates have not been made on potentials of energy conservation in sheet glass manufacturing
achieved by cach measure in category 1 mentioned in (ii)-a) above. The potentials of energy
conservation by mcasurcs in category 1 are, therefore, assumed to be at least around 5 per cent,

perhaps much more, by referring to the following experiences,
Fuel consumption per ton of sheet glass was decreaséd by arquhd' 10 per cent in 2 years and by

around 20 per cent in 4 years after "the first oil crisis” in 1973 in Japan (Fig. 5.6). It is estimated by

experts in the shect glass industry in Japan that about one-half and one-third of each decrease was
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achicved by measures in category 1.

fig. 5.6 Trend of Fuel Oil Consumpiion for Manufacturing Sheet Glass in Japan
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(Source) Japan Sheet Glass Association

Additionally, an experience of one glass manufacturing company in Japan showed that ten to
twenty per cent of energy conservation was casily achieved in a south-east Asian country by

implementing measures in category 1.

“The current specific fuel consumption in the sheet glass industry in L.R. Iran is assumed to be
around the same as that in Japan in 1973 which was 4,500 Mcal/t and also the average of those in two
plants visited by the study team. If the specific fuel conservation is decrcased by five per cent in the
Iranian sheet glass industry, the amount of saved energy per unit of annual sheet glass production

will be. 200 - 250 Mcal/ton-glass.

Finall'y, experiences in Japan mentioned above show that about five and thirteen per cent of

each cnergy conservation for the two and five years was achieved by measures in category 2 (and 3}
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after "the first oil crisis". If specific energy consumption is decreased by ten percent in the Iranian
sheet glass industry, the amount of saved encrgy per unit of annuat sheet glass production will be 400
~ 500Mcal/ton-glass. '

5.2.1.4  Sugar
(i)  Present Status of Energy Consumption

a)  Demand and supply of sugar

Consumption of sugar in the Islamic Republic of Iran has been at 1.0~1.4 million tons per
annum level in recent ycars. Around 50 or 60 per.cent of total consumption has been produced
domcstically and the balance imported. Sugar is not exported from I.R. Iran. Looking at the supply
side from the mid-1970s to the mid-lQSOs, it can be seen that supply was almost the same level as in
recent years. This fact explains that consumption of sugar was fluctuating at almost the same level as

in recent years although the figure of consumption is not available in Table 5.8.

b) Production of sugatr
Sugar is produced at thirty-nine (39) factories. As explained in further detail below, sugar is
. produced from beet or cane. There are 35 beet sugar factories and two cane sugar factories in I.R.

Iran. The other two are sugar factorics which refine crude sugar imported from foreign countries.

¢)  Energy consumption in sugar manufacturing _

' The process of manufacturing sugar is somewhat different between a beet sugar factory and a
cane sugar factory. In a cane sugar factory, crude sugar is produced from cane in the first half of the
process and is refined further in the second half of the process before becoming the final product. On
the other hand, in a beet sUgar'factory,'the final product 15 produced directly without making any

crude sugar as a semi-product.

[n manufacturing beet sugar, bect which is the fecdstock is washed and sliced. The sliced beet

is put into hot water in the next process for its sugar content to be diffused.

Hot water containing sugar produced in the diffusion process is then clarified by addin'g’ lime
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Tabie 5.8

Demand and Supply ol Sugar in LR, Iran

(1,000 ton; crude sugar equivalent)

Production Tmport Supﬁly
Consumption
Beet | Cane Total (A) {B) (A+1B)
1976 — — - (722) (262) (984)
1977 — S - (672) (348) (1, 020)
1978 — - — (580) (227) (807)
1979 — — — (593) (127) (720)
1980 — — — (595) (583) (1,178)
1981 — ] = (538) (667) (1, 205)
1982 - RO (708) (212) (920)
1983 - — (663) (653) (1,316)
1984 — — — (633) (560) (1,193)
1985 — — — (701) (573) (1,274)
1986 — — — (721) - (317) (1,098)
1987 1,300 464 | 136 600 (657 | 582 (551 | 1 182(1,210)
1988 1, 150 500 | 225 725 280 1, 005
1989 1, 000 460 | 140 600 381 081
1990 - 1, 200 450 | 170 | 620 606 1,226
1991 1, 400 — — 710 672 1, 382
(Note) — means “not available”.

(Source) An Iranian sugar company for figures in ( ); Japan' s Sugar Refiners Ass.

for others.
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for absorbing impuritics and catbone dioxide for carbonating. In some cases, the ion exchange

process is used for clarification.

In the next process, the clatificd sugar juice is concentrated in the evaporator, and then it is

crystallized while being evaporated in a vacuum and by adding fine sugar as the seed for crystallizing.

The crystallized sugar is separated from molasses that still include some impurities in the

centrifugal separator, and then dried to become the final product (Fig. 5.7).

On the other hand, pulp produced in the diffusion process is pressed and dried - and sometimes

formed - to be used as livestock feed.

In a cane sugar factory, cane which is the feedstock is cut and shredded, and then is
compressed for sugar juice to be Squeezéd out. The diffusion process is also sometimes used for

producing sugar juice like in the beet sugar factory.

With tegard to clarification, evaporation, -crystallization, sépamtion, and drying, basic
processes are the same as those in beet sugar manufacturing. Crude sugar which is produced by the

process, however, is refined once more through basically same processes mentioned above.

A by-product in the compression or diffusion process, which is called bagasse, is used as a

fuel for boilers or as a material for manufacturing paper after being dried.

A large amount of heat is consumed in thc cvaporating (concentrating) and crystalhzmg
procesw% both in beet sugar and canc sugar mdnufactunng In onc of the largest beet sugar det()HES
in Japan, 55 per cent and 35 per cent of process stcam generated in two boilers are used for
. evaporating and crystallizing, respectively. And the boilers consume more than four-fifths of fucl oil
in the factory. In another sugar rcfinery m Japan, which manufactures the final produét from crude

sugar, consumes 65 to 70 per cent of total process steam in crystallizing.

Heat is also used for drying pulp or bagasse. In addition, coke is fired for generating carbone

dioxide in the lime kiln which is used for ciarifying sugar' juice, although this accounts for only a
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minor part of fucl consumption in a sugar factory (around 5 per cent in Japan).

Electricity is used for slicing beet and for compressing sliced beet after the diffusion process in
a beet sugar factory, and for cutting, shredding and compressing cane in a canc sugar factory. It is

also used for operating vacuum pumps, separators, dryers, etc. in sugar manufacturing. -

d)  Specific encrgy consumption in sugar manufacturing
The study tcam visited 3 beet sugar factories, one canc sugar factory, and one sugar refining

factory. Figures in Table 5.9 are estimated by utilizing data and information available from the visits

to the factories.

Table 5.9  Specific Energy Consumption in Sugar Manufacturing Industry in L. R, lraﬁ

Fuel™ Electricity

(£/1) (Kuh/t) romaris
Varamin Sugar Refining 382 301 In 199t Refining
Haft Tappeh Cane Sugar 750 n. a. -1 In 1991. Cane sugar
Khorasan Sugar 877 480 . In 1992. Beet sugar
Sabetl Fariman Sﬁgar _ 815 I. 4. in 1992. Beet sugar
Torbat-e-Jam Sugar 530 308 In 1992, Beet éugar
Average in Japan 500 | 250** Tn 1990. Cane sugar
Examples in Japﬁn .330-380 170 In 1992. Beet sugar

* Heavy fucl oil equivalent (per ton of refined sugar)'
% Estimaied
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Specific fucl ofl consumptions in beet sugar factories in the Islamic Republic of Iran are in the
range of 530 l/ton-sugar to 880 lfton-sugar, which can be comparcd with 330380 I/ton-sugar in
some beet sugar factories in Japan, Electricity consumption per ton of beet sugar is 310 Kwh and
480 Kwh in this country, while one of the largest bect sugar factories in Japan mentioned above

consumes only 170 Kwh/ton-sugar.

In manufacturing cane sugar, 750 lton-sugar is used in Haft Tappeh Cane Sugar Company,

which can be compared with the average tigure of around 500 I/ton-sugar in Japan.

These figures show that a large volume of energy saving can be expected in sugar

manufacturing in the Islamic Republic of Iran.
(i) Measurcs for cnergy conservation in sugar manufacturing

a)  Measures in category 1
As mentioned above, a large volume of low pressure sieam is used for evaporating and
crystallizing in sugar manufacturing. Therefore, it is usual that boilers are installed for feeding steam

not only to evaporators and crystallizers but also to turbine generators for onsite power generation.

For boilers, the proper management of combustion is important as a measure in this category.
The prevention of steam and drain leakage from pipes and ducts is also a measure which can be

recommended. The insulation of pipes, ducts and others is also recommendable.

As a measure for manufacturing facilities, reducing water used in crystallizers is very important
from the viewpoint of saving heat by decrcasing vaporized water. In manufacturing beet sugar, the
proper maintcn_anée of slicers is important because slicing beet as thin as possible results in energy-

saving through increaéing the yicld of sugar products.

In addition, scattering or leakage of feedstocks and semi-products from production lines should

be prevented.
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Measures in category 2

For boilers and generators, the following measures arc recommendable:

‘To install economizers and air preheaters for heating process water and air for burning by

rccovering waste heat from boilers,

To install equipment for recovering drain from evaporators and crystallizers.

To install a steam accumulator for leveling boiler load.

To .install measuring machines for the proper management and monitoring of fuel and

electricity.

For manufacturing facilitics, the following mecasures can be recommended for category 2:
To install equipment for pre-concentrate sugar juice before putting into crystallizer.
T'o install a churner in crystallizel‘s for making crystallization more efficient.

To install equipment for rccovering waste heat from vapor in crystallizers to make hot water.

Additionally, it is recommendable for saving clectricity that an inverter system be introduced in

order to control the rotation of blowers, fans, and pumps.

c:)_

Measures in category 3

Varamin Sugar Refining Factory which the study team visited is sixty years old. Here, a water

tube boiler was operated, the efficicncy of which was estimated at less than sixty (60) per cent. The

replacement of old boilers with low efficiency can be recommended. In general, the following

measures are recommendable as those for this category:

(1)
(2)
(3)
4)
)

To replace horizontal-type slicers with drum-type ones in beet sugar factories.

To replace the compressing process with the diffusion process in cane sugar factories..

To install evaporators equipped with more stages when existing ones are replaced. -

To replace tube-type heaters with plate-type ones which can utilize lower temperature steam.
To install more efficient compressors (not vertical but horizontal ones, for instance) in beet

sugar manufacturing,.
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(iif) Technical Potentials of Encrgy Conservation in Sugar Manufacturing

Estimates have not been made on potcntials of encrgy ‘conservation in sugar manufacturing
achicved by cach measure in category 1 mentioned in (ii)-a) above. The potentials of energy
conservation by adopting measures in category 1 are, therefore, assumed roughly around five per
cent, taking into consideration the experiences in other industries in Japan which were involved in

this study.

However, data and information on measures in categories 2 and 3 on newly-built plants have
not been enough for estimating the technical potential of energy conservation in this industry as a

whole.
5.2.1.5  Iron and Steel
(i)  Prescnt Status of Energy Consumption

a) Demand and supply of steel _

Consumption of finished steel products was 7.4 million tons in 1991 in L.R. Iran, according to
the International Iron and Steel Institute (IIST). Production of pig iron was around 2 million tons in
1991, which shoWs that one fourth of steel consumption is supplied by domestic iron and steel mills,

where stecl is produced from iron ore.

Table 5.10 Demand and Supply of Steel in the Tslamic Republic of Iran {Unit: 1,000 mefric tons)

Production of Tmport of Semi-fimshed and | Consumption of Finished
. Pig Iron 1  Finished Steel Products Steel Products
1982 220 3,114 3,577
1983 240 4,392 5,015
1984 250 3,250 3,979
1985 250- : 4,532 5,249
1986 250 3,036 3,760
1987 250 4,147 4,876
1988 ' 250 - 3,100 ' 3,953
1989 250 3,600 4,548
- 1990 - 1,267 - 4,900 : 6,152
1991 1,952 . 5,500 7,443

(Source)  International Iron and Steel Institute, "Steel Statistical Yearbeok 1992," 1992
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b)  Production of iron and steel -
There are three iron and steel complexes in the Islamic Republic of Iran where steel is produced
from iron ore. They are Isfahan Steel, Ahwaz Steel, and ‘Mobarakeh Stecl. Several steel mills

produce steel products from steel supplied by the three complexes.

The three complexes are selected as targets in- this study because a large volume of energy is

consumed in the process of producing iron from iron orc, as mentioned below.

Isfahan Steel produces iron using the "blast furnace process” in which iron ore is reduced to
iron by coke (coal). On the other hand, Ahwas Steel and Mobarakeh Steel produce steel in the "direct
reduction process” in which iron ore is reduced to iron by natural gas. Mobarakeh Stccl,. however, is
not expected to be in full operation in the pear futurc. Two other mills visited by the study team can

be said to be supplying all of its steel produced from iron ore in this country..
c) Energy consumption in manufacturing steel

(1) Blast furnace process _
The process of producing steel products is divided into three main parts -- ironmaking,

steelmaking, and rolling,

In the ironmaking process; iron ore is reduced to iron by coke as 'aircady mentioned. More
specifically, because much of the iron ore comes in the form of fines, it is mixed with coke breeze
and pulverized lime and baked into sintered ore in the sintering plant. Coal is converted into coke in a
coke oven. Hot xﬁetal is produced in the blast furnace from the sintered ore, coke, zmd fluxes charged

into it.

In the steelmaking process, the basic oxygen fumace (BOF) converts hot mefal into steel by
removing excessive portions of impurities such as carbon, silicon, and sulfur. The molten steel is
then solidified into slabs, bloomss or billets by the continuous casting process - forms that can be

eusily rolled during the process that follows.

In the rolling process, slabs and blooms are rolled into products by a series of processes
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including hot rolling, cold rolling, an.d surface treatment. The hot rolling process works reheated
slabs or blooms on a rolling mill int(_i sheets or plates, shapes, bars or wire rods. The cold rolling
process is one that further reduces hot rolled sheets or plates by uniformly rolling them at ordinary .
temperatures, the purpose being (o enhance their propcrtics. Recently, continuons annealing and
surface-treating lines have been installed that improve surface quality, durability, and workability of

the steel sheets rolled.

Fig. 5.8 shows a typitcal "blast furnace process" in Japan, and Fig. 5.9 shows the producing
process and energy flow in the Isfahan Stecl Compilex. Hot rotled coil and cold rolled coil arc not
produccd in the Complex, as can be seen in Fig. 5.9. In the process of producing the steel products
mentioned above, iron ‘making consumes two-thirds or threc-fousths of total cnergy consumed in the
whole process. Particularly, the blast furnace consumes nearly 60 per cent of the total, which is

carricd by coke produced in the coke oven and put into the blast furnace.

At the same time, it should be take into account that coke oven gas (COG), generated in coal
- being converted into coke and blast furnace gas (BFG), generated from buming coke, arc usually

used as fuels in the steel miil.

In the Isfahan Steel Complex, COG and BFG arc used as fuels for power gencration and
heating in the rolling process, according to a flow chart of energy which was given to the study tcam

by the Complex.

In the stc_clfhaking pfoccss, fucl is' consumed m the basic oxygen furnace, which doesn't
account for a large part of total consuﬁ_apti_oﬁ (the furnace conS'umes only about 2 per cent of the total
fuel consumption in the typical steel--producing process in Japan). In the Isfahan Stecl Complex,
natural gas supplied from outside is uscd in this process. The high-temperature gas is generated in
the basic oxygen furnace, where stecl is made by spraying oxygen onto the hot metal. The gas -

BOF gas -~ is not utilized in the Isfahan Steel Complex.

Finaliy;_in the rolling process, fuels are used for heating the furnaces and electricity as power

" for the rolling mill.
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In addition, clectricity is used for operating blowcrs, fans, compressors, etc. as kinetic cnergy,

for lighting, and in electrostatic precipitators.

(2) Dlrect teduction process
This process has been adopted in many countrics which produce natural gas, and Ahwaz Steel

and Mobarakch Steel produce iron in this process in the Islamic Republic of Iran,

In these complexes, pellets are manufactured from iron ore in the peklenzmg plant and are put

into the reduction furnace to be converted into iron (Fig. 5.10).

There are several types of direct reduction processes. In the Ahwaz Steel Comgléx_, three types
of dircct reduction plants - Purofer, MIDREX, and HYL - have been adopted Among them, the
HYL. direct reduction plant is still under construction. Fig. 5.11 shows the pmduc,hon process and

encrgy batance of the MIDREX direct reduction plant which is playing a ma_]or role i m the Complcx

For steclmaking, the electric arc furnace is instatlcd in the Complex. As can be seen in Fig.

5.11, the Complcx doesn't have any rolling process facilities.

Looking at cnergy consumption by process, the ironmaking process accounts for a major part
also in the direct reduction procéss. Nearly 95 per cent of total energy 'co'nSumption is consumed in

ironmaking in this Compiex, as it does not have rolling process facilities.

d)  Specific encrgy consumption in n steel manufacturmg

Accordmg to Table 5.11, specific encrgy consumption in the Isfahan Steel Complex is 10.3
Gealfton-molten steel, which is estimated to b_r_:. the figure as of 1991. ‘This includes clectricity
consumption, which is estimated to be 585 Kwh/ton-molten steel (503 Mcal/ton-moltén steel). The
‘specific energy consumption of 10.3 Geal/ton-molten steel can be compared with 5.7 Geal consumed
in an integrated steel plant in Japan in 1991, There is also a big difference between the figures on

specific electricity consumption for L.R. Iran and Japan,
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Table 5,11 Speci'fic Energy C'onzs'umption in Tron
& Steel Industry in I.R.: [ran

Total Puel Blectricity
' I Remarks
(Geal/t-ms) | {Geal/t-ms) {Kwh/t-ms)
[sfahan Steel 0.3 9.8 585 In 1991
. (517) {450~480)
* Ahwaz Steel 5,43 2. 89 b In 1992
G : (2,39) . (6RD) '

{Note) (1) Figures in ( ) mean those in Japan for Isfahan, and those
planned by the factory for Ahwaz.
{2) Ms means molten steel.

In thc:Ahwaz Steel Complex., specific fuel consumption is 2.82 Gcél/fon-m_oltcn steel and
specific elcctﬁcity. consumption is 71 Kwh/ton-molten steel in 1992, assuming all the steelmaking is
done in the MIDREX process. The Complex plannéd its specific fuel consumption be 2.39. Geal/ton-
molten steel and specific electricity consumption 650 Kwh/ton-molten steel for 1992. Théfefore, at
least about ten (10} and fifteen (15) per cent of energy saving, rcspeétively,— could have been

achieved.

Fuel consumption per ton of molten steel in the Purofer plant was more than 30 per cent higher,
but electricity consumption more than 30 per cent lower, than those in the MIDREX plant. In spite of
this fact, the MIDREX plant can be commended at least from the viewpoint of energy conservation

because fuel consumption is much larger than electricity consumption in steel manufacturing,
(ii) Measures for Energy Conscrvation
a)  Measures in category 1

Main raeasures in this category are the proper management of combustion and the prevention of

high-temperature gas and steam from'lcaking in steel manufactuﬁng; like in other manufactui‘i'ng
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industries.

In manufacturing ste¢l by the blast furnacc process, the following measures can be

recommended for category 1 :

) Pra.pcr management of combustion including that of the fuel/air ratio in the coke oven, sintering
plant, blast furnace, and boiler.
(2) . To improve the insulation of the various kinds of furnaces and boiiers.
(3) To prevent cool air from entering the furnaces and boilers.
(4) To improve the insulation of pipcs and ducts.

(5) To prevent steam and gas from leaking out of the pipes and ducts.

In manufacturing stec! by the direct reduction process, measurcs mentioned above can be

adopted as far as they are applicable.

Additionélly, the proper procurement of equipment and parts is necessary for the -higher
utilization of plants which results in cnergy conservation, For instance, it was reported that process
gas compressors in the Ahwaz Steel Compiex could not be fully maintained because they were
lacking in parts. (This kind of measure is also recommended for stcel manufacturing by the blast

furnace process.)

b)  Measures in Catcgory 2

Many .of the measures 1n this category in steej manufacturing by the blast furnace process come
under 5.2.1.1-(ii)-d) -- "recovery of waste heat". The fOlloﬁring are measures by which the blast
furmnace top pressure recovery turbine (1) .a.ttains the largest encrgy savings rate in terms of cost/

bencfit ratio, followed by the converter (basic oxygen furnace) waste gas collecting unit (2).

(1) Blast _fumeic‘e, top pressure recovering turbine (wet type)
(2) Con\fcrtcr waste gas collecting unit

(3) Coke dry quenching unit (CDQ)

'(4) Blast fl:Jmace top pressure fecovery turbine (dry typ¢)

5) Sca[éd—type converter waste gas collecting unit
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There are also the following measures which are categorized as basic ways other than 5.2.1.1-(ii)-d).-

{6) Hot charge rolling

(7) Coke oven humidity controlling unit

(8) Continuous annealing line

For clectric arc furnaces in the Ahwaz Steel C()mplux, the followmg measures are

tecommended among which (9) is especially important.

) Scrﬁp pre-heating unit
(10) Water cooling wall

(11} Bmprovement of scaling the opening of the clcctnc arc furnace.

Finally, recuperators have already been installed for recovering waste gas to. preheat air and fuel

in this Complex.

) Measures in category 3 _

In steel manufucturing by the blast furnace proces.s, the introduction of the newly-developed
direct iron ore smelting production process is one of the measurcs in this category that is to be
iiﬂr_oduced in the future. It is estimated that this process will result in a significant level of energy
conservation -- 300~600 Mcal/ton-crude stecl - equal to twice or three times the ‘¢ffect brought about
by introducing the continuous casting process. The introduction of this process can be expecfed

during the period of our study target (~2021).
In addition, as one of the measures in this category, we should take into account another
innovative process also now under development, which is called semi-solid processing -- a process

that will climinate reheating furnaces and hot rolting mills.

In steel manufacturing by the d_irect reduction process, the installation of the direct current

electric arc furnace is another measure in this category.

It is also worth considering that pig iron produced in the direct reduction furnace is input
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directly or continuously into the electric arc furnace. As can be seen in Fig. 5.12, the sensible heat
loss of pig iron accounts for more than 70 per cent of total loss. Accordingly, preventing the loss

will lcad to a considerable amount of encrgy saving,.

In addition, focusing on the Ahwaz Steel Complx, the following countermeaures arc worth

considering:

The first is to shut down the Purofer direct reduction plant. There are a few Purofcr-fype plants
which have been established in the world. Among them the plant in the Alwaz Steel Complex is only
plant of its kind which is still in operation. It is reported that the plant is not so efficient and suffering
from many problems in its operation. For reference, the consumption of natural gas per ton of steel
product's was 351 Nm? in the Purofer piant; which can be compared with 293 Nm3 in the MIDREX
plant. The difference between these figurcs shows that shutting down the Purofer plant and operating

the MIDREX plant at a higher ratc would be highly effective in terms of energy saving.

Seéondlv it may be ncccssafy for the HYL plant co.nstruc.tion plan to be revised. In the plan,
three (3) HYL plant units will be mstallcd in the Ahwaz Steel Complex although HYL. Process-1,
which the Complex is determined to construct, is the oldest one among the HYL Processes and
existing HYL Process-1 plants are teported to have been operating neither efﬁc:]ently nor a high
utilization rate. Qur suggestmn is that if the No. 1 unlt now under constructlon is not operating
efﬁc:cntly after its complctmn the constructmn of No 2 and No. 3 units should bc cancelled and the

No. 1 unit rebu:lt to a more cfficicnt MIDREX plant.

Thirdly; it is recommended that the Ahwaz Stecl Complex also be an integrated steel complex.
As mentioned alrcady, blooms and slabs produced in the Corﬁpiex are transported to other mills to
make fmxshcd steel products becausc the Complex is not equipped with rolling process facilities.
From the Vlcwp()lnt of energy conscrvatlon as well as higher productivity, it is desirable for the

Complex to be integrated.
Finally, the improved system of recovering scrap in this country and a higher utilization of

scrap will result in lower electricity consumpﬁon for steelmaking'in the electric arc furnace, not only

in the Ahwaz Steel' Complex but also in other complexes or plants. This measure may have to be
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catcgorized under "category 4", instead of "category 3".
(iii) Technical Potentials of Energy Conscrvation in Iron and Steel Making

The iron and steel industry in Japan achicved energy conservation of 624 Mcal per ton of crude
steel in the period from 1973 to 1980, 55 percent of which was accounted for by measures in
category 1. By IEEJ's cstimates, the effects of energy conservation during this period by category

are as follows:

(Mcal/t-c) (%)
Category 1 _ - 341 55
Category Zand 3 283 45

Total 624 100

Furthermore, Nlppon Steel Company cshmated that the company achlcvcd its 10.4 percent of
energy conservation during the period from the first half of FY1973 to the first half of FY1978 35

percent of which was again accounted for by measures in category 1.

Thus, the cffects of energy conservation achieved by measures in category 1 were 300 - 350

Mcalft-c fb;‘ a few years after "the first oil crisis”,

According to Isfahan Steel, Iran's s.e.c. in 1991 was 10 300 Mcalft-c in the iron and steel
industry ( blast furnace type ), compared to 5,407 Meal in Japan in 1973. Such a large differencc in
the s.e.c. between the two countrics suggests us that the effects of the measures in category 1 would

be much larger than 300 - 350 Mcalt-c in I.R. Iran.

In addition, the fqllowiiig measures in category 2 which are supposed fo be implemented ata
comparatively carly stage will bring about an encrgy conservation rate of 46.4 ~ 59.01 (fuel oil

equivalent), according to Table 5.36:
. Blast furnace 't:()p pressure recovery turbine (wet ),

. Converter waste gas collécting unit,

. Coke dry quénching unit (CDQ),
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. Hot charge i‘élling,

. Cake furnace humidity - controlling unit.

In the Ahwaz Steel Complex, the difference in the s.c.c. between the plan and actual results
was 10 - 15 percent in 1992, as mentioned above. The difference can be narrowed by decreasing the

acutual results, which will be mainly achicved by measures in category 1.
5.2.2 Energy Conversion Sector
5.2.2.1 Thermal Power generation
(i)  Present Sfatus of Energy C.onsumption and Loss in Power Generation
a)  Demand for electricity
- The sales of electficity in 1991 increased from 14,345 GWH in 1978 to 49,175 GWH in 1991

in the Islamic Republic of Tran,

The largest consumer of clectricity was the residential sector, followed by the commercial and

industrial sectors in 1991 (Table 5.13).

b) Power generation
The installed capacity of generating power was 18 GW in 1991, of which 15 GW is owned by
the Ministry of Energy (MOE) and 3 GW by others.

" Looking at the total installed capacity by power source, 55 per cent is accounted for by steam

turbine, 27 per cent by gas turbine, and 12 per cent by hydro power in 1991. Thus, fossil fuels arc
playing a big role as fuels for poWer generation (Table 5.14 and Table 5.15).
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Table 5.13  Sold Energy by Cdnsuming'Sector '
{GWH)
: : Compounded Average
1967 1978 1989 1990 1991 Increase
: (1991/1967)( %)
Residential 473 | 3,862 | 15,791 | 17, 344 19,128 16. 7
Commercial 9711 3,464 1 10,867 | 11,9301 13, 609 17.7
Industrial 504 | 5,877 8,466 10,220 10,637 13.5
Others 213 1,142 4,832 5,613 | 5,801 14. 8
Total 1.46i '14,345 39,956 | 45, 107 | 49, 175 ' 15. 8

(Source) MOE
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Table 5. 14

Installed Generating Capacity of MOE .
(M)
Year Hydro. Steam Tu?gihe Diesel Total
1967 309 343 84 198 934
1972 804 146 172 372 2,001
1978 1,804 1,718 2, 887 614 7,024
1987 1,821 7, 155 3, 492 837 13,31147
1988 1,914 7,475 3, 489 803 13, 681
1989 1,953 3,086 3, 600 803 14, 442
1990 £, 953 8,086 3, 940 824 14, 803
1991 1,953 8,086 3, 940 869 | 14,848
(Source) MOE
Table 5.15 Energy Géneration in MOE
(GWh)
Year Hydro Steam Tu?gine Diesel TotaL
1961 658 782 56 396 1, 842
1972 | 3,528 2,513 265 564 6, 870 _
1978 6:249 | 6 316 3, 928 893 17, 386
1987 8, 390 25, 360 7, 305 1, 499 42, 554
1988 7,311 26, 968 8, 146 © 1,850 43,775
1989 7,522 | 33,056 6,974 1,173 48,?25
1990 6, 083 38, 836 8,723 1, 254 54, 896 )
1991 7, 056 41,947 9, 463 1, 244 59, 710

(Sourcé) MOE

—13i—




¢)  Own consumption and loss in thermal power generation

Thermal power generation By stcam . turbine, gas turbine, and dicsel engine -- steam turbine in
particular -- is targeted in this study. The rcasons are that saving particulaly oil as well as gas, i an
important task in pdwer gcncraﬁon and that pm\:'cr generated by steam turbine accounts for two -
thirds of the total power generation in I.R. Iran (1992). Power generation by combined cycle system
has not been achieved yet in this country, although power plants of this systern are under

construction,

Steam power generation is a power generation system in which thermal cnergy created by
burning fuel in the boiler generates high-temperature and high-pressure steam to be iﬁjectcd into a
steam turbine where the energy is converted to mechanical (rotating) power that drives thec power

generator.

Figure 5.11 'givés an account of the main factors contributing temperature loss and the rough
proportions of temperature loss due to each factor in steam power gencration. Fucl which has the
. therm of 100 and is input to generate steam loses 13% of the therm as wastc gas loss in the boiler.
Then, 3% as mechanical loss and 44% as thermal loss in the condcnscr are lost in the turbine. Thus,
the balance of around 40% is used for power generation in the generator. In other words, about 60%

of input energy is lost in steam power generation. '

Fig..S.ll ‘The Thermal Account of Stcam Powef Generation{Oil fired; 600MW)

Loss in condenser

G2
=
= = 3
s |5 87% 2 5
100% = a 0 2
T 1 & = 39% S
= . (2]
= . =
, 3% £
Waste gas foss Others (4 %)
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Additionally, a certain part of generated electric power is used for kinetic power and lighting the
power plant% This is referred to as in-housc consumptlon of electric power which usudlly totals les

than 10 per cent of generated clectric power(3 - . 7 percent in Japan).

The balance, which is power generated subtracting losses and in-housc consumption in power
. plzmt'é,. is distributed to the genefal consumer. Accordingly, the amount of input cnergy (fuel) per one
unit of electric power which is sent out of power plants is the indicator for the efficiency of
consuming energy (fuél) in the plants. However, "gross fuel rate" or "fuel rate at the end of power
generation" for thermal loss and "auxiliary power ratio” for in-house consumption arc used very often

as its indicators. Their definitions are as follows:

fuel consumption (1 orkg)
Gross fuel rate 2 oo smemmmemmmcossumm e
power generation (kWh)

in-house cOnsumption

Auxiliary power ratio = -ssemremormssomnoiennsnsanns (%)
power generation

d)  The specific energy consumption in thermal power generation in 1. R. Iran
The thermal efficiency in thermal power plants in I. R. Iran, which was 23 per cent in 1967 and
27 per cent in 1978 increased to 31 per cent in 1992, which means that the gross fuel rate decreased

from 0.399 and 0.342 in 1967 and 1978 respectively to 0.249 in 1992 (Table 5.16).

Thc'auxilia_ry power ratio was 5 per cent in 1991 for all power plants including the types other

than thermal power (Figure 5.12).

For comparison, the gross fuel rate and auxiliary ratio were 0.227 and 4.7 per cent,

respectively in thermal power plants in Japan.
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te and Thermal Efficicncy

Table 5.16 Generation, Heat Ra
Generation of Heat Ratc Thermal Gfoss Fucl Rate
Year Thermal Units (keal/KWh) Efficiency (/kWh)
| (GWh) . (%) -
1967 1,149 3,792 7% 0,359
1972 737342 2,975 289 0.313
1978 1,137 3350 3575 0342
1987 34,164 3,837 30,5 0.399
1988 36,465 7,816 305 0296
1989 41203 2754 313 0290
1990 48,813 3,785 309 0.293
1991 33,654 27753 312 0290
1992 63,782 37363 371 0.249
(Sourcé) MOE
<
steam )
el |1 %, | b
R e el s
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Fig. 5.12  Balance of Electric Energy in 1991(GWh)

(Source} MOE
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(i)} Measures for Encrgy Conscrvation in Existing Thermal Power Generation

a)  Introduction
Measures for energy conservation are considered in this section "Encrgy Conversion Sector.”
Here, the definition of basic ways or technologics for energy conservation and the categorization of

measures are the same as in the section on "The Industry Sector” (See 5.2.1.1).

Accordingly, cight basic ways of encrgy conservation are kept in mind and measures are

categorized into three groups.

In the cnergy conversion sector like in the industry sector, certain parts of the overall process

are target where measures for energy conscrvation should be taken.

In stcam power generation, energy loss in the condenser accounts for 44 per cent and waste gas
loss in the boiler for 13 per cent of the total, as mentioned above. Thercfore, if energy conservation is
highly effective in these processes, it will bring about a lfarge reduction in losses in the whole

generation process.

First, maintaining a v_acuurh at a designed level in the condenser is critical for loss reduction.
There are several factors that inhibit the creation of a vacuum state in the condenser, among which the
most influential is soiled cooling.tubes,' where steam sent from the turbine is condensed through
cmitting heat to sea, river, well water flowing. The soiling can be cleaned by the "reverse flow of

water" or using brushes and balls.

Secondly ', in order to reduce waste gas loss in the boiler, it is very important that excess air
ratio be decreased. (air ratio should be maintained at a proper: level), that it be maintained within the
limits in which fuel is burned properly to the extent possible, and that the tcmperature of waste gas
occurred be lowered as much as possible to the limit below which low-temperature corrosion of the

boiler is not desirable.

Thirdly, in order to reduce mechanical loss in the turbine, introducing (installing) highly

cfficient turbine blades and proper steam sealing in machines and equipment, and low variable
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pressure operation of the boiler during operation are important measures for achicving optimum

operation.

The following are measurcs for cnergy conservation in thermal power gencration as thosc

catcgorized into 3 groups taking into consideration the above important targets.

b}  Measures in catcgorjf 1
First., the following measures are recommended for boilers:
1)  To incrcase combustion efficiency by improving air ratio,
2)  To reduce the temperature of waste gas.
| 3)  To enhance insulation efficiency.
4)  To improve maintenance of air pre-heater.
5)  To remove ash on the outer wall of boiler-tubes.

6)  To operate boilers at variable pressure.

Secondly, following measures are recommended for turbines:
1)  To maintain a vacuum stat_e'_in the condenser.
2)  To maintain the cfficiency of cooling towers.

3)  To repair any corrosion and damages on turbine blades.

Moreover, the study team obscrved in the power plants it visited that measuring machines had

often not been well maintained.

In gas turbine power plans like the Ray power plant located near Tehran, optimizing the
operation of many gas turbines installed - what gas turbines should be operated to achieve the 'highcst
cfficiency as a whole in a power plant, and how? - is considered one of the most imponant
countermeasures. The executives of the Ray power plant have alrcady started to consider this issﬁé_ in

collaboration with outside experts.
¢)  Measures in category 2

First, the following measures are recommended for boilers;

1)~ To prevent air leakages (to seal air pre-heater, for instance).
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2)  To improve the heat transfer element of the air pre-heater.

3)  To install equipment to decrease starting loss.

Sccondly, the followings are recommended for turbines:

1)  To install highly-ctficient .bl_ades. |

2)  To improve the operation system of turbine values. (In Japan,this measure is often taken
together with 1 above)

3) To install a cleaning device in the condenser. _

4)  To install a vacuum pump with the condenser instcad of a steam air gjector as an air

extraction device.

In addition, to adopt variable types of fans and pumps is one important measure for reducing

power consumption.

In diescl engine plants, adopting a co-generation system ( a combined heat and power system)

will enable the utilization of waste heat from diesel engines and therefore lead to energy conservation.

Finally, in gas turbine power plants, the installation of a hardware(computers and others) is

desirable to optimize the operation of many gas turbines.

d) Measures in category 3
Measures in this category are usually taken when existing machines and equipment are scrapped

at the end of their lifetime. There are two kinds of measures to be taken on such occasions.

_ One is the case in which more efficient machines and cquipment including boilers and turbines
are "bililt,"'althou'gh their basic processes have not been changed or revised. In steam power
gcncra.tion, the two options arc to install a high-pressure draft boiler for low Oy operation or to
introduce a variable pressure one - through boiler to increase its cfficiency when operating with lower

load.

‘In the Ray power plant, replacing gas turbines manufactured by a European manufacture with

more cfficient types is one way of inplcménting such a "scrap and build" measure which should be
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taken in the future,

Another casc is one in which already impfovcd processes are adopted fo the extent that finance,
land, fuels, and other related factors are available. The combined cycle is such an improved process
for thermal power gencration, and this has already been adopted in some electric power projects in the
Islamic Republilc of Iran. Fuel cells, which are forecast to be commerciatized five to ten years from
now, can play an important role as a power source - particiularly as a scattered source - because

natural gas will be fired in them (although the system is not for thermal power generation).
(iii) Technical potential of energy conscrvation in existing thermal power pfants

a) Mcasures in category 1
Well-organized data and information to show us the quantitative effect of measures for cnergy
conservation in existing power plants have not been available, Therefore, a quantitative approach

has been taken by referring to some examples available in Japan.

Table 5.17 shows the examples of cnergy conservation measures in cat'egory 1, the costs of
which are zero or negligible, and their etfectinveness in Japan. The scale and capacity factor of plants
are shown in the table as they are important factors determining the quantitative effect of energy

conservation in the plants.

It can be seen in the table that energy séved by the mcasures which were taken after "the first oil
crisis" is in the range of 0.069 - 0.829 (fuel oil equivalent) per mWh of power generated. Energy
saved by "Improvement in method for cleaning the condenser”, which proved to be the second most
cffective as seen in the table, is cquivaiént to 6.9 per cent of own consumption in the plants. And
"Optimization of time in cleaning the condenser” could save a large amount of energy. In boiler -

related measures, a large effect could be accomplished by those for air pre-heaters.

The effects (saved energy) total 4.954 1 per mWh if we add up all of them except for "Variable
pressure operation (2)" - this coniradicts with "Variable pressure operation (1) but others are not
thought to contradict with each other -- and 'fimprovemenf in air ratio" - the effect of which includes

that of measures in category 2. If this amount of energy can bc'actually saved, around two per cent of
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encrgy conservation will be achieved by the measures (Gross fucl rate was 249 lpcr mWh in 1992 in

I.R. Iran as mentioned alrcady).

In addition, it should be taken into account the fact that the measures in the table above would
be taken in the second or third stage, not in the first stage in category 1. In other words, we can
assume that there are many other measures which should be taken as c_lcnicntary or pfimary ones,

according to our observations during our visit to the power plants.

For instance, "Improverent in air ratio” in Table 5.17 partly includes measures in category 2
(including the replacement of the monitoring device) as well as those in"category 1 (including daily
monitoring and the exchange of burner tips in the boiler). In L.R. Iran, however, more elementary or
primary measures such as surveysto find out whether or nof there arc air leakages at the botiom,
corners, window - boxes, and doors of boilers, and sealing them if any lcakages are found (it is
expected that .many leakages will be found) should be carried out in the first stage of measures in

category 1,

Further, vacuum degree can be increased significantly in the condenser by more proper .
checking and maintenance. Data obtained when the study team visited the Montazer Ghaem, Tabriz,
and Ramin power plants - particularly those for the former two - suggests us that a Iarge_ amount of
energy (fuel oil) can be saved by iricreasing the vacuum degree in the condenscr (Table 5.18). In the
Montazer Ghaem power plant, the vacuum degree was 586mmHg (23.0 in.Hg) at the time of thc
visited in August 1993 while the designed level of the vacuum degree was 697 mmHg (27.4 in.Hg =
2.50 in. Hg abs) according to a plant brochure. If the vacuum degree is improved (mcrcascd) by 111
mm Hg, which is the difference between the designed and actual levels, 2.896 /mWh of fuel oil will

be saved.

This cstimate is made on' the assumption tﬁat if the vacume degrée is increased by 1lmmHg,
saved fuel oil will be 1,550 X 103 keal/h, which is equivalent to the amou_-nt of f_ﬁcl oil saved when a
vacuum degree of 697mmHg is changed by 1 mmHg in a turbine with a capacity of 375 MW (See
Figure 5.13). However, the amount of fuel oil saved is estimated to be much Iager than the flgurcs
above, considering the following two facts - turbme capac:lty at the Montazer Ghaern power plant i is 1

56 MW (much smaller than 375 MW) although any curve is not shown for the capacity in the figure;
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and each curve is going up to the right. In this regard, savings are estimated to be much closer to an
actual one in the case of the Tabriz power plant because its capacity is 387 MW and calculation is
made by using 1,400 X 103 kcal/h as the savings for the change of 1mmHg based upon the curve of

375 MW in the figurc. Anyway, we can conclude that increasing the vacuum degree to the designed

level will bring about a significant degree of energy conservation.

Table 5.18 Current Vacuum Degree In Condensers and Possible Saving of Energy in Three
' Power Plants Visited by the Study Team

Montazer Tabriz Ramin
Ghaem
Installed Capacity 156 (1972) 387 (1986) 300 (1979)
{Commissioning Year) 158 (1'9?2) 387 (1989) 300 (1983)
{MW) 156 (1974)
: 156 (1974)
Main Fuel - Fuel Qil Fuel Cil Natural Gas
Capacity Factor(1992) 72.0 . 53.3 64.6
(%) |
Gross Fuel Rate(*) {(1992)(A) 0.263 0.248 0.224
' (I/kwh)
Vacuum Degree in Condenser
{mmHg)
{1} Current 586 700 737
(2) Designed 697 N 724 T4T(*)
(3) (2)-(1) | 111 24 10
Possible Saved Energy (**){1992)(B)
(I/MWh) 2.898 0.812 n.a.
B/A x100(%) 11.0 3.3 n.a.

(*)i-fuei oil fkWh-power generated. Calorific Value of fuel oll is 9,500 kcalfl

{(**}Meaning energy which can be saved if current vacuum degree which was observed at the visit of
the Study Team isimproved to designed one.

{(**)Estimated

(Source)Anhual F{eport'of MOE:(.Peréian); 'Other_s
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Fig. 5.13 Changes in Fuel Loss duc to Changes of 1 mm Hg in Vacuum Degree

by Turbine Capacity
(X 10%kcal/m)
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Furthermore, it was cxplained when the study team visited the Montazer ‘Ghaem power 'plém_t
that the Teason why the pressure and temperature of steam were well below _thc designed levels was
the corrosion of water tubes in the boilers. If that is the case, fuel consur:hption' can be reduced by

improving the pressure and temperature through proper maintenance of the tubes.
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All of thermat losses shown in the above three examples cannot be recovered only by measures
in category 1 which do not require high costs. However, such measurcs can contribute significantly
to reducing the losses af least in the former two examples, that is "Improvement in air ratio" and
"Increase in vacuum degree in the condenser”. If we can make an cstimation bascd upon the actual
measures taken in Japan'and the present status of energy consumption in I.R. Iran, it dose not Scem
so unreasonable for us to conclude that measures in category 1 which do not reqduire high costs can

achieve 3 - 5 per cent of energy conservation in thermal power gencration in LR, Iran.

b)  Measures in category 2

The actual measures in category 2 and their effects in Japan are shown in Table 5.19.
"Improvementi in cfficienéy of turbine brades! is the most effective among the measures shown in the
table, by which 6.000 I/mWh of energy was saved, meaning 1 per cent increase in thermal efficiency.
It is also worthy of noting that this amount of saved energy is as large as half of total auxiliary power,

“and that it was accomplished at as low-a capacity factor as 38 per cent, as can be seen in the table.

This measure is followed by "Improvement in method for cleaning the condenser (to install
cleaning device)", by which 2.081 I/mWh was saved, equivalent to 12.8 per cent of total auxiliary
power. This measure, in which the cleaning method was improved by installing a ball cleaning
device, has the effect of energy conservation that, together with that of the measure mentioned above,

is a figure one place larger than even the largest in catcgory 1.

The. same thing can be said for two measures for boilers, that is "Cut in the temperature of
steamn at the outlet of the boiler" and "Cut in gas leakages in the air pre-heater (improvement in

sealing)".

If all measurcs in the table are irnplemcntcd in L.R. Iran, saved energy will total 11.882 [/mWh

and the gross fuel rate be reduced by 4.87 per cent.
c)  Measures in category 3

As mentioned already, there are two Kinds of measures in this category. The first is to introduce

more efficient machines and equipment which are basically of the conventional types or processes.
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Such a kind of boilers, turbines, generators, and others will be "built" when old, existing oncs are to

be "scrapped”.

Thermal cfficié;hcy in thermal power generation is 31.1 per cent in I.R. Iran, while that in stcam
power generation 38.8 per cent in Tapan (at the end of power .gencration and in 1992). From these
figures, we can conclude there is a wide ditference between thermal cfficicncy' in thermal power
generation in the two countries, despite the fact that there is a difference in the scale per unit of
thermal power gencration system between the two, and that power generated by gas turbines and
diesel engines accounts for one-third of the total in LR. Iran, whilc power generated in stcam power
plants accounts for almost all of the total in Japan, including that in plants of combined cycle system.
If we can conclude this, the first kind of measures in this category mentioned above will accomplish a

significant degree of effectiveness in energy conservation.

Secondly, if old and existing machines and equipment are "scrapped” and thosc of new
processes or types "built" after overcoming constraints including finance, land, etc., this will be

highly effective in terms of energy conservation.

In the combined cycle system fueled by natural gas, about 44 per cent of thermal efficiency has
already been accomplished in 1,100 °C class gas turbines, and the efficiency is forecast to increase to
about 47 per cent in 1,300 °C class gas turbines and later to about 50 per-cent in 1,5'00 °C class gas

turbines.

Introducing fuel cells utilizing natural gas can also contribute to increasing thermal efficiency in
power gencration, although fuel cells don't belong to thermal power generation. The thermal

efficiency is forecast to be higher than 50 per cent in some types of fuel cells.
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$5.2.2.2  Petroleum Refining
(i)  Present Status of Energy Consumption in Petroleum Refining

a)  Demand for and Supply of Petroleum Products

Demand for petroleum products increased from 5.7 million B/D in 1980 to 9.4 million B/D m
1991, Middle distillates - kerosene and gas oil (or diesel fuel oil) - account for a major part of ‘the
demand {54 per cent in 1991) (Table 5.20).

Petroleum products, mainly the middte. distillates, have been continﬁously imported although

the domestic production of petroleum products has been expanding since the end of the war.

b)  Petroleum refining

| Refining capacity (crude distillation) increased from 585,000 B/D in 1986 to 954,000 B/D in
1992. There were 7 refinerics as of the end of 1992, and the Arak refinery started partial operation
recently (Tablc 5.21).

¢) Own consumptmn of energy in petroleum refining
Petroleum refining is a process in which various hydrocarbon compounds in crude oil are
processed into fuels and othcr useful products. Main products processed i in pctrolcum refmmg are
listed below, from lightest to heavmst '
- Liquid Petroleum Gases (LLPG - ethane, propanc, butane, and others)'
- Gasoline (naphtha)
- Aviation jet fucl
- Kerosene
- Gas oil (Diesel fuel oil)
- Heavy fuel oil
- Petroleum coke

- Asphalt (Bitumen)

In addition, refineries often produce lubricants and petrochemicals such as ethanol, styrene,

cthyl chloride, butadiene, methanol, etc.
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Table 5.20 Production and Consumption of
Refined Products (' 000 b/d)

A-Production

1989 . 1880 1991
Gasoline 105, 2 118.9 -
Kerosene 4.5 82,6 -
Distillate fuels 196. 4 229, 2 —
Residug!l fuels 211.3 230.9 -
Others $5. 8 78.0 —
Total 653. 6 739. 6 853. 2
B-Consumption o

1989 1590 1991
Gasoline - 119.9 ; 131.0 148. 1
Kerosene 118, 3 129. 3 150. 6
Distiflate fuels 264.7 289.3 350, 1
Residual fuels 198. 5 216. 9 222.0
Others 77.1 84. 3 64.4_
Total 778. 5 850. 5 935.0

(Source) OPEC, Annual Statistical Bultetin 1991

Table 5.21 Refining Capacity (' 000 b/d)

Bxisting | 1986 1992 1994 | 1996(2)
Refineries : _ -

Abadan(1) ~ 1 260 390 500
Tehran, 200 220 240 240
sfahan 220 230 365 365
Tabriz . | 80 | 99 110 110
Shiraz 40 40 10 10
Kermanshah : :
(Bakhtaran) 25 35 35 - 35
Lavan | 20 20 20 20
Total | 585 954 | 1,200 | 1,310
New Refineries Arak e - 150 300
Bandar Abbas - Sl B 239 232
Grand Total i,582 | 1,840

(1) Destroyed during the war,

(Source) Arab 0il and Gas Directory, 1993
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There are four main processes in petroleum refining, which are scparation (distillation),

conversion (cracking), rcorganization (reforming), and finishing (treating).

In distiltation, the hydroéarbons in crude oil are separated from one another. The heated crude
oil is fed into atmospheric: distillation columns (towers) where it is broken down into its constituent
hydrocarbons on the principle that the various hydrocarbons boil at different temperatures, and then
the lighter fractions of separated hydrocarbons are sent to wvarious conversion and finishing
processes. The heavier high-boiling-point products are sent to a vacuum distillation unit for further

separation where they are broken into fuel oil and asphalt, lubricant, and other fractions.

Cracking is used to convert beavier, lower-value hydrocarbons into lightcr higher-value ones.
Catalitic cracking is used to convert intermediate dlstlll'lte‘; (cqulvalent to kerosine and gas oil} into
gasolmc Hydrocraking is used to convert hlghly aromatic hydrocarbons, which severely degrade the
catalysts used in catalytic processcs, into hlgh—octzmc gasoline and awat:lon jet fuel. Finally, the
thermal cracking method is used to convert low-gradé residual oils into gasoline, gaS oil, and coke,
and to reduce the viscosity of heavy fucl oil. More specifically, gasoline, gas oil, and coke are
produced from vacuum residues (asphalt and heavy fuel oil fraction) by the cokmg method, and the

viscosity of heavy fuel oil is reduced and gas ol is produced by the VISbleakmg method.

Reforming, an extension of the cracking process, is used to ralse the octane number of
gasolinc. Octane ratings are enhanced by rcorgdmzmg hydrocarbon molecules, principally by
changing their structure. Reforming can be accomplished by the thermal method but catalytic
techniques have made them obsolete. Alkylation, isomerization, and polymerization processes are

those belonging to catalytic reforming.

Finally, treating processes are used to remove detrimental components from petroleum

fractions. Hydrotreating is the most widely used finishing process.
The next question is the proportion of energy (fuel) used in the main processes mentioned

above. The proportion of energy (fuel) used in the petroleum refining processes varies from one case

to another, as Dr. P. Schenk of Royal Dutch Steel Group made his proposal in the late 1960s that a
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proper or appropriate amount of "energy consumption and loss" should be calculated in order to
promote cnergy conscrvation in refineries because, for instance, fucl used in crude oil distillation was
25 per cent of the total in one refinery and 80 per cent in another as mentioned later. The share of

electricity is usually very small (Oil and Gas Intcrnational, March 1968).

Generally, less energy is used in distillation and more in cracking and reforming in the U, S. .
According to a study done by the Office of Technology Assessment, the U.S. Congress, distillation
accounts for 23 per cent of the encrgy used in refining, Of this, atmospheric distillation accounts for
16 per cent, and crackiiig accounts for 13 per cent, reforming 30 per cent, treating 17 per cent, and
others 17 per cént ("Industrial Energy Efficiency", August 1993). The share of distillation here is

closc to the smallest figure which Dr.Schenk mentioned in 1968.

- On the other hand, the weight of distillation process is gcnera[ly higher in th'c. composition of
refining processes in I R. [ran, as we'can sce in refineries which are not equipped with other
facilities than crude atmospheric distillation units, like in the Kermanshah and Lavan refineries.
Although detailed data are not available, distillation can be estimated to be larger and cracking and
reforming sma}k_:r in I. R. Iran than in the U. S. in the composition of energy consumed in each

process of refining.

Now, let's look at the shares of types of energy input into petroleum refining. Table 5.22
shows the shares of fuel inpuf (liquids, gas, and solids generated in a refinery are usually used as

fuels for in-house consumptidn) and cleétricity bought. The share of fuel is very large, and can be
comi)arcd with the Small share of _électn'city '(1 ~3 per cent) in Japan, while electricity accounts for
about 10 pef cent in the US or in the Shell group. While there is a difference in the share of
electricity, it is cdm:tﬁon in all cases that the share of fuel is as _high as 90~99 per cent. 55~70 per
cent of energy consﬁméd as fuel is used in heating fumaces which generate process heat used in
distillation, cracking, and other processes. And 25~45 per cent is used for generating stcam which is

supplied to steam-driven facilities including turbines and generators.

Around half or more of energy generated by fuel is lost for cooling products in the final stage of

rcfining. About 50 per cent is lost for cooiin'g produéts in the case of a refiﬁcry in the U.S. shown in
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Table 5.22 above, and the share is reported to be nearly 60 per cent in the case of a refinery in Japan
(ECCJ "Annual Report 1982"). Accordingly, it is very important from the viewpoint of cnergy
conservation for refineries to reduce such heat loss as much as possible through improving and

reinforcing the method of heat recovery.

d)  The specific energy consumption in refineries (in-house consumption and energy loss per unit

of crude throughput)

The study team visited the Tehran and Tabriz rcfinericé among the refincrics shown in Table
5.21. Data given fo the tcam show that in-house consumption and energy loss was 7.2 per cent of
crude throughput in the Tehran refinery (in janﬂary, 1993), and 8 per cent in the Tabriz refinery (the
latest figures as of the visit in July, 1993).

In addition, in-house consumption and energy loss in all refineries in I. R. Iran was 8.0 per

cent in 1989 and 6.2% in 1990, according to the International Energy Agency's statistics,

The proper or appropriate rate of in-house energy conSumption in petroleum refining depends
upon the composition of refining facilities. As mentioned in ¢) above; the rate of in-housc energy
consumption is usually higher in the U.S., where a higher share of cracking and reforming capacitics
- the latter in particular - in total refining facilities is characteristic comparéd with refineries where the
weight of distillation is higher. What is more, in-house energy consumption is largcf in refinerics
which are installed with anti-pollution devices such as de-sulphurization and other units, as can be

seen very often in Japan.

Looking at the composition of facilitics or processes, the proper rate of in-house cnergy
: consumptioh is thought to be gencrally lower in L.R. Iran than that in the U.S. and Japan because the
weight of distillation is larger in LR. Iran, as mentioned above. In this connection, in-house

consumption is 5 per cent in the U.S. and 6.3 per cent in Japan, according to IEA (in 1990).
Some méthodbiogics' for estimating the proper in-house consumption in refineries has been

developed for the purpose of accelerating energy conservation. According.to a methodology using the

concept of "the complexity” of petroleum refineries, the proper rate is estimated at 5 - 6 per cent in the
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Tabriz refinery, and about 5 per cent as the average in all refinerics in LR, Tran (Note).

(Note)  The methodology using the concept of "the coinpl_cxity“ was introduced by W.L.
Nelson (Oil and Gas Journal, March 7, 1975 and other issues). Among others,
 there are "Refinery Energy Factor" which was dcvcloped by W.P, Thomson, pzuﬂy
depending upon W.L. Nelson (Oil and Gas Joumal,'January 2, 1978), "CEL
Index" which was developed by P.Schenk as mentioned already, and "Energy
Guideline Factor" which -was used by the EXXON Group of companies
(Procecdings of the Tenth World Petroleum Congress, 1979).

(i) Measures for Encrgy Conservation in Existing Facilitics

As mentioned on measures for encrgy conservation in thermal power generation, it is necessary .

for us to confirm the main targets for measures in petrolcum refining.

First, it is important to maintain a proper air ratio in heating furnaces and boilers for the efficient

combustion of fuel for generatihg process heat and steam.

Secondly, another very important measure is to recover heat as much as possible in the process
of cooling products where around half or more of eﬁcrgy génerated by fuel is lost. It is necessary to
cool products at the final stage because they still hold much heat after finiéhing a series of refining
processes and ‘Lhcﬁ temperature is too high to be sent to storage tanks. Water coolers or air coolers are
_instalied as heat exchangers. To recover heat which will otherwise have béen lost in the cooless is the

purpose of this measure,
~ Thirdly, the efficient utilization of steam, prcvention of air leakages, and recovery of
condensate as much as possible arc measures which can bring about a high rate of energy

conservation.

Fourthly, it is recommended that machines and equipment are well insulated in order to prevent

heat loss for process heat as well as steam.
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Finally, recovering energy in the form of gas -~ recovery of off - gas and recovery of heat from

waste gas -- should also be noted.

These measures are usually taken step by step in existing plants -- first, proper operation and

maintenance, and then, improvement in machines and equipment (conversion, addition, ctc.).

Tracing experiences on "Improvement in air ratio" as an example in Japan, the first step was
proper znbnitOring or measuri'ﬁg. Since this is done using an analytical device, installation or repair
will be nceessary if this device is not installed or is out of order in the plants in I. R. Iran. The next
step was controlling air supply (it is the work of the operators to control damper, air register, others
by hand), and preventing air leakagcs. '(For this purpose, materials such as aluminum tape, asbestos
yarn, etc. arc used. The installation of stopcocks on burners as well as the improvement check-
windows are also necessary). After taking these measures mainly in category 1, low Oz burners, the

automatic damper control system, and others were introduced.
The followings are main measures, classificd into three categories.

a)  Measures in category 1
The follﬁwin_gs are recommended as countermeasures in this category in existing rcfineries:
(1) Furnaceand boiler efficiency improvements through improved control and maintenance,
including cheéking and adjusting their fucl/air ratio,

{(2) Heat contamment with improved insulation,

3) Steam system improvements including repairing lcaks and traps, reducing consumptlon
and recovering condensate.

(4y ()peraﬁnnal improvements on existing equipment such as cutting back on distillation
“column reflux Tates. '

B) _Shutdéwn of some operations such as power—consu'mi.ﬁg devices when not needed.

(6) Better heat recovery through a prograin of monitoring and cleaning heat exchangers.
b) Méa'sureé in category 2

The followmgs are recommended as measures in n this category:

"(1) Improved heat - mtcgratmn 1nclud1ng waste heat recovery from process - steam, heat
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2)

©)

)

)

(6)

Q)

()
&)

exchanger Optimizétion, and distillation optimization

- To install heat ckchangcrs in the atmospheric distillation unit, catalytic cracking unit, and .
others _ _ |
Imprdvcd furnace cfficiency inéluding combustion air preheating and steam generation

~To install a waste heat boiler with the heating furnace in the atmospheric distillation unit,
vacuum distillation unit, and others

“To install an air preheater with the furnace in the atmospheric distillation unit, and others
-To install an improved damper with the furnace in the atmospheric distillation unit,
vacuum distitlation unit, and others

Heat containment with additional insulation including insulation on tank as well as

‘equipment and piping

Heat Tecovery from condensate and waste steam
Energy recovery from high-pressure or high-mass flow streams by using power rccovery

turbines and gas expanders

‘Use of high-efficiency rotating equipment

~To install an inverter system in the atmospheric distillation unit, and others

Use of lower-quality fuels such as by-products

-To install a gas holder in the refinery

Proper mana gcmcnt of water rccycle streams

Reduction of pressure drop in critical circuits including lines, reaction beds, furndces

columns, and heat exchangers'

¢)  Measures in category 3

One of the most important measures in this category is to install facilities which convert heavy

fractions to middle distitates. The installation will contribute to increasing the supply of kerosene

and gas oil as well as to rcducing the surplus of fuel oil in the Islamic Republic of Iran.

(iii) Technical Potential of Encrgy Conservation in Existing Refineries

After "the first oil crisis”, measures for energy conservation wete. takcn rapidly .in many -

~ industries including petroleum refining in industrialized countries. These measures mvolvcd mamly

the proper maintenance and operaiion of machines and equipment in the first stage, then gradually
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shifting its focus to the conversion or addition of machines and cquipment. Here in this scction, the
cffectivencss of measurcs for cncrgy conservation arc estimated quantitatively by referring to

experiences in Japan and other countrics.

According to a survey made by the Petroleum Association of Japan (PAI) in 1979, in-house
cnergy consumption in refineries was decreased by 16 per cent using measures in category Land by 7

per cent using those in catcgory 2 (Table 5.23).

Encrgy saved by measurcs in category 1 totaled 10! (fucl oil equwalent) per 1 kl of annual crude
throughput However, since the cffects which were dccompllshcd by measures faken in 1974~75
were not included in this table, it can safely be said that much more were accomphqhecl actually
during the five years from 1974 to 1978. In addition, the mcasures taken were mainly those whose
costs were nil or negligible. Finally, energy saved by measurcs in category 1 accounted for 82 per

cent in 1976, 70 per cent in 1977, and 63 per cent in 1978, being larger than that in category 2.

Measures in category 1 which were highly effective during the period from 1976~1978 are as
follows (Figures show the effects in 1 - fuel oil/kl - crude throughput): '

(1) Control of O2in heating furnace 2.8
(2) Improvement in storage tank insulation 1.0
2y Rationalization of steam system _ | 1.0
(4) Improvement in balance of plant operation 0.8
(5) Reflux rate cut 0.6
(5) Recycle gas rate cut 0.6
(7) Improvement in operating conditions 0.4
(7) Injected steam control ' 0.4
(9) Improvement in heat exchanger cleaning metnod 0.3

(10) .Impmverhent of operation temperaturc and reaction pressure 0.2

Encrgy saved by measures in category 2 was 4.6 1 (fuel oil cquwalent) per 1 ki of crude 011
throughput for the period from 1976~78 wh:ch was less than half of that in category 1. However,
as mcntloncd for measures in category 1, energy saved by measures in category 2 during the period

from 1974~75 is not included in the table. In addition, measures in this category were taken on a full
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scale after this period..

' Among measures in ‘category 2, the following arc thosc which had a large cffect in energy

conservation (The unit used is the same as that for measures in category 1).

(1) Installing heat exchangers and improvement in their arrangements 0.5

(2) Efficient use of steam _ 0.4
(2) Ozreduction in heating furnace 0.4
4) Installiﬁg steam gcnefator B : 0.3
(4) Improvement in balance of plant operation o 0.3
(4) Reinforcing insulation : 0.3
(7} Recovery of dff—gas : _ | 0.2
(7) Better functioning of steam trap : 0.2
(7) Recovery of hydrogen gas : 0.2
(7) Improvement in controlling method . _ 0.2

Reporis on expcficnci:s on energy conservation other than the survey complied by PAI have
been issued, as indicated below. The first is the annual survey published by ECCJ, which shows

that refineries in Japan could save energy by 9~15 per cent by taking measures in category 1.

The second is a report on encrgy conservation in the U.S., which concluded after having
conducfed encrgy audits at refinéries of a certain company that a goal of 10 to 15 per cent in energy
saving:based on 1971 total consumption was considered fcasible in the next four to five years. By
early 1975, it had reached about two-thirds of the goal, largely as a result of measures in category 1

(Source is the same as (3) in Table 5.22).

The third is a teport preparcd by the Shell groﬁp, saying that around 20 per cent of encrgy
conservation was achieved in its 33 refineries cxcept for those in North America during the period
from 1972 to 1980, and that more than half of it was accomplished by such measures as sufficient

management and reinforced maintenance (Source is the same as (4) in Table 5.22).

Experience in Japan and other countries above show that in-house consumption and energy loss
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in refinerics were reduced by 7~15 per cent by taking measures in category 1, and by 3~8 per cent by
those in category 2 for a few years after "the first oil crisis”. It is ncedless to say that even ifa10 per
cent reduction were achieved using. one measure in one: case, it docs not mean that the same measure
will have the same effectivencss in another. The measures taken will vary in content and intensity,
and the specific energy consumption in the refineries, before the measures are actually taken, will also

differ from each other.

Despite such consideration, it is thought to be correct in concluding that the effect of measures
in a certain range would be much larger in L.R. Tran than in other countrics As mentioned already,
sufficient maintenance and rehabilitation have not been carried out on machines and equ1pment in this
country because of the war and the shortage of foreign currency, and. this is one of thie main reasons _
why we made the above conclusion. The temperature of waste gas from boilers can lead us to
conclude that in-house consumption of energy in refinerics is much. larger in [,R. Iran that in Japan
and other industrialized countries. The actual temperatures arc shown below, -although guidelines for

the operation of refineries indicate that the proper temperature is around 120~ 150°C in these facilitics.

(At the outiet of) o (Tehran) (Tabriz)
Hcatmg furnace at atmospheric distillation unit 480°C - 340°C
Hcating furnacc at vacuum distillation unit 480°C 460°C -

Boiler : _ 260-370°C 260°C

Therefore, if the same measures in category 1 as those taken in Japan during the period from 19
74-78 aze also taken in I.R. Iran, it is highly possible. the effectiveness: of the measures is larger than
the 10 1 (fuel oil equivalent) per 1 kI of crude oil throughput that was achicved in Japarn. ASSUming
that current in-house consumption is 60 1 - fuel oil/ki - crude throughput and 10 1 of fuel o0il can be

saved by measures in category 1 in LR. [ran, the rate of energy conservation will be 17 per cent.
The rate of energy conservation will be 8 per cent in the case of measures in category. 2 using

the same calculation. Accordingly, it can'be said that about 25 per cent of energy conservation can be

achieved by taking both measures in category 1 and 2 in petroleum refining in LR, Iran.
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5.2.3 Road Transport Sector
5.2.3.1  Mceasures for Energy Conservation in the Road Transport Sector

There arc many measures for encrgy conservation in road transportation, including those aimed
toward each vehicle as well as those concerning infrastructure for road transport. Here, measures
taken toward the improvement of vehicles, vehicle maintenance, and improvement of road

transportation systems will be described.
(i) Measures taken by Manufacturers using Automotive Technologies

Energy conservation using automobile technologies have been undertaken by automobile
manufactures in industrialized countries from the stahdpoint of fuel consumption and, recently, of

cnvironmental protection.

a)  Improvement of Gasoline Cars
It is common to use gasoline engines in passenger cars. Many technologies for reduction in
fuel consumption have been developed. Recently, this necessity has been increasing due to

environmental pollution by carbon dioxide.

Fig. 5.14 shows the change in fuel consumption by gasoline cars by ycar, and it shows there
hdS.bBEI] less improvement in the recent years. Thefeasons are that every available technology has
been employed and automobiles have therefore become hcavy due to the addition of equipment for
safcty and comfort, The current technologies used for reduction in fuel consunptlon are shown in
Table 5.24. Diesel engines are listed in the table, because diesel engines have better performance in
fuel consumption than gasoline engines; dicsel engines will improve fuel consumption by 40 - 50% at
low speed and 20% at the speed of 120 km/h in comparison with gasoline engines. However, diesel

engines create problems of environmental pollution that gasoline engines do not.
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Fig. 5.14 Transition of Fuel Consumption of Gasoline Car

b)  Improvement of Diesel Cars _

Dicsel engines are commonly employed in buses and trucks because of their rate of fuel
consumption and durability Technologics for improvement of fuel co.nsun:lption in dicsel engines
have been dcveloped as well as in gasoline engmcs Fig. 5.15 shows the .changcs in fuel

consumption in dicsel engines.
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Fig. 5.15 Transition of Fuel Consumption'of Diesel Engine for Automobiles

(Source)} I. of Traffic Engineers
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Technologies for improvement of fuel consumption in diesel engines will be introduced in the

future,

(1) * Reduction in Heat Loss. _
Main causes for heat loss are in the exhaust gas and cooling water. The cxhaust gas turbo
charger is an cquipment for the effective use of the exhaust gas. In addition, the charger
enhances the power of the engine. For reduction in the loss of cooling water, devices for

- controling cooling fans and cooling water pumps have been improved.

(2) Effective Use of Energy on Brakes-
Since the inertial energy of brakes on buses and trucks is large, that energy can be clectrically

reused.

c)  Use of Altemative Fucls
Some countrics inclﬁding the industrialized are trying to use alternative fuels instead of gasbline
and diesel fuel oil for the. conservation of energy and prevention of pollution. Fig. 5.16 shows the
relationship between energy and autorﬁobi[es._ Improvcmcnt not 6nly of alternative fuel-driven
auto_mé)bilés but atso of infrastructure such as fuel supply systems will be essential in the promotion
" of the usage of alternative fuel-driven automobilcs. |
~ From the starﬁdpo_int of energy conservation as well as environmental protection, the usage of
ehérgy that docs not yield carbon dioxide upbn both production and consumption is desirable. Fuels
that meet this condition are hydrogen produced from non-fossil fucl sources, biomass, and electricity

produced from non-fossil fuel sources.

(1) Electric Vehicles
Nowadays, electric vehicles have been partly put into practical use in industrialized
countries. Hocher, they ‘are far from widespread use due to their performance and
price. There is a regulation in California in the U.S. that requires 2% of new cars be
electric vehicles during 1998 to 2000, 5% in 2001 to 2002, and 10% after 2003.

(2) Natural Gas Vehicles
The driving range of natural gas vehicles is one third or onc fourth of gasoline vehicles,

but the same technologies as the gasoline engines are applicable to the natural gas
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engines, In some countries where natural gas is produced, the natural gas vehicles have

been used since the 1930's.

!

(3) Hydrogen-fueled Vehicles
Since it is difficult to store hydrogen, the hydrogen- fuclcd vehicles are still in the Tescarch
phase.
(4) Methanol-fucled Vehicles _
Methanol is in liquid form at normal temperature. Thus, one advantage of the methanol-
fueled vehicle is that its chassis and engine. structure are similar to that of gasoline and
diesel vehicles. Tts driving range is currently half that of the gasoline vehicle, but.
cxperimcﬁts for practical use have becn conducted in industrialized countries.
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Fig. 5.16  Relations between Energy and Automobiles
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Table 5.24 Automotive Technologies for Fuel Efficiency
Parts Details Examples
Engine Improvement of Improvement of Optimization of Swirls
’ Thermal Efficiency Combustion Chambers Increase in Compression Ratio
Use of Multi Valves
Optirization of Port Shapes
Variable Valve Timing
;
Optimization of Lean Bura
Mixing Ratio and {gnition Timing Electronic Fuel [njection
Elecironic Spark Advance
Improvement of Carburetor
Improvement of Measures for Exhaust Catalytic Converter Rhodium
Use of Diesel Engines
Reduction of Loss Lightening and Reduction of Lightening of Pistons and Vatves
of Friction on Moving Paris Yariety of Engine Oil
’ Use of Two Piston Rings
Reduction of Loss in lmprovement of Fans
Auxjliary Equipment Electric Power Steering
Miscellaneous Reduction of Idling Rotation
Fuel Cut 0‘{'1 Braking
Resistance Lightening of Vehicles Use of FF
due io g
Acceleration Use of Light Malerials Use of High Tension Steel
Use of Plastics for Bumpers
Use of Aluminum Cylinder Blocks
Ligh(cning of Use of FF
Power Train - -
Use of Light Materials
Ruaning Improﬁemen: af Use of Radial Tires
Resistance Rolling Resistance -
Improvement of Wheel Bearing
Improvement of [mprovement of Body Sﬁapes Use of Flush Surfaces
Air Resistance : Use of Spoilers
Loss in Transmission

Power Train

Use of Lockup in Automatic
Transmission :

‘Manual Transmission of Five Speeds

Electronic Automatic Transmission

Continuously Variable-ratio
Transmission

Differential Gears

Use of FF

Air Conditioner

Optimization ‘of Loads on
Power Train '

Two Way Control Modes
Variable Capacity
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(i) Measures involving Vehicle Maintenance by Uscers

a) Maintenance of Vehicles . N _ _
Measures for energy conservation that users can practice in vehicle maintenance arc as follows:
- engine oil exchange at proper intervals; | '
- adjustment and cleaning of ignition plugs;
- cleaning of air cleaners;
- maintenance of batterics, and

- proper air pressure of tires.
b) Driving of Vehicles

Fuel consumption also depends largely on the way. the vehicle is driven. Table 5.25 itlustrates

thc ways in which cnergy conservation can be achieved and their effects.

Table 5.25  Driving Method for Fuel Efficiency

ltems - . ) ' ”Fue!' Consumb[ion(l’assenger. Car of 2 | engine)
Do not start your car with large acceleration 100 ce/10 tmes

Do not accelerale your car abruptly 50 cc/10 umes

Do not load your car with unnecessary stuff 80 cc on mun of 50 km with stuff of 10 kg
Do not rev up while stopping 50 cc/10 times

Do not leave the engine idle . 200 cc/10 minutes

Make a route plan to &our destination beforehand 5(}0. cc on stray ddving for lO'minﬁtcs

Run at a fuel-éfﬁciem speed -(40-50 km/h on urban.

sueets; B0 km/h on expressways)
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(iii) Mecasures involving Automobile Traffic

Measurcs-involving automobile technologies and ways of driving have been described, but the
most effcclive means of energy conscrvation in toad transportation is the elimination of traffic
congestion. Fig. 5.17 shows the relationship between average speeds of vehicles and fuel
consumption, It shows that the fuel effic_iency is'pmportional to the average speeds when the speed
is slower than 60 km/h, and the best fuel efficiency is achicved when the speed is between 60~80
km/h, The figure also iliusiratés that fuel consumption is improved by 3% every increase of the
speed by 1 km/h when the speed is slower than 60 km/h. Nowadays, West Europe, North' America
and Japan have been developing information systems for automobile traffic as national projects
whose purpose is the reduction of traffic congestions, energy consumption, aﬁd the promotion of

cnvironmental protection,
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Fig. 5.17 Relations between Fuel Consumption and Average Speed
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Here, systems for automobile traffic that have been employed or will be installed in the near

future in developed countries are described.

a)  Increase in Road Capacity _
It is needless to say that traffic congestion will be eliminated by the construction of new roads.
However, what should be pointed out is how the present roads can be used more efficient. The

following methods are implemented in industrialized countries including Japan.

1) | Improvement of Present Roads

- Organization of Road Networks

- Widening of Roads o

Larger road capacity will be realized by increasing the mimber of lancs on widened roads.

- Elimination of Road Bottlenecks

Intersections are where traffic congestions usually tend to occur, and 80 the impfovcment of
intersections will decrease traffic congestioﬁ. In particular, the installation of right-turing lanes (in
Japan) or lcft-turn.irig lanes (in I.R. Iran) will not block the traffic that ié trying to go 'st.raight through
the intersection. Construction of bridges at large intersections to avoid tuming using same lanes will
also eliminate congestion. The installation of an additional lane for vehicles driving at slow speeds

along ascending roads will also prevent congestion.

(2) Improvement of Automobile Traffic Management

- Efficient Use of Existing Roads _

The installation and improvement of traffic signal control systems and traffic information
boards will decrease traffic congestion. The installation of reversible lanes, which involves the
‘shifting of the center lines on roads with mﬁlti lanes depending on traffic volume during rush hours,
will increase road capacity. The construction of parking lofs will decrease illegal parking that obstruct
a smoath traffic flow. | '

In Japan, measures for a smooth traffic flow were installed éioﬁg 72 routes Coﬁﬁpri_sing a total
length of 1,783 km in 1991, The measures included synchronization of traffic signals, optimal
tuning of traffic signal parameters, installation of lanes for right and left turnings, Table 5.26

itlustrates the effectiveness of the measures.
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Table 5.26 Effects ot Smooth Traffic Flow

: Eifects -
Items ;
] Before Installation After Instatlation Fmproveément
Travelling Time (per 10 km) 16 min.9 sec. 14 min.db sec. 92 %
Stopping Times (per 10 km) 4.75 times 3.77 umes 207 %
Road Capacity 1603.8 veh/h 1710.6 veh/h 6.7 %

- Improvement of Utility of Public Transportation Means

Improvement of squares in front of stations, construction of parking lots for park and ride
systcms and mqtallatlon of bus information systems such as bus locating systems will case the usage
of buses and trains. The installation of bus priority lanes may become an incentive the usage of
buses. _ _

© - Use of Advanced Technologies _

Automatic toll collection on expressways, which the U.S. and Hong Kong have aﬁeady

employed, will decrease congestion at toll gates. Rational management of freight will decrease traffic

volume of trucks.

b)  Management of Traffic Demands
“The managerment of traffic demands to decrease traffic volume is as important as increase in
traffic capacity. The followmg measures have been put mto practical use in developed countries

including Japan.

(1) New Idcas for Use of Automobiles

- Increase in Transportation Efficiency

Ride shanng such as car pool and van pool will decrease the numbers of automobiles. Tn the
U.Ss., there are lanes on freeways exclusively for cars with 2 or 3 passengers. Optimization of routes
and locations of buses énd trucks will increase the efficiency of this system.

- Time Leveling of Traffic Demands

Introduction of flextime will feve! the rush hours. Leveling of day-offs will also level the traffic

demands.
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(2) Introduction of Appropriate Usc of Automobiles

- Construction of Cities with Light Traffic Loads _ _

Construction of citics where working places and residential areas are close togethcr will
decrease traffic demands. _

A city in Brazil is a good example. Curitiba, the capital of the state of Paran in southeastern
Brazil, prevents fuel waste and traffic congestion by excellent city planning. Radial express lines
seserved exclusively for buscs interconnected by interdistrict lines shorten the distances between the
working places and residential arcas. As a result, the city enjoys onc of the highest rates of motor
vehicle ownership per capita and one of the lowest rates of fuel consumption per vehicle in Brazil,
The citizens use buses for routine urban travel.

- Introduction of Cost Loading

Introduction of road pricing systems which impose on automobiles coming into th_c'city center
will decrease tfaffic volume in the centers. -Singapore has already intreduced the road pricing system.

Some citics in West Europe, where streets are not wide enough, are planning its introduction.
(iv) Intelligent Vehicle-Highway Systems

In Europe, North America and Japan, projects have beeén undertaken or planned to provide
solutions to the automobile traffic issues of accidents, congestion and pollution. As found in
PROMETHEUS (Programme for European Traffic' with Highest Efficiency and Unprecedented
Sa.f.cty) and DRIVE (Dedicated Road Infrastructure for Vehicle Safcty in Europe) in Europe, IVHS
(Intelligent Vehicle-Highway Systems) in North Amcﬁca,-aﬁd some projects in Japan, their purpose
is compatibiiity. of both safety and efficicncy of automebile traffic systems by equipping automobiles:

and roads with intelligence by means of electronics and information processing technologies.

In IVHS projects of North Amcn’ca; the process of system development is'defined as follows:
First, ATMS (Advanced Traffic Management Systems) including traffic signal control systems are to
be materialized, then ATIS (Advanced Traveler Information Systems) including ﬁavigation systems
will be infroduced, and finally AVCS {(Advanced Vehicle Control Sy:stems). including driver

assistance systems and automatic driving systems will be deve]_opcd.
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Traffic signal control systems have alrcady been instatled in many cities to yield much effect in

traffic safety and cfficiency.

- Navigation systéms that do not Tequire infrastructure have already been put into practical use.
Experiments of route guidance systems with real-time traffic conditions in cooperation with
infrastructure were conducted in Japan and Europe, and the results show that the systems are
effective in cnergy conservation. Such systems will be put into-practical use in the near future, but

they require a tremendous amount of initial investment.

Automatic driving systems are still in their rescarch phase now. Only small parts of the driver
assistance sy’stemé are currently in practical use. As the automatic driving system has many features
as shown in Table 5.27, it has required much research work to be done, but mzmy problems even in
the field of technologies still remain unsolved. It will be long before the automatic driving system can

put into practice.

Table 5.27 Features of Automatic Driving
: Effects
Features of Automatic Driving
' Increase in Safery Decrease in Cosgestion Energy Saving /
‘Eavironmental Protection
Early Delecr.idn and Operation Prevention of Accidents Driving with Small Gaﬁ on Etimination of Congestion
: Narow Lane

Prevention of Delayed Start

Eliminaiion of Human Errors .| Prevention of Accidents - Prevention of Coaugestion due
: to Human Behavior

Certain Operation Prevention of Accidenis Prevention of
. ) Unnecessary Acceleration

Elimination of Effects of o ) Prevention of Coogestion due | Prevention of

Psychology of Drivers . 1o Human Psychology -] Unnecessary Accelecation
Controllability of Individual ’ Driving with Small Gap on Elimination of Congestion
Vebicles : Naurow Lane, -
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(v) Modal Shift

The shift of transportatibn means of passengers from cars to public transportation means such
as buses and railways or of cargo from trucks to railways is called a modal shift. Modal shift can be

an effective way of energy conscrvation.

in 1977, the Federal Burcau of Budget of the U.S. investigated the relationship between encrgy
and urban transportation means including modal shift. - Table 5.28 shows a comparison of energy
consumption between urban_traﬁSportation means. The results are not necessarily applicable to
individual cascs, because the analysis was based on the "a%)éfage concept,” but it does indicate that

railways are not necessarily energy-effective.

Table 5.28 Comparison of Energy Efficiency of Urban Transportation Means in U.S.A.

Transportation Means Operaziona.l Encrgy Line Haul Energy(l) Modal Energy(2)
[cal/capita km] "| [calfcapita kmj - feal/capita km]
Passenger Car{onc passenger) _ 1723 2227 2227
Psngr Car{mean productivity) ) 1231 B 1391 ) 1591
Car Poot 575 742 |- o ' 853
Van Pool(3) 244 _ 316 | 379
Dial-a-Ride(4) 1517 1928 2698
Heavy Railways(old) _ . 308 485 | . 625
Heavy Railways(new) 560 _ . 3| 1030
Commuter Railways 411 433 ) 786
Light Railways 587 ' ' 670 | - 792:
Bus - 409 @2y © 481
Noie

(1) Line iaul energy is a sum of operational <nergy and energy for production; construction, and mainienance of vehicles
and infrastructure. : - S ' '

(2} Modal energy.is a sum of line haut energy and energy for access and detour.

(3} A ride sharing system with a van of a capacity of 10-12 passengers thal employers lease their employees within a
same residential area to drive by themselves, ' .

(4) A ride sharing system with taxis responsive "0 telephone calls under public operation.

(Source) U.S. Federal Bureau of Budget.
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Table 5.29 shows energy cfficiencies of urban transportation means in Japan. There are
differences from those in the U.S. shown in Table 5.28, This is because the cfficiency of road
transport in Japan is 2~2.5 times as high as in the U.S., and the efficiency of railways in Japan is
4.8~6.4 times as high as in the U.S. In Table 5.29, the cost for access to railways arc taken into

account.

Table 5.29 Energy Efficiency of Urban Transportation Means in Japan

Mean Trips for Urban Commming Teips by Less-Crowded Railways

fkcalitrip} fkealftrip]
Raitways Only _ - . 2408 ] 3612
R_ailways + Rouwle Bus o 3387 4591
Railways +Passenger 5674 7 6873
Car o - - -
Raitways + Taxi N ) " 9654 10858
Route Bus Only 6566 6566
Privaie Bus Only - _ 3496 3495
Passenger Car Only _ 22070 22070

(Source) Expressway and Automobiles, 1978
5.2.3.2  Technical Potentials of Energy Conservation
(6] | Maintenance and Driving of Automobiles

Campaigns to arouse automobile user awareness on the necessity of routine maintenance and
about driving niethods are measures for energy conservation that could be carried out at the present
time. If will be also necessary to teach drivers to observe traffic rules and driving manners. For
example, drivers should. leamn that illegal parking will decrease the road capacity significantly; and

 that it will be a cause of congestion.

It is estimated that maintenance of cars in Tehran is not sufficient due to a lack of parts and

mechanics. Ho'Wever,' a campaign to teach drivers about driving methods to achieve fuel efficiency
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will be one of the most effective and practical measures for energy conservation.
(i) - Automotive Technologies by Manufacturers

a)  Measures involving Improvement of Gasoline Cars and Diesel Cars

chhﬁoiogiés for cnergy conservation by improving gaseline cars and diesel cars have become
widespread in industrialized countries. Therefore, the introduction of modern gasoline cars and
dicsel cars will have an effect on encrgy conservation in I.R. Iran in the short term (by 1999) as well -

as the long term (2000-2021).

Estimating the lifespan of passenger cars in Tehran, they can be categorized into 3 groups:
within'10 years, between 10 and 20 years, and between 20 and 30 years. The propottions of cars
belonging to each category are 20%, 50% and'BO%, respectively. As shown in Fig. 5.17, modemn

cars probably have at least 30%'h'ighcr fuel cfficiency than the average car in Teheran.

b) Use of Alicmative Fuels

Concerning the introduc_:tiori of alternative fucl-driven cars, it will be possiblc':to introduce
natural gas vehicles in the near future in arcas where natural gas is produced. Since Iran produces
natural gas and its reserve is estimated to be large, it is possible that natural gas vehicles will be

employed as a short-term measure.

It will be long before vehicles driven by alternative fucls other than natural gaS can be put into

practical usc.
(iii) Automobile Traffic Systems

The prevention of coﬁgcsticms and increase in the average speeds of éutomdbilcs to-proper-
speeds arc effective measures for energy conservation. Observations reveal that the average speed of
cars in Teheran is 20~30 km/h, If the speed is increased by 10 km/h, it will yicld 30% cnergy
conservation. Since the improvement of automobile traffic systems requires the construction of
infrastructure, it can not be considered a shbrt-term measure..'As measures to be taken in'the future, it

will be necessary to install traffic signal control systems and introduce frequent radio broadcasting of
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traffic information.

Measures for the near term arc instailation of new right- and left-turn lanes at intersections and
morc lancs at bottlenecks where congestions tend to occur. The instaliation as well as user awareness

will realize a smooth traffic flow.

Sometimes it is a proper measure to prohibit the entry of cars into shopping areas and bazaars
where many citizens come together. Here, park-and-ride systems will be employed, where shuttle
buses will operate betwoen the shobping areas and parking lots in the neighborhood.

(iv) Intelligent Vehicle-Highway Systems
Intelligent Vehicle-Highway Systems have been partly put in practical use in industriatized

countries. Since many of the systems are still in the research phase even in industrialized countries, it

will take long before they can be put to practical use in LR. Tran.
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5.3 Estimate of Economic Potentials of Energy Conservation
5.3.1 The Industry Scctor.

5.3.1.1 Introduction

(i)  Estimating Economic POtmﬁial of Energy Conservation

The economic- potential of energy conservation is estimated according to the model shown in
Figurc 5.18. The specific energy consumption-(s.é.c.) is estimated for cach group of cxisting and
newly-built plants in an iﬂdﬁstry in the coming years, and the weighted average is caluculated to
estimate .e.c. for the whole industry. The difference between the cutrent s.e.c. and future one can
be defined as the economic potential of energy conservation in the industry. To explain further,

cstimates can be made in the following way if related data and information are available,

First, the economic potential is estimated for a certain time-span. For instance, an estimate can -

be made for the amount of energy conservation achieved in the cement industry by 1999.

Secondly, investments or expenditures for implementing measures and cnergy prices at a certain
time are taken into account in order fo estimate the measures’ potential as a part of the technical
potential which can actually be accomplished. It is necdless to say that the economic potential includes

the effectiveness of energy conservation which requires no investments or expenditures.

Thirdly, the replacement of old plants is taken into account as one of measures for encrgy
conservation. In other words, the effect of energy conservation accomplished by "scrapping” old

plants and "building" new and more efficient ones is included in the economic potential.

Fourthly, it is basically supposed that the best available technologics (BAT) are sclected in
constructing a new plant, and then the adoption of the BAT 1s finally determined after considering the -
financing accrued in its construction. If the financing including the procurement of foreign curr_cncicé
is very difficult, less efficient technologics will be adopted: for ‘the'ncw plant. In addition, current and

future energy prices are also taken into consideration for selecting technologies.
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“Finally, the s.e.c. in an industry as a whole is calculated as the weighted average of the s.e.c. in

existing and newly-built plants,
(iiy How to Estimate Invcstment Costs

Estimating investment costs is one of the most critical tasks in estimating the economic potential

of energy conservation. The follﬁwing-issucs'should be taken into account in making the estimation.

First, what factors are included in "the costs" should be confirmed. In many cases, not only the
costs of machines and equipment but also those of construction and materials and in-direct costs
including engineering and general management are also included. In some cases, however, only the

costs of machines and equipment arc included.

Sccdndly, the differences in costs between different countries and areas should be barefully
considered. There would be differences between costs in I.R, Iran and Japan for certain reasons even’

if the same kind of plant in terms of type and scale is constructed in the two countries.

Additionally, the scale of the plant is an important item which should be considered in
estimating costs. The two items mentioned above are, however, emphasized in this study because of
their importance in estimating the economic potential and the availability of data and information on

them.

All data on investments or expenditures referred to in this study ‘have been those concerning
Japan, and they are defined to include the costs of not only machines and equipment but also other

items.

The question is how we can estimate the investment costs in LR. Iran by using data on costs in
Japan, The estimation was done on the assumption that the cost of cdnstructing a.plan{ in LR. Iran
would be around twice the cost of machines and equipment in Japan - although it was said they were
sometimes more than twice - if the rhachines and equipment were manufactured and {ransported to

construct the plant in LR. Iran. Table 5.30 shows the composition of costs of constructing a plant in
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I.R. Iran using machincs and cquipment made in Japan, which some Japanese companies showed the
study tearn as a rough estimate. This shows that the total costs will be around twice that of machines
and -cqui'pment in Japan even in the case of a refractory plant, if 0.25-0.35 is added as general

management costs like in the case of an iron and steel plant in the Table.

Table 5.30 Exaﬁiplcs of Investment Costs of Plants in I.R. Iran

[A] fron & Steel plant
Equipment and machines 1.00
. Transportation to the site . 0.33
. Civil engineering 0.16
Construction . _ 0.24
Sub-Total : 1.73
- In-direct costs N 0.26 - 0.35
Total - | T 1.99-2.08
[B] Refractory plant (50,000 tons/year)
US$ 1,000
Machines & Equipment* | Total24,000 (1.00)

Civil engincering;  labor; | 16,000 (0.67)
insurance; etc** '

40,000 (1.67)

*_Including transport, supervision of construction, and commission.
** Indirect costs are not included. '
(Source) Japanese companies.

Then, it was cstimated that the costs of machines and equipment would account for
one-third of the total construction costs in Japan (Table 5.31). In other words, according to the

estimates made by a Japanese industrial association, the total cost in I.R. Iran would be equivalent

to two-thirds of the total cost in Japan.
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Table 5.31 Composition of Investment Costs in Japan

| - %)
B o ‘ _ Chemical . . Cement
Machines & Equipment 34 3
Construction and materials : : 45 . 52
In-direct costs (including engincering cost) 12 7
General management 9 10
Total 100 - ' 100

(Source) Sangyo Kikai Kogyo Kai, 1993

Nevertheless, we used the data on investment costs'in Japan for cstimating the cconomic
potential of energy conservation in I.R. Iran which had been converted to 1993 prices in real terms.

The followings are the reasons for doing so.

First, it is estimated by some of experts in Japan that the cost of constructing a plant in L.R. Iran
might be more than twice the costs of machines and equipment in Japan if the machines and
equipment for the plant are made in Japan.

Secondly, the costs of machines and equipment made 1n Japan are gencrally more expensive
than thosc in the U.S. or European countries, according to influential views in the business circle in
Japan. '

Thirdly and most importantly, the ratio of the costs necessary for measures in category 1 and 2
* of energy conservation to current energy prices in LR, Iran is not in the magnitud_e of one and half or

two times, but ten or twenty as mentioned later.

For such reasons, we have concluded that using data on investment costs in Japan would by no

means lead to the mis-estimation of the economic potential of energy conservation in I.R. Iran.
5.3.1.2  The Economic Potential of Energy Conservation in Cement Manufacturing -
(i) Existing Plants

It has already been estimated in this study that the technical pﬂtehtial of energy conservation
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totals approximatély 230 - 250 Mcal/t-clinker in cement manufacturing in LR. Iran, and that 30 - 50
Mecal/t-clinker of the potential can be accomplished mainly by the measures in category 1 which do

not require significant costs.

On the contrary, the economic potential of energy conservation carried out by measures in
category 2 and 3 arc estimated to be very linlftcd, at least for the next four or five years. For instance,
the costs of "conversion of a Lepol kiln to an NSP (SP) kiln" is estimated to be 2,200 - 2,900
Rs/l-fuct oil and the present value of annual pay-back of the costs is calculated to be 290 - 380
Rs/l-fuel oil, although the costs arc thc smallest among measures in category 2 (Table 5.32).
Implcmenting thb measure cannot be justified because the current price of fuel oil is rcpddcd to be 4
Rs/l ei\:—refincry' and around 10 Rs/l as one of ﬁlcl oil delivered at consur'hing plants, and this situation

will not be changed significantly in the near future.

However, a large amount of energy conservation can be achicvtad by the conversion and
replacement of old kilns at the end of their lifespan. Generally, it is said that cement kilns have a
lifespan of fwcnty~fivc to 'thir_ty years iﬂcluﬂing prolonged time after conversion. There are three_dry
kilns and nine wet kilns which'w.erc constructed before 1970 and can be supposéd to be replaced by
or converted to NSP kilns by 1999. In addition, eleven dry-typc kilns which were constructed in the

1970s can also be supposed to be replaced by or converted to NSP kilns by 2009.

If the above measures are implemented, the specific energy consumption will be decreased as

shown in Table 5.33.

Table 5.33 The s.e.c. in Existing Cement Factories in LR. Iran

8.€.C.
(Mcal/c-t)
1991 . 1.200
(category 1) (-50)
(conversion) : (-4)
(replacement) (-29)
1999 1,117
(conversion) o {73)
2009 1,044
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(ii) Newly-built Factorics

There are many cement factorics or plants which are under construction or in the planning stage
in LR, Iran. If all cement plants now under construction start operation by 1999, total cement
production capacity will be 108,160 tons per day, which means the capacity will be nearly doubled in
eight years. After that, cement production may be increased still further rapidly, say by five per cent
per annum, If production capacity increasess at a rate of five per cent per annum, it will reach

176,180 tons per day by 2009.

If the capacity of existing factories remains the same as that in 1991 despite conversions and
replacements, its share in the total capacity will be 52.2% in 1999 and 32.0% in 2009 as shown in
- Table 5.34 (In most cascs, the capacily increases when a plant is converted. It is reported that the
No. 1 kiin .of Kerman Cement Company - dry-type, 300 tons per day - is being converted to SP or

NSP and as a result; its capacity will increase to 1,200 tons per day).

Table 5.34 Forecast of Production Capacity in I.R. Iran (Ton/Day)

“Year Production Capacity Addition ~ Total
1999 56,460 51,700 108,160
(52.2) ' (47.8) (100.0)
2009 56,460 119,720 176,180
' (32.0) (68.0) (100.0)

The specific energy consumption of newly-built planté are supposed to be much lower than that
of existing ‘plant.s'. Looking at the plants the study team visited, the lowest s.e.c. among existing
plants is around 900 Mcal/t-c as far as plants we visited are concemed, according to Table 5.6 (No. 3
and No. 4 kilns of Soufian Ccment). The average s.e.c. can be expected to decrease to this level in
ncwlyfbﬁilt plants by 1'9‘995, and it may reach the 830 Mcal/t-c Ievel, which is équal to that of Korea in
1990 (Table 5.6). - ' |
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(iif} The Specific Energy Consumption

If the s.c.c. of newly-built plants are 900 Meal in 1999 and 830 Mcal in 2009, the s.c.c. of the
cement industry will be 1,013 Mcat in 1999 and 898 Mcal in 2009 in LR. Iran, showing an
improvement of 16% and 25% compared with the figures for 1991, respectively (Table 5.35).

Table 5.35 Tentative Estimate of the Specific Eﬁc_rgy Consumption in the Cement Industry
in L.R. Iran (1999 and 2009) o
' (Mcal/t-clinker)

Year Existing Newly-built Total (Weighted

, (A (B) . average of (A) and (B))
1991 1,200 : - _ 1,200 (100)
1999 1,117 900 _ 1,013 (84)
2009 1,044 - 830 898 (75)

However, this magnitude of energy conservation can be achicved only if the following

measurcs are taken by the concerned people.

First, executives and workers in this sector should enhance "morale” to conserve energy even if

energy prices are not increased.

Secondly, the most efficient facilitics (the best available icchnologies) should be chosen when

expanding and constructing plants.

The estimates above have been made on thc= aﬁsumpti(:)ln that energy p_ricﬁc:s wiﬂ_ ‘n_o.t bé_incréased

in the coming years. Thén, how large will be the ECDI.IOIII‘ﬁC potential of c.nerg.y .conserv.ati.on..ij.l the
cement industry, if energy prices are raised fo a certain degree: if, for insfance the current price Of |
about 10 Rs/l for fuel oil delivered at consumer's plants is hiked fivefold? boekmg at annual payback
as indicated in Table 5.31, we cannnot hclp but conclude that there will be (mly a very small

possibility of measures in category 2 and 3 being implemented on a full- scale.
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5.3.1.3  The Economic Potential of Energy Conscrvation in Shect Glass and Sugar
Manufacturing, and Iron and Steel Making

For these three industries only the economic potential for existing plants are cstimated, the main
reason being data and information necessary for making similar estimates as for the cement industry

have not been available.

As mentioned already in estimating the technical potential of energy conservation in sheet glass
and sugar manufacturing, sufficient data and information have not been availble for estimating the
effectiveness of measures in all categories 1, 2, and 3 in the two industries. However, it has been
estimated that a few per cent of energy conscrvation can be accomplished technically by measures in
category 1. Based on experience as well as data and information on thermal power generation and
petroleum refining in Japan, which are mentioned below, we assume that technical potential are at the
same time ecoﬁomic as well, and thus the measures to be taken are those which do not bear

significant costs.

For iron and steel making, experience in Japan sﬁggcst that measures in category 1 can
accomplish energy conservation of at least 350 Mcal/t-crude stecl in the blast fumace.process. For
the same reason as for sheet glass and sugar manufacturing mentioned above, we also assumed that
this magnitdde of energy conservation can be accomplished not only technically but also

economically.

The costs necessary for measures in category 2 and 3, which are shown in Table 5.36, indicate
that implementing the measures cannot be justified if current energy prices are not increased. In
addition, such a situation will not be changed even if the energy prices are increased five times (We

could say that only the “sealéd-_t pe converter waste gas-collectin umit" is exceptional).
y Y ~G-1yp g g P

“In spltc of thcsc cstlmatlons we can forecast a certain degree of cconomic potential of energy
conservation achieved by measures in category 2 and 3 in sheet glass and sugar manufacturing and
iron and steel maklng, if measures, which require no large costs, can be found in these industries like

in thermal power generation and petro.lcum refining as mentioned below.
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5.3.2 The Energy Conversion Sector

The same method of estimating the cconomic potential of cﬁcrgy conscrvation as in the in'dustry
sector should be followed in this sector. However, only the potential for existing plants are estimated
as was done for sheet glass ‘and sugar manufacturing and iron and steel making' because of limited

availability of data and information on newly-built plants.
5.3.2.1  The Economic Potential of Energy Conservation in Thermal Power Generation

Experience in Japan show that many of the measures in category 1 for thermal power
generation can be implemented without any additional costs or with negligible costs. The Energy.
Conservation Center, Japan (ECCJ) reports that a major part of measures listed in Table 5.17 are
those which need no significant costs, Among them, those measures which cost little are shown in

Table 5.37. The measures in the table can be justified at current energy prices in LR. Iran.
Accordingly, it is safe to say the technical potential mentioned before —3 - 5% of current fuel rate —

is at the same time economic as well.

Table 5.38 shows some of the measures of energy conservation listed in Table 5.19 on which
data on costs are available. Some of these measures can be justified if the prices of fucl delivered at
plants are raised approximately five fold but all of them cannot be justified at current prices. If the

measures are implemented, saved energy will total about two per cent of the current fuel rate.
5.3.2.2 The Economic Potential of Encrgy Conscrvation in Petroleum Refining

Experiencé in Japan show that many of the measures in.category 1 for petroleum refining can
be implementéd without any additional costs or with .hcgligiblé costs. The Petroleum Association of
Tapan (PAI) reports that all measures in catcgory 1 listed in 5.2.2.2 are those which nced no
additional costs or whose costs are negllglblc ones . (Table 5. 39). As can be seen in the table, the
average cost of measures taken dunng the pcrmd from 1976 to 1978 shows that all measures with a

few exceptions can be justified at current eucrgy prices in LR. Iran.

Accordingly, it would be tight to estimate that the technical potential mentioned above - about
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17 % of current s.¢.c. - is at the same time applicable to the economic potential as well.

The average costs of the measures in category 2 listed in 5.2.2.2 above are as follows {Rs in

1993 per one liter of fuel oil);

1976 42.5
1977 . 527
1978 52.7

In addition, the average cost of each measure in category 2 is shown in Tablc 5.40. Looking at
these data, we can conclude that all measures with a few cxceptions can be justified if the prices of
fuel delivered at consuming plants are raised approxinately five fold. If thesec measures are
implemented, the effect of cﬁergy conservation will total about 3% of current s.e.c. in petroleum
refining. It is important to note here, however, that measures in category 2 were implemented on a

full-scale after this period in Japan.
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533 Summiary on Estimating the Economic Potential of Energy Conservation in the

Industry Scctor and the Energy Conversion Sector
(i) - On Measures in Category 1

Being based entirely upon available data, it has been estimated that around 3 - 5 percent of
energy conservation can be accomplished by measurcs in category 1 in many industries targeted in
this siudy while iron and steel making in the direct reduction process and petroleumn refining are

exceptional in achieving much more energy conscrvation.

Additionally,' if we take into consideration the following facts, we can presume that the

economic potential of energy conservation is much larger in these industries.

First, more than 15 percent of energy conservation was accomplished by low-cost mcasures in
category 1 in petroleum refining in Japan. We can presume that there may be more room for energy

conservation than the 3 - 5 percent mentioned above in other industries.

Second, only measures in category 1 can create greater energy conservation than the 3 - 5
percent of the current s.e.c. in LR.Iran, mainly because no measures for energy conservation have

been implemented in this country.

Third, many surveys on encrgy conservation in developing countries by the Energy
Conscr_vatidn Center, Japan (ECCI) show that 10 - 15 percent of energy comservation can be

achieved only by measures in category 1.
(i)  On Measures in Categories 2 and 3

It has been estimated that the economic potential of e'nergy conservation achieved by measures
in these categories would be very small if energy prices remain at current levels in this country.
However, if the price of encrgy (fuel oit) for industry is increased fivefold, the economic potential of
energy .cor_ls_e,rv_cd will be 2 - 3 percent of the current s.e.c. in thermal power generation and

petroleum refining.
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We have not made cstimates of the economic potential of energy conservation in the cement,
sheet glass, sugar, and iron and stee! industries which are' based cntirely upon. available data.
However, if the following is taken into corisideration, it is reasonable for us to consider that these
industries can accomplish 1-2 percent of cnergy conservatioﬁ at least when the price of cnergy at

factories is increased around five times.

Generally, there must be cheaper measures in category 2-also in these industries as have been
found in thermal power generation and petroleum rcfiﬁing in Japan. More concretely, to strengthen
insulation in ccment manufacturing and to- promote waste heat recovery in iron and - steel
manufacturing are some examples of such measures which are less expensive than those that show

the cconomic potential of around 2-3 percent.
(iif) For an industry as a whole

Only data on the cement industry is available for estimating the future s.e.c. in an industry. It is
estimated that the s.c.c. will be reduced by 16 pcrcent by 19)9 and by 25 perccnt by 2009 in the
cement industry in LR Iran,

 Since the technicat potential is estimated to be 22-23 percent by 1999 as mentioned above, the

cconomic potential by the same year is equivalent to 70 percent of it.  The main reason why the
amount of the economic potential is so large is that existing kilns will be converted to or replaced with
SP.or NSP kilns as one of measures in category 2 and 3.

No estimates have been made on the cconomic potential for other industries.

53.4 Road Transport Sector

There are also three categories of measures for energy conservation in the road transport sector,

implemented by drivers, manufacturers, and govermments.

Among the measurcs, proper driving and proper mainténance of vehicles arc irnplemented by
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drivers, improvement of fuel efficiency by manufacturers, and improvement of road trattic systems

and modal shift by central and local governments.

Economic potentials for encrgy conservation resulting from each measure mentioned above

have not becn estimated. Economic potenials for measures in category 1 can be estimated, however.

Fuel consumption per one thousand passenger cars decreased by more than 10 percent for a

few years after the first oil crisis in Japan, as can be seen in Fig. 5.19. It is ﬁot_ unreasonable for us

fo assume that measures in category 1 contributed to a major part of the decrease during the period in

which the fuel efficiency of passenger cars was declining, although reduction in driving distance of

cars should be taken into account.
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5.4 Scenarios for Promoiing Energy Conservation
5.4.1 Policies for Energy Conscrvation

Basic ways for promoting energy conservation as policy measures are classified as follows:
(1) Guidance, advice, and education
(2) Compulsory measures
(3) Instruction
(4) - Inducement
(5) Incentives
(6) Detailed studies

The following are examples of guidance, advice, and cducation:
(1) To establish an Energy Conservation Day and/or Energy Conservation Month
(2) Tobegin campaign'for energy conservation
(3) Tosetup an Energy Conscrvation Center which is in charge of the following items:
'—.Guidancc, advice, and education
- Survey and study |
- Energy auditing

- Training

The following are examples of compulsory measures:
(1) Closing petrol stations on Fridays

(2) Prohibiting cars from entering a certain areas in large cities

The following are examples of instruction: _ _

(1) To establish standards for evaluating energy efficiency of factories or plants, appliances, and
vehicles

(2) To implement energy audit

(3) To provide people, companics, and others with information necessary for energy conservation
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The following are examples of inducements:
(1) Pricing policy on encrgy carriers

(2) Taxation on cnergy carriers

The following are cxamplcs'of incentives: _
(1) To give tax credits and depreciation allowances to those who invest in cnergy conservation
devices

(2) Make long-term, low-interest loans to those who invest in energy conservation devices

In addition to the ways mentioned above, detailed studies.of each sector should be done for
implementing concrete policy measures, including the following items:
(1) Collecting and org'anizing data into a databasc
(2) Analysis of cnergy uses at the micro level
(3) Study-of detailed measures for promoting energy conservation

(4) Estimate of technical and economic potentials of energy conscrvation
5.4.2 Scenarios for Energy Conservation

Considering the policy measures shown above as well as economic potentials mentioncd in 5.3,
the following scenarios can be described as realistic ones for promoting energy conservation in the

Islamic Republic of Iran.
5.4.2.1  Scenario for Short Period (1994-1999)

- First, among individual measures in existing factories and plants in 5.2 above, some of those in
category 1 are considered realistic to be implemented in the industry sector and the energy conversion
sector. In the road transpnft scctor, improving driving ways and proper Ihaintcnancc. of cars, both of
which sﬁould be implemented by 'drivcrs_ with the.govemments' support, and efficient use of cxisting

roads are considered to be realistic measures in this period. . -

o _Sec’on'd_, the adoption of efficient plants and equipment is recommendable in constructing new

" ones or expanding existing ones as far as their financing is possible. Governments should encourage
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production of energy-cfficient cars (It is reported that the average consumption of gasoline per each

car in Tehran is 15 liters per 100 km, which is around twice that in Japan).

Third, the following are policies to encourage individual measures:
(1) Guidance, advice, and education _
(2) Compulsory measures, pa'rticularly in the road transport sector

(3) Increase in energy prices in the real term

As alrcady mentioned, even a fivefold increase in cnergy prices may not bhave a big effect on
energy savings made by a major part of measures which need investment costs in the industry sector
and thc cnergy conversion sector. However, a much greater increase in price in a short period is too

drastic, pai'ticularly considering its impact on people's lives.

Measures in category 1 arc reasonable ways for industry, energy conversion and road transport

sectors (o conserve energy.

‘Finally, detailed studics on energy conservation in each sector should be commended during

this period so that their results can be utilized over time.
5.4.2.2  Scenario for Longer Period (2000-2021)

First, future detailed s_tudies can identify concrete policy measures and cstimate more reliable
figures on the economic potentials of cnergy conservation including those achieved by measures in
the household, commercial, and agﬁcultural scbforq which are not dealt with in this study, as well as
those achieved by measures mainly in catcgory 2 and 3 in the industry, cnergy conversion, and road

transport sector, which could not be cstimated sufﬁcwntly in this study.

Second, we can expect that‘measures requiring investment will be implemcntcd'in existing

factories and plants based upon the studies mentioned above.

In the road transport sector, many of measures ini catcgoncs 2 and 3 also can be conmdcred and

implemented along with introducing more efficient cars.
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Third, stronger policy measurcs and financial aid can be considered to support and encourage

energy conscrvation measures and the adoption of more cfficient plants, equipment and vehicles.
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6. Energy and Environment

6.1 Introduction
6.1.1 ~  Energy and Environment

Encrgy is indispensable for our modem life and economic activities. Energy systems,
however, consumc energy resources, impose loads on the environment in different stages of each
fuel cycle and create waste. Above all, oil, coal, natural gas and other fossil fuels are closely tied to
environmental issucs. In combustion, storage and other phases, sulphur oxides, nitrogen oxides,
soot and dust, hydrocarbons and other air pollutants are discharged, causing regional air pollution.

and acid rain.

Fossil fuels also emit carbon dioxide and other greenhouse gases which cause global warming.
Methane is emitted in the mining process and leaked in the shipping process. Energy consumption in

urban arcas sometimes causes heat islands.

As for offshore oil ficlds, once a major accident occurs, the ocean is seriously polluted like the
accident at the North ‘Sca Oil Field, Crude oil spilled in the accidents of huge tankers and ballast

water in their cargo holds are also causes for marine pollution.

If we focus on air pollution, environmental poliution associated with encrgy consumption is

classificd into following three groups:
(1) Local Air Pollution

Potentially, the combustion of fossil fucls may result in the emission of traditional air pollutants
such as soot and dust,. sulfur oxides (SOx), nitrogen oxides (NOx), catbon monoxide (CO),

hydrocarbons (HC) and other chemicals.

' Soot and dust which are less than 10 microns in'particle diameter are suspended in the

atmosphere over long periods of time and are likely to be deposited in the respiratory track or
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pulmonary alveoli, impacting the lungs, so that environmental 'quaiity standards are determined as
those for Suspended Particulate Matter (SPM).  SOx negatively affects human health, the aquatic
ccosystem, crops and forests, and buildings, NOx mainly stem from the bumning of fossil fucls at
high pressure. NOx generates photochemical oxiciénts, smog and acid p‘rccipit'ati.on together with
sulphur oxides. Ambient levels of SOx and NOx are represented by measured concentration in the
air, and their emissions are given as the quantitics of sulphur dioxide (SO2) and nitrogen dioxide

.(N 02).

CO interferes with the absorption of oxygen by red blood cells. - Volatile organic compounds
(VOC) are considered to be the main precursors of photochemical air poHution together with nitrogen
oxides. After all, photochemical oxidants arc generated by CO, NOx and HC, which are generated
by incomplete combustion of fuels, and poseé problems on regional air pollution in conjunction with

cnergy consumption.
2) Acid Rain (Regional Air Pollution)

The generation of acid rain results from the melting of SOx and NOx produced in the

combustion of fossil fuels. Acid rain sometimes falls and inflicts serious damage on areas thousands

of kilometers away from the Source, becoming an international political issue.
(3)  Global Warming

Emissions of greenhouse gases (GHGs) such as carbon dioxide(CO2), methane and
chlorefluoracarbons (CFCs) aﬁd the other factoré including deforestation are cited as factors causing
global warming. According to Policy Options for Stabilizing Global Climate, Feb. 1989, US-EPA,
about 57 percent of all anthrdﬁogenic contribution to global waﬁning is dﬁe to energy production and
consumption, followed by 17 percent by CFCs, 14 perécnt by agricultiral work and 9 percent by
changes in land use. COz related to energy consumptiion is cs'sen:ﬁél in counterrheasu;cs to prevent
giobal warming beéausc CO7 contributes the largest share to the gre'eh'hoﬁ'sc effect which potentially

effects the climate, sea level and world agriculture.
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6.1.2 . The Focus and Objectives of the Study .

‘The final goal of this kind of study on energy and environment is to identify ndividual
measures for envirommental improvement and to formulate concrete policies, which can support and
cncourage the measures, in order to reach the targets of environmental preservation. To formulate

and propose concrete policies, the following steps arc needed.

First, as far as local and regional pollution is concerned, the concentration of environmental
pollution as well as thc emission of pollutants are surveyed (or monitored) to accurately grasp the

current status of environmental pollution by area.

Second, if the current status is ‘deemed undesirable to inhabitants in and around the area, an
acceptable or desirable level of environmental pollution is considered to establish a standard, which

will be used to regulate the emission of pollutants in and around the area,

Third, in conjunction with setting standards, environmental conservation methods, such as the

installation of technical devices, arc considered along with the economic feasibility of such methods.

In this study, some data and information on the concentration of air pollution, which have been
surveyed mainty by international orgahizations, have been collected and analyzed, while past and

present emissions is estimated.

The acceptable or desirable level of environmental poliution in LR, Iran has not been studied
partly because the Iranian Government is now studying the standard, while the current control system’

of environment in I.R.Iran has been reviewed.

Measures for environmental preservation on both stationary and mobile sources are studied in
order to suggest basic ideas on policies. In addition, the costs or capital requircments of the measures
arc reviewed to provide policy makers with some data and information for tormulating concrete

policies.
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Finally, based upon studies mentioned above, some considerations on policy measures are

made for more concrete ones to be identified for the future,
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