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The present final repon about services relating to the detailed study for ~ establishment 

of the SHAHID MODARRES Industrial Phannaccutical Complex consists of the 

following volumes: 

Volume 1: Sununary- Fmdings and Recommendations 

Volume 2: Product Files 

Pan 1: Sector 1 

Part 2: Sector 2 

Pan 3: Sector 3 

Pan 4: Sector 4 

Volume 3: Unit Files 

Annexes 

The project team has appreciated the full suppon of UNIOO staff. above all of 

Dr.A.Tchcknavorian-Ascnbaucr. Director. Industrial Operations Technology Division. 

whose personal experience in the pharmaceutical sector has brought many decisive 

contributions in the implementation of the study. Dr.M.Sanchcz-Os~ Officer in the 

Phannaccutical Sector. and DrZ.Csizer. Senior Interregional Adviser. have not only 

contributed through their technical knowledge. but also by co-ordinating the co-operation 

of the Iranian expcns with the project team. 

As a special feature this study was through most phases canied out in a co-operation 

between the expcn team and the expcn representatives of SHAHID MODARRES Drug 

Industries Company (SMDO. led by Dr.R.Ejeian. Managing Director of SMDI. During 

the time between the First and the Second Interim Meeting Mr.A.Hojaji. Deputy Managing 

Director of SMDI. and Prof.Dr. \f.Fooladi stayed with the project team to work joindy on 

aspects of technology. In the time between Second Interim Meeting and submission of the 

Draft Final Repon. Dr.R. Ejeian and Mr.A.F Jahromi, Technical Manager of SMDI, joined 

the team which in this phase was working mainly on plant lay out and engineering aspects. 

As a result of the co-operation many strategic questions arising during the study could be 

discussed and brought to an immediate decision. Funhcrmorc the careful study of the 

Iranian expcns helped to delete weak points and mistakes from the rcpon at an early stage. 

The technical competence of the Iranian experts was appreciated by the project team and 

has influenced the oulCOmc of die study significandy. 
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2. EXECUTIVE SUMMARY - CONCLUSIONS AND RECOMMENDATIONS 

Although all informations obtained during the study have been collected and presented in a 

condensed fonn. the final repon comprises almost 3000 pages due to the complexity of the 

project. Even the Sununary. which is presented in Volume 1. consists of more than 100 

pages. Therefore it is difficult to present the essence of the study in a very shon executive 

summary. This chapcer therefore will cover only some of the most important aspects. 

The results of the reassessed financial analysis indicate that an initial investment of more 

than 332 million USS is required to set up the plant of which about 56% will be 

investment denominated in foreign exchange. The company is expected to receive about 

59 n.illion USS for annual sales, operating cost will be almost 56 million USS. These 

figures indicate that there is only a small margin between operating cost and sales 

revenues, which will not cover depreciation. 

From this analysis it can be seen that the economical aspects of the project are not yet 

perfect and require optimization. Financial analysis shows that out of 48 products only 24 

earn their operating cosL Moreover only 8 products will be sufficiently profitable to cover 

!heir pertinent depreciation, in addition to operating cosL To improve this situation the 

following recommendations arc given: 

1. Eliminate products with unfavourable profitability figures. Based on the medical 

evaluation proposals have been made to inuoducc other products to the project. which 

should now be checked for their economic profitability. 

2. Consider a change of the product mix by the introduction of new, high margin products. 

in case given even taking licenses for products still under patent protection. 

3. As a result of the First Interim Meeting, capacities were increased, in many cases 

doubled. But even by doubling production quantities the scales would in several cases not 

reach economic levels. An increase of capacity of rroducts exhibiting a good relation of 

their percentage of total sales versus their percentage of total operating cost and of total 

physical plant cost should be considered. 

4. In case of an obligation of SMDI to take up production also of products with very bad 

figures of profitability, a change in plant utili1.1tion should be considered by reducing 

production quantities of such products to a required minimum and placing them into multi 

purpose plants. Products with better profitability c.Juld be placed in single lines instead. 
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5. As it can be seen from the sensitivity analysis of the internal rate or return (IRR) by 

COMFAR the profitability is not very much influenced by the initial invesnncnt. Even an 

alteration of invesuncnt by 30% will not change the IRR significantly. The most efficient 

measures for improving the profitability of the project arc 

- increase of sales revenues 

- decrease of operating costs. 

6. The effect of utilization of larger capacity equipment has been discussed at !ength. 

UNIOO in an analysis has laid particular emphasis to evaluate the effects of using larger 

reactors with the following result: In the capacity range of 0.5 to 20.0 m3. the rule applies: 

the higher the capacity. the lower the relative invesbnCnl The same would be true for 

construction and installation costs and most of the upstream and downstream equipment 

ex~pt centrifuges and driers. Since however. most of the end products arc solid and 

therefore bound to the use of ccnaifuges and driers, the overall economy of the project by 

funhcr increasing reactor sizes would not be significantly changed. 

7. In case of financing difficulties with respect to the initial invesuncnt consider a pun:hasc 

of equipment from Central Eastern European and Indian manufacturers. which is as a rule 

cheaper than equipment from the established manufacturers in Western Europe. 

8. A decrease of the raw material inventory from one year to 6 months would reduce the 

total investment by approximately 7%. would however increase the risk of continuous raw 

material supply. 

9. A phase-wise implementation that would put into operation the units of highest margin 

first would result in better economics of the project as a whole, since these units would 

already generate revenues and trained pcrsoonel, both of which could be utilized at later 

stages. 

10. Take a decision to work out a strategic profile for the SHAHID MOOARRES 

lndusaial Pharmaceutical Complex as proposed, which will aHow to concr.mrate effons to 

specific areas of interest Once the decision for a profile has been met. planning measures 

should aim at improving further this profile. 

11. Develop a long term research concept and co-operations based on the strategic profile 

of the company. Do not invest into research and development facilities before having a 

clear view on the long tcnn benefits of these units. Since at the present stage no economy 
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could be made ou• with the research and development facilities. the invc!mJCnt 

requirements for these units were left out from the financial analysis of the subject study. 

12. The objective of the project is the establishment of a phannaccutical chemicals 

production in the SHAHID MODARRES complex. When the manufacture of 

phannaccutical chemicals i5 well established, the Authorities of the Islamic Republic of 

Iran coulc! consider a further step to create a fully integrated pharmaceutical industry. 

Based on industrial experience. it is well known that even with relatively small capacities. 

formulation and packaging has much higher margins than production of phannaceutical 

chemicals. Therefore as a long term development foal. it is suggested that a fully 

integrated pharmaceutical industrial complex should be estab?ishcd in addition to the 

synthesis of pharmaceutical chemicals only. 

3. GENERAL BACKGROUND INFORMATION AND OBJECTIVES OF mE 

PROJECT 

The Islamic Republic of Iran has been all th<. time fully aware of the importance of supply 

of the populanon with medication. With this respect under the supervision of the Ministry 

of Industry. the National Iranian Industrial Organization (NllO) has taken an important 

step by establishing SHAHID MODARRES Drug Industries Company and offering this 

company land and infrastructural facilities. The main aim of SHAHID MODARRES is to 

set up a pharmaceutical chemicals production complex. which will allow to satisfy the 

demand of the country for many of the most important drugs. The list of compounds to be 

manufactured amounts for 50 different products. so that the project of establishing this 

pharmaccutical company is one of the most ambitious pharmaceutical projects to the day. 

After a planning period. in which the requirements of the project were established. SMDI 

has decided to co-operate with UNDP/UNIDO in the implementation of the project. A 

contract was awarded to carry out the present detailed study. 

The immediate objective of the subject project is to allow the Government of the Islamic 

Republic of I.ran to take the appropriate decisions on the establishment of the SHAHID 

MODARRES Phannaccutical Complex. The repon shall provide the required data for the 

preparation of render documents and for further planning by the SHAHID MODARRES 

staff. 

The long term objective of the projec! is to contribute to the establishment of production of 

phannaceutical chemicals in the Islamic Republic of Iran thus contributing to the 
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development of the oountry towards greater independence in an industrial field of very 

great social imponancc. 

The contractor has had opponunity to gain experience in pharmaceutical project planning 

for many years. Among many other projects he has also been involved in UNIOO's Darou 

Paksh Project. a project which has the same general objective as the preser.t project: to 

establish pharmaceutical production in the Islamic Republic of Iran. Although the Darou 

Paksh Project is very small compared to the activities foreseen in the present project. the 

experience from that pro,r.ct has provided a lot of help in the preparation of the present 

study. The Darou Paksh Project is almost implemented. Many aspects which have to be 

considered with transfer of technology to Iran have only come up during the 

implementati'ln of that project. Therefore this unique situation allowed to have a very 

realistic and specific approach in the present study. 

4. WORKPLAN 

4.1. GENERAL CONSIDERATIONS 

A special feature of the present project is its complexity. A typical pharmaceutical project 

would foresee the establishment and ttansfer of technology for the production of one or 

few pharmaceutical chemicals. The requirement to cover 50 products in this study. which 

is probably one of the most comprehensive requests in this field. is a great challenge. not 

only because of the sii.e of the project and the investment concerned. but above all because 

of the complexity of the project. which renders the performance of the study as the most 

critical criterion. The great number of data and figures. which arc required for evaluation 

of one product. is multiplied by 50. which docs not only increase the complexity in all 

evaluations. but also has significant effects concerning time consumption. Thus 1200 

patents had to be evaluated. which alone took 2 months of working tirr.c of a top expcn. 

The print out of a 3000 pages rcpon from the computer using a laser printer is also very 

time consuming. Such simple aspects posed an additional challenge. since it was requested 

that the repon be prepared within an extremely shon time period. 

To be in a position to fulfill the Terms of Reference a strategy has been applied for the 

preparation of the repo11. by which a computer data base was s011cturcd and set up from 

the beginning of the work, which a:Jowed immediate integration of arriving data to the 

rcpon and which also has given the possibility to correlate data for evaluation purposes. 

This approach has not only allowed to submit Interim Rcpons on occasion of the technical 
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meetings at UNIDO Hcadquancrs. but also has secured availability of up to date technical 

information at any phase of the project. 

4.l. THE PROJECT GROUPS 

Immediately after signing the contract the project team was established. Due to the 

complexity of the project and the broad scope of rcquilcd technical experience it was 

decided to fonn several project groups. Responsibility in specific sub activities was 
assigned to the teams A to E. Group F was established to maintain local contacts to the 

Iranian countcrpan. Group G is an Italian subconttactor, who has worked on several 

technologies and has prepared the lay - out for two production units. 

Project Group Phann/A: 

Project Group Che~: 

Project Group Tech/C: 

Project Group ID 

Project Group Fina/E 

Project Group Iran/F 

Project Group ltaly/G 

4.3. TIME SCHEDULE 

Products and Technologies 

Vienna/ Austria 

Chemical Processes and Patents 

Vienna/ Austria 

Plant Lay - Out. Engineering 

Szazhalombatta/Hungary 

Medical Product Evaluation 

Frankfurt/Germany 

F.quipmcnt. Financial Analysis 

Vienna/ Austria 

Local Siti;ation Iran 

Teheran/lran 

Italian Sources 

Milan/Italy 

The project time schedule followed the lines given in the offer dated April 19th. 1991. 

Ex pen fielding staned with assignment of the contract on October I st. 1991. In the first 

phase of the work assessment of technologies was the central activity. This phase ended 
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with the First Interim Meeting at UNIDO. which took place from January 20th to 24th. 

1992. In this meeting final decisions were met concerning selection of products. quantities 

and wherever feasible technologies. The next phase of the project resulted in a proposal for 

a general concept of the plant. Approval on this concept was achieved during the Second 

Interim Meeting held at UNIDO in the week from April 13th. 1992. The next phase of the 

study. concerning mainly engineering work and financial analysis ended only shonly 

before submission of the Draft Final Repon. which was finalized in the time from May 

11th to May 23nl. The Draft Final Repon reflected already in a concise manner the 

structure of the Terms of Reference. There was a :04 page Summary. a second Volume in 

4 pans. containing the product files of the 4 foreseen sectors. a third Volume consisting of 

the unit files and technical drawings and an Addendum having several volumes such as 

follows: 

- Detailed Repon on the Results of the Contacts to License Holders 

- Cost and Revenue Estimates - Financial Analysis 

- Quality Control and GMP 

- List of Suppliers for Staning Materials 

- Evaluation of Patents and Literature 

The Draft Final Repon altogether consisted of 2658 pages. It may be noted at this point 

that since the UNIOO Pharmaceutical Industries Technical Assistance Programme has 

been established. the submitted repon has been the most extensive technical repon in terms 

of its horizontal scope and length. 

Extensive evaluation of the Draft Final Repon by UNIDO and the iranian expens led to a 

list of comments. which was submitted to the contractor on July 28th and was the basis for 

a comprehensive reevaluation of the study. Apan from technical aspects of repon 

preparation, the most significant r.hanges concerned the following aspects: Continued 

contacts to technology holders had allowed to include also the products missing in the 

draft repon. Two products. Benzocaine and Metamizol. were deleted from the rcpon. For 

one of the units the flow of chemicals was shown in more detail. Connection between 

different units of equipment and piping was shown in drawings. The plant lay - out was 

changed according to the comments. Many chapters of the repon were rewritten, etc. 

Above all, a second financial analysis was carried out based on the results of the proposed 

changes. The resulting Final Report was submitted to UNIDO on October J 5th, 1992. 

In addition, immediately after submission of the Draft Final Repon and before receiving 

the comments on that report, the project team worked on systematic answers to all 
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comments raised by Iranian expens and UNIDO during the whole project period. In total 

40 pages of specific questions were considered and evaluated. The answers were collected 

in a repon. which was submitted to UNIDO and is included to the Annex. 

With respect to the complexity of the project and the extensive work of preparing. writing. 

reading. controlling and commenting such a comprehensive repon it is not surprising that 

the duration of the project was significantly longer than scheduled. The expcn team would 

however like to point out that it is proud to have achieved the specific steps of teehnical 

work within the foreseen time. although the delay in project progress. caused by several 

factors out of responsability and conttol of the project team. had made the implementation 

of the project difficult. 

S. STRUCTURE OF THE REPORT 

The present repon was elaborated on basis of the Terms of References. Since it became 

clear already at an early stage of project implementation that it might become difficult to 

justify the project from the point of eco11omics of investment. recommendation was made 

during the First Interim Meeting to imµrove economic prospects by changing products and 

production capacities. These recommendations also included the results of a medical 

evaluation, which had not been requ,..sted in the Terms of Reference. but was considered to 

be of crucial imponance with respect to the choice of the product mix of the project. As a 

result of the Interim Meeting changes were made and accepted by the contractor 

concerning production quantities of several products. Agreement on a change in the 

product mix could not be met due to the lack of opponunities for funding the cost of 

additional work arising from such a change in the scope of the study. As a result the Draft 

Final Repon was prepared baseJ on the follc,wing criteria: 

- Evaluation of all products requested in the tenns of reference 

- Increased production capacities according to the results of the First 

Interim Meeting 

Simulating a project implementation process in the technical study first of all product files 

were established comprising all the data oi:>tained for ~pecific products. Based on data of 

the product files a general concept was worked out and proposed for the Shahid Modarres 

lndusuial Pharmaceutical Complex. In the next phase unit files were established in which 

the data for the individual production units were collected. These data were subjected to 

financial analysis giving the following results as presented in the Draft Final Repon: 
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The tot1l initial investment was estimated to be 345,031.100 USS. of which 57.2% is 

foreign capital invesnnent. The operating costs were expected to be 46,162,030 USS. of 

which 73.5% is foreign capital investment, the total sales revenues 48.496,900 USS. which 

gave compared to the operating costs a net income of 2,334,870 USS. This figure does 

however not include depreciation. These preliminary data gave a first impression on the 

f".Conomics of the project, which indicated the requirement for improvement of the terms of 

the proja. .. 

FoHowing the proposals and comments of UNIOO and the SHAHID MODARRES experts 

a reevaluation of the results of the Draft Final Repon was carried out leading to improved 

data for financial analysis. which are now presented in the Final Repon. In this repon also 

options are indicated for funher improvement of the economics of the project, the 

consideration of which would go beyond the scope of the present study. 

To remain in line with the requirements of the project it was decided to structure the 

chapters of tile Final Repon in general along the lines given in the Terms of Reference. 

6. PRODUCTION PROGRAMME, TECHNOLOGIES AND KNOW-HOW 

6.1. DRUGS TO BE PRODUCED 

According to the terms of reference the following 50 drugs were to be manufactured in the 

phannaceutical complex: 

Product 

Unit No 1 
1 Ccaimidc 
2 Sulf amcthoxazole 
3 Ibuprofen 
4 Metamizol-Natrium 
5 Methyldopa 
6 Cimetidine 
7 Niacinamidc 

Quantity tons/year 

500 
100 
75 
65 
50 
50 
50 
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Product • Quantity tons/year 

Unit No 2 
1 Ch!orhcxidinc 82 
2 Trimcthoprim 30 
3 Chloramphcnicol 16 
4 Metronidazole 14 
5 Vitamine E 13 
6 Carbamaz.cpine 9 
7 Cetylpyridinium Chloride 8 
8 Nalidixic Acid 8 
9 Allopurinol 4.5 
10 Dipyridamol 4.5 
11 Propranolol 4 
12 Calcium Panthothenate 4 
13 Amyttiptyline 3.5 
14 Levamisole 3 
15 Hydrochlorothiazide 2 
16 Oomiphene Citrate 1 ·> 
17 Albuterol Sulfate 0.5 
18 Thiethylperazinc Maleate 0.2 
19 Oemastine Fumarate 0.1 
20 Terbutaline Sulfate 0.1 

Unit No 3 
1 Calcium Caseinatc 140 
2 Bcnzoic Acid 25 
3 Isoniazidc 12 
4 Zinc Undecylenatc 12 
5 Sodium Bcnzoate 10 

6 Pyridoxine 10 
7 Riboflavine 9 
8 Diphenhydramine Citrate 7 
9 lsosorbidc Dinitrate 2.S 
10 Bcnzyl Benzoate 2.S 
11 Undecylenic Acid 2.5 
12 Miconazole Nitrate 2 
13 Benzocaine 1.S 
14 Clobutinol 1 
15 Glibenclamide 1 

16 Diethyltoloamide 1 

17 Clidinium Bromide o.s 
18 Flurazepam 0.1 

•> Due to a typing error the product Oopipten was considered instead of Clomifcn in the 

first phase of the study. The error was corrected during the First Interim Meeting. 
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Product . 

Unit No4 
1 Magnesium Stcarate 
2 Zinc Stearate 
3 Aluminum Hydroxide Gel 

UnitNo5 
1 Mannitol 
2 Ascorbic Acid 

UnitNo6 

Quantity tons/year 

60 
540 
2.500 

50 
500 
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Research and Development Center for Biotechnology and Genetic 
Engineering 

Unit No7 
Multipurpose Medicinal Plant Processing Unit. including processing. 
extraction purification. solvent recovery and drying 

Unit No 8 
Pilot Plant for Technology Transfer in Synthetic Phannaceuticals (related to 
the present project) 

6.1.1. PRODUCT QUALITY ST AND ARDS 

As a general requirement in the Terms of Reference qualities according to the United 

States Phannacopoeia (USP XXII) arc requested. Therefore an assignment to United States 

Phannacopoeia monographs was attempted for all products in the project. However. not all 

the products arc monographed in the United States Pharmacopoeia. Therefore other 

Phannocopoeiae had to be used to define quality. e.g., British Pharmacopoeia (BP 88) or 

Deutsches Arzneibuch (DAB 9). To one proposed bulk phannaccutical compound no 

reference is made in any of the common Phannacopoeiae. Its quality requirements arc 

given only by the inventor company (Clobutinol - Boehringer lngelheim). Calcium 

Caseinate does not appear in the Phannacopoeiae. Table 1 indicates the specifications of 

the products as used in the evaluation. 

The increased production quantities given in this list compared to the yearly production 

capacities given in the Tenns of Reference result from a redefinition of production 

quantities by SHAHID MODARRES Oetter of February 14th, 1991) as a result of the Fint 

Interim Meeting. The increase in foreseen production capacity on the one hand reflects the 

growth of p<>pulation in Iran on the other hand it will improve the economics of the 

project. 
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Table 1: Specification of Product Quality and Production Capacity - Tcnns of Reference 
and Revised 

capKily ill kmSlyr capKilyin~ 
DNs .. n-.iaJs ,_,,..., _) 

- of rcfetaee ~lhufcblS 

AlairRll Wfa USPXXD ~) ~.s 1.0 
- "USPXXD 4.5 9.0 

A .. - - •• Gd. Wet USP XXD 2,.500.0 s.ooo.o 
- - .. -· USPXXD 3.5 1.0 

AK1111t1ic Mid USP XXD 500.0 500.0 
._._USPXXD l.S 0.0 

8-c Mid USP XXD lS.O so.o RmDI.._ USPXXD 2.S S.O 
c:.aa-c--. (food .... , 140.0 280.0 
c.lcimn .,_... Ill mll USP XXll 4.0 1.0 . USPXXll 9.0 11.G 

CellilBide 40 'I BP a 500.0 1.000.0 
- . 

Glori* USP XXD a.o 16.0 
- . USPXXll 16.0 16.0 

a.lodlelidiar ~ 20 'I BP a 12.0 164.0 

Cimdidinr USP XX11 50.0 50.0 

Qm.aAiDr i:-s. USP XXll 0.1 0.2 

Clidiaialll 8-ick USP XXll o.s 1.0 
Cloblllillol - ......... , 1.0 2.0 
- Ciln1e USP XXll 1.0 2.G -· -• USPXXD 1.0 2.0 
-- C-ltl*USPXXll 1.0 7.0 
-· "USPXXll 4.5 4.5 
- USPXXD 0.1 0.2 . 
Ci1ibmc1mai« BP a 1.0 2.G 

-· USPXXD 2.G 4.0 

n...atcn USP XXll 75.0 150.0 

1soaa..me USP xxtl 12.G 24.0 

1-"idc DiDi11111c. Dilulcd USP XXll 2.S 5.0 

i-.ailOlc Hychdlloriclc BP a 3.0 6.0 
-· S.C-NFXVU 60.0 60.0 

Mmmilol USP XXll 50.0 100.0 

Mewnizol-N•rium DAB 9 6'.0 0.0 

MetllYldoae USP XXll 50.0 100.0 

Metroaidamlc USP XXll 14.o 21.0 

Micommlc NiUMC USP XXll 2.0 4.0 

N.i:di1ic Acid USP XXll a.o 1.0 

Niacilmnidc USP XXll 50.0 100.0 

Plaonnolol USP XXll 4.0 a.o 
~rido1ine Hycllochloridc USP XXll 10.0 20.0 

Riboflavin USP XXll 9.o 11.0 

Sodimn Bmzollc NF XVII 10.0 20.0 

Sull..illolaJOlc USP XXll 100.0 200.0 

Tatlulaliac Salf• USP XXll 0.1 0.2 

Thicdt""-ninc Mtlalc USP XXD 0.1 0.4 
y· ~ USPXXll 30.0 40.0 

Utldenlnic: Acid USP XXIJ 1.5 5.0 

Vilmnin E USP XXll 13.0 16.0 

Zinc Stanle USP XXll 540.0 540.0 

Zinc Undccyl•c USP XXll 12.0 14.0 

I Overall Tomarc 4,917.0 UlS.S I 
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6.1.2. THE PRODUCT Fll.FS 

As a fu'St step in project implementation each of these compounds had to be evaluated 

separately. To achieve this in a most systematic manner. a file was established for each 

compound and incoming informations were collected systematically in these files. which 

in a completed form arc pan of this repon (vol. 2/1 - vol. 2/4): 

1) General elm of the compound: 
Name according to USP XXII or BP 88 
Cllemical Structure 
Molccu1ar 'W'Cight 
CA - number of the final compound and of similar derivatives (e.g. 
salts. free ~ razcmatc) 
Names (CA. INN. Iran (as enlisted in the terms of reference). other 
names) 
Indications 
Tonnage (in the final document the revised quantities as enlisted in 
the fax received on 25.2.1992 are given) 
Sales prices (most reasonable price obtained directly from 
producers) 
Sales revenues of the product 

2) Patents and literature dealing with the final compound 
Patents enlisted in bibliographies 
Patents obtained from computer assisted literature search 

3) Methods for the preparation of the compound 
Technology used in evaluation with fonnula flow sheet and brief 
description 
Other methods for preparation with brief description or fonnula flow 
sheet 

4) Possible suppliers of technologies 

S) Brief description of the technological processes including a list. of unit 
reactions 

6) Main equipment list. of products proposed for single line production 

7) Estimated consumption indexes of basic raw materials in kg/kg and kg/year 
including molecular weights of raw materials when required 

8) Utilities consumption and man power requirement proposed for single line 
production 

9) Prices and possible suppliers for those starting materials. which arc not for 
the production of any other product within the plant 
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10) Medic~ evaluation of the drug 
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11) Monograph of the compound according to the pharmacopoeia. in which :he 
drug is cited (USP XXII as requested in the terms of reference. for 
compounds not enlisted in USP: BP 88. DAB 9. NF VII) 

12) Basic block schemes. including yields 

13) Block scheme evaluation: figures on inputs. recovered materials and waste 

14) Basic flow diagrams 

6.1.3. THE MEDICAL EVALUATION 

The thesaurus of pharmaceutical compounds contains about 3000 products. half of them 

being of major imponancc. This thesaurus is subject to permanent change: Old products 

dissappear and new products come up. The changes usually come about slowly: Active 

products arc replaced by more active products. so that in some cases we speak about 

products of the first. second or third generation. Side effects force a product out of the 

nwkcL New thcrapautic concepts require new products. New classes of compounds 

appear. It is as a rule only a handful of new products that reach the market every year. The 

number of dissapcaring products is almost the same. 

Every product has its own history. sometimes a very long and old story. e.g. with 

acctylsalicylic acid. As a rule the history of a product nowadays is as follows: After a long 

development time of sometimes more than ten years the product is introduced into the 

market If it is accepted by medical doctors and patients. the profit phase of the product 

stans: Its consumption increases and it can be sold at a high price. As a rule competitive 

products appear after some time. which reduce the economic prospects of the product. 

Such products frequendy exhibit advantages in efficiency or have less side effects. After 

about ten years the phase of eventually big profits ends with the expiration of patents. 

Since generic companies that are speciali:zed in selling free products are aware of changes 

in the patent situation. successful products with expiring patents arc as a rule offered in a 

competitive manner. so that a decay in price results. which is stabili:zed only after some 

time, when the market shares of the different producers a.re settled. Research oriented 

companies at that stage have already put their effons towards improved products, for 

which they can receive patent protection. Therefore a permanent survey on the situation of 

the market is required to be in a position to meet the right investment decisions in the 

phannaccutical sector. Since prescription by medical doctors and new results in the 

medical research scene influence strongly future changes in the pharmaceutical marlret, a 
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study that wishes to evaluate the aspects of setting up an industrial complex for the 

manufacture of 50 products should also cover medical aspects. 

Therefore. although not requested in the TemlS of Reference. a medical evaluation was 
made for all 50 compounds: As a result of thi~ evaluation 6 compounds were identified as 

antiquated because of clearly defined disadvantages compared to superior drugs available 

in the international markcL These dr.1gs ar~: 

- Bcnzocainc 

- Cimctidinc 

- Cltloramphcnicol 

- Diphcnhydramine 

- Pyridamol 

- Nalidixic acid 

In addition. it has to be mentioned that another two drugs are the target of heavy critics: 

- Metamizol. which due to cases of agranulocytosis has been withdrawn by WHO 

from the list of reconunendcd drugs. 

- Aluminum Hydroxide. which has been attacked due to the correlation between 

aluminum and Alzheimer's disease. a position which is 

still under discussion. 

It must be pointed out that the result of the medical evaluation has to be seen only as a 

recommendation reflecting trends and development in the pharmaceutical sector. The 

products of the list of the Tenns of Reference remain without any doubt established drugs. 

The result of the medical evaluation was presented and discussed during the First Interim 

Meeting. To avoid delay in the execution of the study. it was decided to continue the study 

with the original set of drugs. Negotiations of the SMDI representatives with Iranian 

Authorities have led to the following proposal for changes: 
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- Astcmizol ill addition to Diphcnhydraminc Hydrochloride 

- Ccfotaximc Sodium in addition to Cllloramphcnicol 

- Ciprofloxacinc Hydrochloride in addition to Nalidixic Acid 

- Diclofenac Sodium instead of Mewnizol 

- Ketorolac Tromcwninc instead of Metamizol 

- Metoprolol Tattate in addition to Dipyridamol 

- Ranitidin Hydrochloride in addition to Cimctidinc 

Summary Page 16 

- Bcnzocainc to be deleted and replaced by a substitute. which will be 

acknowledged 

The contractor has indicated his readiness to evaluate these compounds and to discuss the 

consequence of their integration to the project. which could be done in an addendum to the 

present repon. Preliminary figures indicate a very promising effect of these proposals. 

6.1.4. PRODUCT PRICES 

Product prices were directly requested from the suppliers usually from several sources. 

These prices together with the production quantities allowed to calculate the sales revenues 

expected for the foreseen production programme and also allowed to set up a ranking of 

products due to their sales volume. 

From Table 2 it can be seen that few products arc responsible for the main tum over and 

that one half of the products account for more than 90% of the tum over. It should 

however be pointed out that this list docs not reflect the profitability of the specific 

products. 

Considering possible sales revenues and comparing them with the great number of 

products to be manufactured, as well the choice as the number of products docs not seem 

to be extremely promising from the economic point of view. Changes in production 

quantities as proposed and accepted during the progress of the study and even more 

replacement of economically bad products by better products, such as those which were 

proposed as a result of the medical evaluation, could improve the economic prospecis of 

the project significantly. In addition during the First Interim Meeting it was pointed out 

that apan from financial investment aspects the main aim of :he present project is to satisfy 

the demand of the Iranian population for pharmaceuticals. 
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Table 2: World M~et Price and Estimated Yearly Sales Revenues 

-W ...td pricn iD USD 
_ _.... 

~ 
Dr-s ... Qanicals - ,arty Ales~ ollklal8l 

low l'C-.lllr .. iDUSD ~sales 

A .... m Hwilnr.idr Gd. Wet USP XXll 1.9( 1.90 1.9( 9..S0000011f 16Jll 

USPXXD 3S.m.l ICUJCI IS.00 1.000..000.0ll 13.54 

AICIOlbic Acid USP XXD 11.lS 13.00 17.30 6..SOOJJOOJX 11.01 
- 401' BPll 3.00 3.21 3..52 3.2IO.JIOO..Oll s..ss 

·- . 
USPXXD 12.0: 16.JID 17.11 3.lOCUlllD.Jll: S.4~ 

USPXXD ISCUXI ISSJlll 166.67 l.790.000.00 4.72 
. - USPXXD 43.111 SI.Oii Sl.13 2.SSCUlllD.Jll 43J 

USPXXD 13.19 IU!f 2Jj)[ l.400.JIOO..OCI 4Jllli 
. . ... 

Giiii - 201' BP a 9..scl 10.00 12.00 1.640.JIOO..Oll 2.71 
~-

USPXXD lO.OO 39.00 40.:JCl 1~-- 2.64 II 

RibaOnia USP XXD 61.1CI IS.Jiii 102.71 I ,j30.JIOO..Oll L9l 

N* "1111 USPXXD 6.a 13.0C 19.90 1.300.000.Jll 2.2a 

Cakiamt c--. (foad -*l 2.11 4.00 Hl 1.120.JlllO.Jll 1.9( 

·uspxxn 62.11 70Jlll IS.Ill 1.120.000.00 1.90 
-

~· 437~ 437~ 437..scl 17S..000.JI 1.41 

:Prridor.im :: ... USPXXD 40.63 43.00 60.Clll 
............ _ 

1.46 

VilmlillEUSPXXD 21.SCI 21.111 21.13 'TVl.....,.NI 1.24 

~USPXXD 3.412.22 3~ 3~ 700.000.Jll 1.19 
n· "USPXXD 91~ 14S.JI 11&.311 6S2..DlJ!f I.IC 

aware USP XXD U2S.Jll l.62S.00 l.62S.OO 
,, .... __ 

i.ICl .. 
Cinlr USP XXD 237.00 :ns.m 33SJlll 630.000.00 1.m 

'*'-'ida1Dle USP XXD 17.00 22.00 24.31 616..000..00 UM -..... 
8-i*USPXXD SlOJl SSO.JI 711.Jll S~""""" 0.91 

7.iDc S.-- USP XXD 0.1S 1.00 l.3CI S40.000.Jll 0.91 
.. 

liae lh4kocllloride USP XXD 76.l'l n.oc 106.2S S39..000JIC 0.91 

NalidiJ.ic Acid USP XXD SUI 6S.Jll 16.111 s- 0.11 
- USPXY-0 4S.Cll: SO.JI 13~ 4-- 0.7C 

.._...,. USPXXD 3.7S 4..scl S31 4SO.JIOO..Oll 0.7• 
I .. . .• BPD 7S.00 7SJlll 7S.OC: 4SO.IJOO.JI 0.7C 

MimlluDle NiaMc USP XXll 96.llt IOSlXI 111.00 420..000.0IJ 0.71 

USPXXD 174.ICI 190.0I lDO.OI: 3IO..OOO.OC OM 
Zillc . USPXXD 10.31 IS.Jll 21.11 360.JIOO..Oll 0.61 
- ... 

Oaloridr USP XXl1 12.0ll 20.Jll 20.14 320.llllO.Jll o.s. -Allllmll Salfalc USPXXD ~ 2SO~ 260.Jll 260.0IJ 260,.000.00 0.44 

·usrxxn 21.41 30.Jll 34.n 240.000.JI 0.41 

i-iezide USP XXD 6.U 9.70 9.71 232.IOO.l'll 0.39 

TCltlalalille SalfMe USP XXD 972.22 1..000.fllj 1.111.0C lD0..000.Jll 0.34 
-· • dlmaille Cilllle USP XXD 11..lf 2S.OO 31.lS I 7S..000.Jll 0.3< 

CU:imn ~ USPXXD l~.11 11.tt 20.or 144..000.Jlll 0.24 

8cuoic Acid USP XXll 1.13 2.65 3.ICI 132,.SOO.OIJ o~ 

a-.tii* Dini1r11e. Dilalcd USP XXll 13.ICI 25.00 2S.OC 125..000.llr 0.21 

USPXXU 4SO.Jll '60.Jll 520.13 92..000.0IJ 0.16 . 
5'alllC NF XVU I.JS I~ 2.SO 90..000.llr 0.1~ 

H iazidc USP XXD 15.SCI 20.or: 31.lS I0.000.00 0.1~ 

l..ladenlaiic Acid USP XXD 1.13 I~ 9.7J 42..SOO.OI: 0.01 

5oclimn .._,_ NF XVU l.ICI I.« 1.57 11.000.0IJ om 
Didnlloa-ide USP XXD 11.lS 11.25 11.25 ll.500.0IJ OJM 
llalzyl ._,.USP XXl1 2.71 3.lf 3.2'1 16.000.00 om 

59.063.400.00 100.CJOI 
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6.2. PATENTS AND TECHNOLOGIES 
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A first analysis of the patent situation revealed that none of the products is still under 

patent prolCCtion. Although this fact at the first glance seems to be advantageous. it reflects 

alsc, some negative effects: As said before product prices of phannaccuticals as a rule drop 

to a low level after patent expiration. The analysis of the product prices of the present 

project shows that this fact bolds in most cases ttuc also here. Transfer of technology is a 

complex activity anyway and requires as a rule licensing agrecmc.'lts. The work for the 

uansfer of a "young" product docs not significantly differ from transfer of a product. 

where the patent is no more valid The readiness to consider also new products should only 

be limited by negative results in licensing negotiations. 

From the beginning of the project a systematic study of process patents swted. which led 

to the selection of one "chosen process". Due to the limited time available for the study. in 

parallel to the negotiations with technology holders evaluation of the products was 

continued on the basis of this process. until it could be replaced or supplemented by data 

obtained from technology holders. a procedure which in many cases resulted in only minor 

changes. Taking into account that negotiations for supply of technologies are going on 

even at the time of the preparation of the Final Report. this strategy has been very efficient 

and successful in the implementation of the study. 

As a result of the Fust Interim Meeting a comprehensive study on all patents of the 

products was requested. which was carried out by adding a systematic computer search. A 

total of 1200 references was obtained from this search and was analyzed to obtain a full 

picture of the patent situation. 

6.3. TECHNOLOGIES 

One of the specific requests in the Tenns of Reference was that the study should be based 

upon offers requested from technology hoidcrs. Although this approach is excellent in 

principle. there were some constraints. These were on the one hand due to the short ume in 

which the study had to be carried ouL On the other hand. in a few cases, there was an 

extremely limited number of technology holders, so thar no alternative was available in 

case of a negative reply. As previously mentioned for these reasons negotiations with 

technology holden have been continued throughout the time of the study and the study has 

been steadily adapted to consider all incoming results of negotiations with technology 

holders. 
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6.3.1. A VAll.ABIUTY AND SUPPLY OF TECHNOLOGIES 
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Due to the complexity of the present project it can be said that there is not one company in 

the world and probably not even one country in the world holding know-how for the 

manufacture of all the 50 producL lherefore companies practically all over the world were 

contacted and infonncd about the project and the aim of the present study. Renowned 

technology holJcrs of the manufacturing phannaccutical industry. trading companies in the 

fields of bulk phannaccuticals with direct contacts to producers and finally engineering 

companies active in the phannaccutical sector in Europe. Nonh America and the Far East 
were invited to cooperate in the realii.ation of the SHAHID MODARRES lndustria! 

Phannaccutical Complex. 

In the early phase of recruitment the first contacts were established by lener. Since in 

larger companies the internal organii.ation may become rather complex causing long 

delays until the request reaches the relevant staff. direct first phone calls supported by a 

detailed presentation of the project via fax were preferred as contacting approach later on. 

As a rule several divisions of a company arc involved into activities related to transfer of 

technology (e.g .• Expon Division. R&D. Legal Branch. General Management). This fact 

leads to another considerable delay in the response, because offers cannot be readily 

submincd, but require some work in the engineering department. Therefore responding 

times of 2 to 3 months must be considered as common. A study period of less than 6 

months -- as foreseen in the present project - requires a high degree of project organii.ation 

to be in a position to consider incoming replies at any stage of the project. 

Using international data bases and integrating_experiencc and relations of the members of 

the project team, a list of suppliers of bulk pharmaceutical chemicals was set up. This list 

is given in the Annex and represents a more or less complete compilation of the bulk 

pharmaceuticals foreseen for production in the SHAHID MODARRES Industrial 

Pharmaceutical Complex. 

Out of this list almost all companies have been contacted making reference to the present 

project. In addition to the above mentioned compilation UNIDO supplied a list of 7 

companies. which had previously expressed their interest in Technology Transfer: 
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OlemScrv - Chemic Linz AG. Austria 

Hoechst AG, Gcnnany 

Ciba Geigy • Switzerland 

Ficctec - Carlo Erba. Italy 

Sicplant. Italy 

Ekono Oy. Finland 

~x.Canada 
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Answers were received from all companies with exception of Canedex. ChemServ (now 

pan of Nycomcd. Norway), Ciba Geigy and Hoechst informed about their decision not to 

coperate in a written fonn. The engineering companies Ficctec. which is a subcontractor in 

the present study. Sicplant and Ekono e~pressed their readiness to conuibute to the project: 

FJCCtcc is in a position to supply technologies for Ascorbic Acid. Mannitol. Ibuprofen and 

others. Sicplant has negotiated to obtain agreements for Aluminum Hydroxide Gel. Zinc 

and Magnesium Stearatc and Ekono Oy's attempts to interest Nordic companies for the 

project arc still ongoing (A great numbers of Nordic companies have already been 

recruited to the project by the project team). 

Trading companies (broker companies) in Germany (e.g.. Transol. Schweitzerhall). 

Switzerland (fiefenbacher) or Great Britain (Forum), who arc insiders in the market of 

bulk phannaccuticals due to their daily work, were asked to check with their parmer 

companies for potential interest in the project. All eff ons of these companies were 

however without success. 

About some 200 producing companies all over the world were informed about the 

SHAHID MODARRES pharmaceutical project by the project team. In the case of no 

response to a first request further contacts - letter fax or phone calls - were attempted with 

almost all companies in Europe to come to a final written or oral answer. In the case of 

multinational companies requests were diluted to the main quarter. affiiliated companies 

were only contacted, when they have responsability in specific fields (e.g. HJJffmar.n

LaRochc, Switzerland acting in the Phannaceutical area for all affiliated compan!es, but 

Givaudan-Laviroue (a 100 'Ii subsidiary of Hoffmann LaRoche) carries all activities in 

fatty acids). 

With the date of September 1 oth. 1992 the following companies h.'.ld expressed their 

readiness to cooperate in the realization of the SHAHID MODDARES Phannaccutical 

Complex: 
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Ficetec (Engineering Company. Italy) 

Ascorbic Acid (from Polservice Warsaw) 

Mannitoi (from Cerestar) 

Chloramphenicol (from Carlo Erba) 

Ibuprofen (from C2rlo Erba) 

Cimetidine (One Person K.H.) 

Dipyridamol (One Person K.H.) 

Allopurinol (Secif arma) 

Clidinium bromide (Sifavitor) 

Trimethoprim (FIS) 

Carbamaz.cpine (One Person K.H.) 

Sicplaat (Engineering Company. Italy) 

Aluminum Hydroxide Gel 

Zn and Mg Stearate 

Antibioticos S.p.A. (Italy) 

Methyldopa 

Francis (Italy) 

Sulfamethoxazole 

Sibefat- Mediolast (Italy) 

Propranolol 

Amitryptiline 

Cimetidine 

Clidinium Chloride 

Sivator (Italy) 

Clidiniuim Chloride 

FIS (Italy) 

Trimcthoprim 

Pliva (Croatia) 

Cctylhexidine Acetate 

Weiders (Norway) 

Cctylpyridinium Chloride 

Fermion (Finland) 

Chlorhexidine Gluconate 

Ibuprofen 

Propranolol 

Trimcthoprim 

Carbamazcpine 
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Ferrosan (Denmark) 

Cctrimide 

FAES (Spain) 

Trimcthoprim 

Megglc (Germany) 

Calcium Cascinate 

Gcrot (Austria) 

Aurazcpam 

Pharmaceutical Research Institute (Poland) 

Miconacole 

Pcfloxacinc (as a substitute for Nalidixic Acid) 

11-Y ang (Korea) 

Aluminum Hydroxide 

Ganesh Bcnzoplast (India) 

Bcnzoic Acid 

Sodium Bcnzoate 

Bcnzylbcnzoate 

Mirabh Pharmaceuticals PVT Ltd. (India) 

Propranolol 

Terbutalinc Sulfate 

Standard Organics Limited Ltd. (India) 

Albuterol 

Ibuprofen 

Sulfamcthoxazole 

Trimcthoprim 
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A few companies offered cooperation in a first reply, however withdrew the already 

envisaged supply of technologies later on: 

Lciras (Finland) 

Albuterol 
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Pliva (Croatia) 

Ascorbic Acid 

Chlorhcxidine 

Hydrochlorothiazide 

Methyldopa 

Pyridoxinc Hydrochloride 

Sulfamethoxazole 

Trimethoprim 
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Upon a direct request from UNIOO. Pliva later offered a process for convening 

Chlorhexidine into Chlorhexidine Acetate. 

For a group of bulk phannaceuticals offers for development on contract are available: 

Bcnzoic Acid 

Sodium Bcnzoate 

Diethyltoluamide 

Undecylenic Acid 

Zinc Undecylenate 

Cyaoopyridines as precursors for Niacinamide 

At present a UNIOO project for the establishment of a multi purpose pilot plant for the 

manufacture of bulk chemicals in Iran is on the way including the following technologies: 

Metronidazol 

Propranolol 

Sulfamethoxazole 

Trimethoprim 

Anangements between Darou Paksh and SMDI would be very useful on the one hand to 

check options for cooperation and technology use by SHAHID MODARRES. on the other 

hand to avoid local competition. 

Some companies offered technologies for bulk phannaceuticals which arc not in the list 

given in the Tenns of Reference, but would represent reasonable substitutes for the 

requested compounds (e.g. Pefloxacine instead of Naldixic Acid). 

Data of the present status of recruitment with ~ntries for each foreseen bulk pharmaceutical 

compound are compiled in Table 3. 
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Table 3: Starus of ~bllCnt with entries for each foreseen bulk pharmaceutical 
compound 

Bulk Pllanucetdical TedlllOlogy Supplier 
Oemical 
Albutcrol USP XXII Standard Organics Ltd. (India) offers 1echnology. derails not disclosed 

Fees for TOT not disclosed 
Aluminum Hydroxide Gel. Sicplant (Italy) promised to supply a technology widlin May 1992. 
WetUSPXXII 

Il-Yang (Korea) promises a tccbnology. bul needs more time for 
wortin2 on Ille offer. 

Allopurinol USP XXII Secifarma (llaly) offers a process described in method A. 
Fees for TOT USS2SO.OOO 

Amitriptyline Sibcfal (Italy) 
Hvdmchloride USP XXII Fees for TOT not disclosed 
Ascorbic Acid USP XXII Polservice-Warsaw K.H. supplier. engineering by Ficctec (Italy) 

fecsforTOT USS 1.200.000 
Bcnzoic Acid USP XXll Today's Bcnzoic Acid planlS have yearly production capacities 

between 30.000 to 100.000 tans/yr. producing mainly technical grade 
Benzoic Acid (which is in lhen converred to phenol) and a smaller 
quantities or pharma grade quality. 

Ganesh Benzoplast Ltd. (India) offers technology in principle wilhout 
giving Jetails. 
Fees for TOT not disclosed 

Development contraet available (continuous oxidation wilh air 
oxv2enl 

Bcnzyl Benzoate K.H. purchase due to low value of fcnseen sales revenues (USS 
USPXXII 16.000/yr) economically not feasible, development contraet 

recommended 
Calcium Caseinate Meggie (Gennany) offers TOT: staning wilh fresh milk 

Fees for TOT not disclosed 

OMV (NL) is in principle offering cooperation for Ille esaablisbing of a 
production unit. however production capacity has to be 1~100 times 
higher to be economical feasible (raw material and pollution 
nmhlems). 

Calcium Panthothenate Extensive requests negative. limited market of suppliers (see comment 
USPXXll on vitamins) 

Carbamazepine USP XXll Fermion (Finland) SWts wilh lminostilben. avoids Ille poisonous 
pbosgene completely. 
Fees for TOT USS70,000 

rovalties USS 1.90 lko for 10 vean: 
Cetrimide BP 88 Fenosan (Denmark): TOT includes assislance during project stage 

Fees for TOT USS280000 
Cetylpyridinium Chloride Weiders Farmasoytiske A/S (Norway) envisaged offer for TOT (one· 
USPXXll step reaction of cetyl chloride and pyridine). 

estimaled price for equipment USS 1.000.000 
Fees for TOT will be acnP.M unnn a later SIHe 

Chloramphenicol Fannitalia Carlo Erba (llaly) 
USPXXll Fees for TOT not disclosed 
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Table 3 (continued): Status of rccruittncnt with entries for each foreseen bulk 
pharmaceutical compound 

Balk ~ T«bolac Stlpplier 
a.e.ical 
Chlorhcxidinc ACClale Fermion (Fmland) SlartS wilh Hcumedlylenediamine and p-
BP88 Otloroaniline. 

Fees for TOT USS690.000 
royalties USS4.10Jkg fcr6 years 

USS 2.SO lb for 4 vears 
Clomiphene a11a1e Only a very limited nmnber ol companies bas IUl. for lbe production 
USPXXll or Clominbene. an or 11tem refused to-~-. 
Cimetidine USP XXll One-person K.H.: saarting wilh S-melhylimidazolc 

FeesforTOT USS 100.000 

Sibefat (It): 
Fees for TOT no1 disclosed 

Clemastin.: Fumerate Only a very limited nmnber ol companies bas K.H. for lbe production 
l.ISPXXll or Clemasline. a11 or them refused to coopera1e. . 

CODlnlCl m:ommcndcd 
Oidinimn Bromide Sifavitor S.p.A. (Italy) offers technology saaning with benzylic acid 
USPXXII mcdlyl ester. 

Fees for TOT no1 disclosed 

Sibefat (It): 
Fees for TOT n.11 disclosed 

Clobutinol Hydrochloride Only a very limited number of companies bas K.H. for lbe production 
{Boehringer lngdheim) of Oobutinol. all or them refused to co-operate. 

Dcvelomnent conuact m:ommended 
Diethyltoluamide K.H. purchase due to low value of foreseen sales revenues (USS 
USPXXII 22,.SOO/yr) economically no1 feasible. 

Dcve~t contract recommended 
Diphenhydraminc Ci11a1e No offers for this product 
USPXXII 
Dipyridamol USP XXll One-person K.H.: swting wilh S-aminoorotic acid 

Fees for TOT US$40.000 
Aurazepam Hydrochloride Geroc Phannaceutika (Austria): starting with 2-Amino-5-chloro-2'-
USPXXII Ouorobenzophenon 

FeesforTOT USS30.000 
Glibenclamide BP 88 No offer for TOT. but devnnmnent on contract recommended 
Hydrochlorolhiazide No offer for TOT. bur development on contract recommended 
USPXXII 
Ibuprofen USP XXII Carlo Erba (Italy) process starting with Isobutylbenzene 

Fees for TOT not disclosed 

fermion (Finland): saarting with isobutylbenzenc 
Fees for TOT USS 180,000 

royalties USS 2.00/kg up to 250 tons 

SlalKlard Organics Ltd. (India) offers technology without giving 
details. 
Fees for TOT not disclosed 

Isoniazid usr xxn No offer for TOT. but develnnment on conb'act recommended 
lsosorbide Diniuaae. No offer for TOT. bul to our knowledge ISON is already produced in 
Diluted USP XXII the Islamic Renublic of Iran. 
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Table 3 (continued): Status of rccruiuncnt with entries for each foreseen bulk 
phannaccutical compound 

B.ut PlaanumdicaJ TedmolacY Sllpplier 
Cllmlical 
l..cvamisolc Hydrochloride Only a very limi1ed number or compa.-Ucs holdes K.H. for lhe 
BP88 prodoction or l..cvamisolc. all or lbcm rcrused 10 coopcra1e 

Dcvcloomen1 conttact recommended 
Mapesium Stear.Ile Sicplanl (llaly) promised ID supply a leChnolosY wilhin May 1992. 
NFXVll 
Mannitol USP XXll Ceresaar (llaly) offers technology. 

Fees for TOT not disdosed 
Melamizul-Nalrium No offers for dUs product 
DAB9 
Mclhyldopa USP XXII AnnDiolics S.p.A. (llaly) saanins from Verattala.ldehyde 

Fees £or TOT not disclosed 
Mctronidazolc USP XXII no offer for TOT. Meuooidazol is already produced in lhe Islamic 

Renublic or Iran 
Miconazole USP XXll Pbannaceutical Research lnstilutc (Poland): starting with 2.4-

Dichloroacetoph 
Fees for TOT not disclosed 

Sibe£a1 (llaly) offers technology wilhou1 giving details 
Fees for TOT still under neiotiation 

Nalidixic Acid USP XXII No offers for Nalidixic Acid 
Nalidixic Acid is already produced in lhe Islamic Republic of Iran 

Pharmaceutical Research lnstilute (Poland): offers a process for 
Pefloxacinc. a third generation quinolonc as a therapeutic substitulC 
for Nalidixic Acid. 

Niacinamide USP XXll No offers for this product. but development offer for Cyanopyridinc 
available 

Propranolol USP XXII Fennion (Finland): SWtS with a-Naphthol 
Fees for TOT USS55.000 

royalties USS 1.00/kg for 10 years 

Sibdat (llaly) gives no details or process 
Fees for TOT ROI disclosed 

Mirabh Phannaceuticals PVT Ltd. offers technology starting with a-
Naphthol. estimated equipment costs USS 55.000 
Fees for TOT USS35,000 

Pyridoxinc Hydrochloride No offers for this product 
USPXXll Envisated technolotv withdrawn CPliva. Croatia) 
Riboflavin USP XXll Only a very limited number of companies holds K.H. for lhe 

production of Riboflavin . all of them refused to coonttate. 
Sodium Bcnzoa1e Ganesh Benzoplast Ltd. offers technology without giving details. 
NFXVll Fees for TOT not disclosed 

The expected sales return of USS 28.000 do ncitheT allow nor justify a 
TOT. 
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Table 3 (continued): Status of recruitment with cnttics for each forcsccn bulk 
pharmaceutical compound ... Plla1'818mdicai Tttlt90locJSllpPlier 

CINmical 
Sulfamctboxazolc Francis (II) 
USPXXII Fees for TOT USSS0.000 

Slandard Organics Ltd. (India) offers process widloul giving debiils 
Fees for TOT not disclosed 

TerlJulaline Sulfate Mirabb Pbannaceulicals PVT Ltd. offers technology Slarting wilh 3.S-
USPXXII Dimelboxy-Ac:etopbenone • estimlled equipmenl costs USS 147.SOO 

FeesforTOT USS35.000 
lbiethylperazinc Malealc No offers for dais product 
USPXXII Onlv available at Sandoz (Swiazalandl. reiected lion 
Trimcthoprim USP XXII Fermion (Fmland): mrting wilb 3.4..5-uimethoxybcnzaldchyde 

FeesforTOT USS 75.000 
royalties USS 1.40Ag for 10 years 

FAES (Spain): starting wida 3.4..5-trimethoxybemaklehyde 
FeesforTOT USS40.000 

FIS (llaly) mrting with 3.4.5-lrimclhoxybcnzaldehyde 
Fees for TOT USS250.000 

Slandan:I Organics Lid. (India) offers technology wilhoul giving 
details 
Fees for noc disclosed 

Zinc Undecylenatc No offers for Ibis producL but offer for Development on Contract 
USPXXII available 
Undecylenic Acid No offers for Ibis product. but offer for Developmenl on Contracl 
USPXXII available 
Vi'3111in E ACClale BP 88 No offers for Ibis product. Development on Contract recommended 

Only a very limited number or companies holds K.H. for Ille 
oroduction of Vitamin E. all of them refused 10 coooeraae. 

Zinc Steara1e USP XXll Sicplant (IWy) wiH supply a tcchnology wilhin May 1992 (wriuen 
nmmise). 

A detailed repon on the recruitment effons (positive and negative responses) is given in 

the Annex. Companies are arranged country by country, ownership is indicated as far as 

known. Bulk pharr..aceuticals manufacturing know how expected to be with the company 

is enlisted. Following the heading 'conlaCtS', the fonn of contacting and Gf the following 

response are given in addition to statements from the companies. 

Negative results of negotiations were obtained for different reasons. First of all some of 

the products are produced in a very limited scale. Fees for transfer of technology (without 

assistanee in the implementation phase and training) range between USS S0.000 to 

1,200,000 (see above). Bulk phannaceuticals in the project with yearly sales revenues of 

less than USS 100,000 to 200,000 are therefore not very attractive to companies for 
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uansfcr of tcehnology. because the low expected sales revenues would not allow 

reasonable fees or royalties. 

Anolhcr group of technologies is available only at a limited number of suppliers. Above all 

this holds uuc for vitamins. e.g. Riboflavin. Calcium Pantholhcnate or Vitamin E Acetate 

(Hoffmann LaRochc. BASF. Bayer or Takeda) and compounds like Oomiphcn Ciuate 

(Sandoz and Egis). Thicthylpcrazinc (Sandoz) or Oobutinol (Boehringer lngclhcim and 

Farchcmia). The problem of limited soorccs of know how is obvious. In the case of 

negative reactions from these suppliers a solution of this crucial problem may be found in 

establishing development contraclS for these products. In a later phase the company should 

be in a position to develop such technologies through its own R&D departmcnL 

For some of the products modem plants arc scaled some I 00 to I 000 times larger than the 

forcsccn capacities in the project (e.g. Bcnzoic Acid 50.000 - 100.000 tons/year compared 

to 50 tons of the present project). Technical grade arc the main and pharma grade bulk 

chemicals arc the minor output of these plants. Since the envisaged production scale of 

some of the products is far away from the usual technological level. international 

producers do not consider a request to be relevanL Technologies for pharma grade 

production only arc not available on the market and have to be developed on contract or by 

the own R&D dcpanmcnL The situation is comparable for Bcnzoic Acid (mainly 

convened to phenol). Sodium Benzoatc and Zinc and Magnesium Stcarate (mainly used in 

plastics industry). 

It has to be stated that unfonunately the huge majority of the companies which had been 

asked for cooperation refused to panicipate in the project. The reasons for negative 

responses were: 

- Company already supplies bulk or fonnulated drugs to the Islamic Republic of Iran. 

- Company is producing in capacities several times larger than the requested ones. 

down scaling would not be economically feasible. 

- Company is convinced that at the end the Iranian Counterpart will have to export at 

low prices to cover the investments and in this way lower world market prices. 

- Company holds the requested technology. but does not have enough capacity to work 

out the technical documentation which is requiled to offer the process. 

- Company sells only products but not know how. 

- Company only accepts models of cooperation (e.g. joint venture) which guarantee 

funher control of the quality of the products. 

- Company is concerned that know how will get out of control. 
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- Company is conccmcd about the seriousness of the project having evaluated the 

present list of proposed bulk phannaccuticals (too many. in some cases low capacity 

and revenues). 

- Company is only inlerCstCd in joint ventures or direct investments. 

- Company is convinced that an economical production under the present conditions is 

not possible ad does therefore not want to get involved in the project. 

It seems worth mentioning that some companies. which in the past have been involved in 

other similar project activities (e.g. some Indian or Hungarian companies) decided not to 

enter into the project. 

Fmally the present situation of most companies in East Europe after the change in the 

political system has to be taken into account Many of these companies arc at present in a 

phase of l"CSU'UCtUring. including sometimes even takeovers by western companies. 

Although these companies may be considered as being porential technology suppliers. their 

situation !s highly unclear at the present. so that sometimes decision makers cannot be 

reached. 

6.3.2. PRICES FOR TECHNOLOGICAL KNOW-HOW 

While the market for equipment for production of pharmaceutical chemicals is a very open 

and clear market. a common technology transfer market is not really established. Various 

payment models for transfer of technology have been proposed and requested by suppliers: 

One time payment: Payment ~9' 2 to 4 parts (e.g. after signing the contract. after 

submitting the fust files. before and after installation) 

Combinations of Fees and Royalties 

In many cases companies indicated that they would negotiate fees and royalties only at a 

more advanced stage of cooperation. Therefore no figures for fees could be received in the 

course of the study . This situation is indicated in Table 3 with the term 'fee~ for TOT not 

disclosed'. 

Funher forms of agreements. which need direct negotiations of the counterparts, were 

considered to be not suitable for evaluation in a study like the present one, e.g. some 

companies asked for conaacts for exclusively supplying starting materials (Siegfried. CH). 
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Price offers for technology (not covering assisWlCC during implementation or training) 

range from USS 40.000 (e.g. Trimcthoprim) to USS 1.200.000 (Ascorbic Acid) with 

higher figures for large scale (e.g. Otlorhcxidinc) or highly sophisticated process (e.g. 

Ascorbic Acid) and lower figures for know how which is widely available (e.g. 

Trimethoprim). 

Having these figures in mind it is easy to realize that a uansfcr of technology for products 

with an estimated yearly sales revenue of less than about USS 200.000 docs not seem to be 

economically feasible for both sides. It is therefore propoS!d that the ttansfer of such 

technologies is carried out within rcchnology development conttacts set up with 

experienced companies. which should also include training and technical assistance in 

developing local capacities for development of pharmaceutical production processes. 

6.3.3. RAW MATERIALS· PRICF.S - SUPPLIERS 

There arc two groups of chemicals required in phannaccutical chemical production: basic 

chemicals and solvents on the one hand and specific starting materials for individual 

production processes. There is a big world market for basic chemicals and solvents with 

the phannaccutical industry being one of the consumer industries. By far more specialized 

is the market for specific starting materials. Frequently. a limited number of specialized 

companies manufacture and offer such products. sometimes even several different 

intermediates for the production of onr. specific product. Buying companies will decide to 

start their production at that stage of the process. which is most economical for them. In 

fact. this market may be better called pharmaceutical intenncdiates market than starting 

materials market. 

Bulle chemicals arc commodities and their prices arc established world market prices. 

usually subject only to minor and slow changes. Much more complicated is the situation 

with starting materials/intermediates. Herc the number of suppliers is limited to very few 

specialized companie~. frequently the supplier of the end product being supplier of the 

intermediate as well. Pennanent careful observation of the market and good contacts 

between supplier and buyer arc imponant in this market.. in which it may happen that an 

intenncdiate is offered at a higher price than the end product. 

There arc about 250 different chemicals required in the project. For each of these staning 

meterials prices were collected using quotations from suppliers. The following list 

comprises the raw materials required to manuf acturc all products in the foreseen quantities. 

This figure was used as a basis for further evaluation (Table 4). 
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As far as the quality of starring materials and intermediates is conccmcd it was made clear 

that these chemicals arc for use in pharmaceutical production. With specific intenncdiares 

it is self understanding that the qualities which arc offered comspong to the tequircmcnts 

of the production of the pharmaceutical. Whenever a process will require a special quality 

of a cbemical. the technology holder will have to indicale either the required purification 

process or a source where such a product of special quality can be purchased. 

Suppliers for all raw malerials rcquiral for the production of the 50 items of the project 

have been compiled. List of addresses arc given in the Product Files. H a specific raw 

material is used in more than one process. the suppliers can be found in the Annex. 

WorlJ market prices for the raw materials were collected by diRct requests from the 

producers (no trading or broker companies) on the basis of the estimated yearly 

consumption. For most of the raw materials prices from at least two independent sources 

were obtained. Companies based their offers on the world wide accepted INCO tenns and 

in most of the cases free main European pon. Since prices for bulk chemicals arc 

fluctuating. the offers reflect the present status and arc subject to change. 

It must be considered that the price quotations do not contain specific uanspon costs to 

Iran. since these costs will largely depend on the purchasing strategy of the management of 

SMDI. 

It is not surprising that only few chemicals required arc locally available in Iran. Since raw 

material costs constitute a significant pan of the production cost. it will be extremely 

important and one of the most decisive factors for success of the project to secure an 

efficient purchase of swting materials. 

A list of locally available raw materials is given in the Annex. 
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Table 4: Raw matetjals required to produce 48 items: amount in [kg/year): prices ir. 
[USS/kg); and for which product they arc needed. 

Saartima..-riais q/.,ar prires Prodlld 

p-(acciamido)bcnzcne 221.575 3.66 Sulfamdbo:uzolc USP XXII 
suHochloride 
ar.etic acid 374.966 0.62 Albulcrol Sulfate USP XXII 

CarbamazqJine USP XXll 
OaJoramplaeaico USP XXll 
Cimetidine USP XXll 
Dipyridnole USP XXll 
Glibenclamide BP 88 
Ibuprofen USP XXll 
Nalidixic Acid USP XXII 
Tcrbulalinc Sulfa USP XXJI 

acclic aldehyde 30384 0.67 ;- .. USPXXII 

acaic anhydride 245.807 1.04 Albucaol Sulfate USP XXll 
Chknmphcnicol USP XXll 
Mdhyldopa USP XXll 
Vitamin E Acmle USP XXll 

acetone 1.154.036 0.49 Allopurinol USP XXll 
Ascorbic Acid USP XXll 
Chloramphenicol USP XXII 
Cimelidinc USP XXll 
Clidiniwn Bromide USP XXll 
Dipyridamolc USP XXll 
Glibcnclamidc BP 88 
Lcvamisolc Hydrochloride BP 88 
Propranolol Hydrochloride USP XXll 
Sulfamcthouzolc USP XXll 
Tcrbulalinc Sulfa:c USP XXll 

acetyl chloride 127.850 1.37 Amilliplylinc Hydrochloride USP XXll 
lbuDroCcn USP XXll 

air 104.305 0.00 Bcmoic Acid USP XXII 
8-alaninc 3.245 7.33 Cakium PanaOlhcnaac USP XXll 
D.L-alanin cahylcstcr. 27.849 3.66 Pyridoxinc Hydrochloride USP XXII 
hvdrochloride 
aluminium chloride 341.900 0.61 Aluminium Hydroxide Gel USP XXll 
aluminium hydroxide 200.000 3.0S Aluminium Hydroxide Gel USP XXll 
aluminium i......., • .....,xide S.424 0.93 ChloramDhenicol USP XXll 
aluminium sulfaac S9'l.200 6.11 Aluminium Hydroxide Gel USP XXll 
2-amino-S<hloro.2' - 276 177.10 Flurazepam Hydrochloride USP XXII 
fluorobenz 

. 

(+)-3-(aminomelhyl)pinanc. 327 91.60 Cakium Panaoahenaac USP XXll 
hvdrochloride 
2-amino-6-meahylpyridine 10.728 12.21 Nalidixic Acid USP XXll 
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Table 4 (continued): Raw materials required to produce 48 items: amount in [kg/year]; 
prices in [USS/kg); and for which product they arc nccdcd. 

saarm. ..ateriak kg/year prices Prodlld 

anunonium hydroxide. cone. flJ.348 0.17 Chknmphcnicol USP XXll 
Clcmaslinc fumanlr USP XXll 
Flurazepam Hydrocbloridc USP XXll 
Glibcnclamide BP 88 
H~USPXXII 

Sulfamelbouzolc USP XXll 
lbidbJ" Malcate USP XXIl 

ammonia gas 10.963 0.12 Olknmphcnicol USP XXll 
Fl ff" .,, .. USPXXll 

ammonium chloride 7.919 0.40 Amilriplyline Hydrochloride USP XXll 
Clcmaslinc Fumar.ue USP XXll 
Clomiohcn CiU'afC USP XXll 

ammonium salt 46.<XX> 0.40 Mcthyldopa USP XXll 
aniline 5.494 0.85 Riboflavin USP XXll 
anlif'oam agent 2.182 1.00 Sulfamelhouzolc USP XXll 
barbituric acid 8.()76 9.16 Riboflavin USP XXll 
benzene 19.425 0.38 Albuterol Sulfate USP XXll 

Amittiplylinc Hydrochloride USP XXll 
Clcma.otinc Fumarate USP XXll 
Clomiphcn CitralC USP X:Xll 
Diphenhydraminc Hydrochloride USP XXll 
Flurazctmn Hydrochloride USP XXII 
Levamisolc Hydrochloride BP 88 
Pyridoxinc Hydrochloride USP XXII 
Thiclh nc Malcate USP XXll 

benzene.dry 137 0.38 Tcrbutalinc Sulfate USP XXll 
benzilic acid 1.037 9.16 Clidinium Bromide USP XXII 
benzoic aldehyde 57.456 0.72 Chloramohcnicol USP XXll 
benzoinc 1.290 7.33 Clominhcn CitralC USP XXll 
benzyl chloride 3.174 l.54 Bcnzyl Bcnzoate USP XXII 
benzyl ten. butylaminc 4.940 12.30 Albutcrol Sulfate USP X:Xll 

Tcrbutalint. Sulfate USP XXII 
bromine 16.053 2.71 Albutcrol Sulfate USP XXll 

Diphcnhydraminc Hydrochloride USP X:Xll 
Micorwolc Nitrate USP X:Xll 
Tcrbutaline Sulfate USP XXll 

bromoacelYI bromide 300 15.00 Fl Hydrochloride USP XXII 
3-bromonilrObenzcnc 445 98.39 Thiethylocrazinc Maleate USP XXll 
4-bromoohenol 3.639 20.00 Clomiohen Citrate USP XXII 
bulanol 4.086 0.90 Chlorhexidi~ Ditluconate (20%) BP88 
butanone 1.293 0.80 Clobutinol (boehringer ingelheim) 

Clomiphen Citrate USP XXll 
2-buten-1.4-diol 10.502 3.66 Pyridoxinc Hydrochloride USP X:Xll 
calcium 722 18.32 Cakium Pantothenate USP X:XII 
calcium hydroxide 11.177 0.21 Cakium Caseinate (FOOD GRADE) 

Cakium Pantothenate USP XXll 
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Table 4 (continued}: Raw materials required to produce 48 items: amount in [kg/year]; 
prices in [USS/kg]: and for which product they arc nccdcd. 

Slartillg materials kg/year prices Prodlld 

carbon dioxide 563.200 0.50 Aluminium Hvdroxidc Gel USP XXll 
casein. acid 281.004 3.00 Calcium Cascinarc (FOOD GRADE) 
castor oil 119.249 1.98 Undccylcnic Acid USP XXJI 
caralyst 57.000 1.80 Medayldopa USP XXII 
caral)'Sl n. I 187.950 1.80 lbuorofcn USP XXII 
caralyst n. 2 92.700 1.80 lbuorofcn USP XXII 
CCIVI chloride 12324 6.72 Cctvl 

. .. . 
um Chloride USP XXJI 

charcoal 100.975 3.15 Albutcrol Sulfate USP XXll 
Allopurinol USP XXII 
Amilriplylinc Hydrochloride USP XXll 
Ascorbic Acid USP XXII 
Carbamazcpinc USP XXII 
Chloramphcnicol USP XXII 
Clemasrinc Fumarate USP XXll 
Clomiphcn Citra1e USP XXII 
Diphenhydraminc Hydrochloride USP XXJI 
Dipyridamolc USP XXll 
Aurazcpam Hydrochloride USP XXJI 
Hydrochlorolhiazidc USP XXll 
Ibuprofen USP XXll 
lsoniazid USP XXII 
lsosorbidc Dinitra1e USP XXll 
Melhyldopa USP XXII 
Mcuonidazolc USP XXII 
Miconazole Nitrate USP XXII 
Nalidixic Acid USP XXII 
Niacinamide USP XXll 
Propranolol Hydrochloride USP XXll 
Pyridoxinc Hydrochloride USP XXll 
Sulfamclhoxazole USP XXJI 
Thicthylpcrazine Maleatc USP XXll 

4-chloroaccaoohenonc 956 12.17 Clcmastine Fumarate USP XXll 
3-chloroanilinc 2.897 9.16 Hydrochlorothiazide USP XXll 
4-chloroanilinc, 23.305 S.27 Chlorhcxidinc Digluconare (20%) BP88 
hvdrochloride 
chlorobcnzenc 829 0.82 Clemastinc Fumarate USP XXll 
2-chlorobenzoic acid. 440 7.33 Thicthylperazinc Maleale USP XXJI 
nnl2llium sail 
4-chlorobenzyl chloride 2.664 8.43 Clobu1inol (boehringcr ingclhcim) 
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Table 4 (continued): Raw materials required to produce 48 items: amount in [kg/year]; 
prices in [USS/kg); and for which product they arc needed. 

Slartillg materials kg/year prices Product 

chloroform 99.436 0.71 Albutcrol Sulfate USP XXII 
Amiaiplylinc Hydrochloride USP XXII 
Calcium PantOlhenalC USP XXII 
Clcmastinc Fumarate USP XXII 
Clidinium Bromide USP XXII 
Clomiphcn Citrate USP XXII 
Dipyridamole USP XXII 
Metronidazolc USP XXII 
Pyridoxinc Hydrochloride USP XXII 
lbidhylpcrazinc Maleate USP XXII 

5-chloro-2-mcthoxybcnzoic 1.726 3.05 Glibcnclamide BP 88 
acid mcthvlcstcr 
1-(3-chJoropropyl)-4- 182 30.53 lbidhylpcrazinc Maleate USP XXII 
mcdlvl · 
chlorosulfonic acid 35.885 0.35 Glibcnclamide BP 88 

Hydrochlorodliazide USP XXII 
citric acid 1.064 1.61 Oomiohcn Citrate USP XXII 
cobalt naohlhcnate 130 @0.00 Bcnzoic Acid USP XXII 

"'""""' \l)oxide 16 1.49 Thicthylperazine Maleate USP XXII 
CODPCf oowdcr 189 3.05 Thicthylocrazinc Maleate USP_ XXII 
N-cyanamido-dilhiomelhyl- 38.700 13.75 Cimetidine USP XXII 
carbonate 
cyanoaceaamide 9.450 22.24 Alloourinol USP XXII 
4-c, ·dine 36.696 s.so lsoniazid USP XXII 
3-c _, -·--, I ;dine 137.900 4.89 Niacinamide USP XXII 
cyclohexylisocyanate 680 6.11 Glibcnclamide BP 88 
cysteamine. hydrochloride 30.240 18.33 Cimetidine USP XXII 
dibcnzosubcrone 5.028 50.53 Amittiptyline Hydrochloride USP XXll 
dibcnzoyl-L-tarWic acid 3.121 6.87 Chloramphenicol USP XXll 

Clemastine Fumarare USP XXH 
3.5-di(bcnzyloxy)aceto- 459 189.87 Terbulaline SulfalC USP XXll 
nhf!none 

2.4-dichloroacetoohenone 5.840 17.51 Miconazole Nitrate USP XXII 
2.4-dichlcr.obenzyl chloride 3.240 4.89 Miconawle Nitrate USP XXII 
1.2-dichloroelhane 600.000 0.49 Ascorbic Acid USP XXII 
dichloromethane 647.714 0.63 Chlorarnphenicol USP XXll 

Flurazcpam Hydrochloride USP XXll 
Levamisole Hydrochloride BP 88 
Miconazole Nitrate USP XXll 
Pyridoxine Hydrochloride USP XXll 
Sulfame1hoxazole USP XXll 

diethanolamine 16.980 0.80 Dipyridamole USP XXll 
dielhylamine 5.288 1.07 Calcium Pantothenaae USP XXll 

Dielhyltoluamide USP XXll 
diethylaminoethyl chloride. 3.801 12.98 Clomiphen Citraae USP XXll 
hydrochloride Flurazirnam Hvdrochloride USP XXll 
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Table 4 (continued): Raw materials required to produce 48 items: amount in [kg/year): 
prices in [USS/kg]: and for which product they arc needed. 

Startiag materials kg/year prices Prodlld 

diethyl malonate 19.990 2.02 Nalidixic Acid USP XXII 
diethvl oxalate 246.750 4.67 Sulfamcthoxazole US~ XXII 
dimethylaminc. 528 3.85 Clobutinol (boehringer ingelhcim) 
hydrochloride 
2-(dimcthylamino)cthanol 8.551 1.77 Di • _:_ ___ inc Hydrochloride USP XXII 

3-(dimcthylamino)propyl- 7.634 13.43 Amilriptylinc Hydrochloride USP XXII 
chlorid. hvdrochloride 
3.4-dimcthylanilinc 8.383 8.55 Riboflavin USP XXII 
dimclhylfonnamide. drv 366 !.19 Aurazcpam Hydrochloride USP XXII 
dimethylsulfoxide 44.223 I.OS Lcvamisolc Hydrochloride BP 88 

Miconazolc Niuare USP XXII 
dioxanc 67.958 3.15 Diovridamole USP XXII 
diphcnylcthcr 2.716 2.54 Nalidixic Acid USP XXII 
diohcnylmclhanc 5.715 3.66 Diohcnhydraminc Hydrochloride USP XXII 
disodium vcrsenate 400 15.57 Ascorbic Acid USP XXII 
cpichlorhydrinc 4.791 1.50 ::- lol Hydrochloride USP XXII 
ethanol 710.269 0.40 Albuterol Sulfate USP XXII 

Amitriptyline Hydrochloride USP XXII 
Chlorhcxidine Digluconare (20% > BP88 
Cimetidine USP XXII 
Clemastinc Fumarare USP XXII 
Clobutinol (boehringer jngelheim) 
Clomiphen Ciuate USP XXII 
Diphenhydraminc Hydrochloride USP XXII 
Aurazepam Hydrochloride USP XXll 
Hydrochlorothiazide USP XXll 
lsoniazid USP XXII 
lsosorbide Diniuate USP XXII 
Nalidixic Acid USP XXII 
Pyridoxine Hydrochloride USP XXII 
Strong Cetrimide Solution (40%) BP 88 
Thicthylocrazine Maleate USP XXII 

ethanol. dry 149.512 0.59 Allopurinol USP XXII 
Ascorbic Acid USP XXII 
Clobutinol (bochringer ingelheim) 
Clomiphen Ciuate USP XXII 
Diphcnhydramine Hydrochloride USP XXII 
Propranolol Hydrochloride USP XXII 
Pyridoxine Hydrochloride USP XXII 
Terbutaline Sulfaie USP XXII 
Thicthylocrazine Maleate USP XXII 
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Table 4 (continued~: Raw materials required to produce 48 items; amou~u in [kg/year]; 
prices in [USS/kg); and for which product they arc needed. 

Starti02 materials ka/year prices Prodlld 
ether 54.483 3.04 Albu1erol Sulfa1e USP XXII 

Amilriptyline Hydrochloride USP XXII 
Qcmastine Fumarare USP XXII 
Clidinium Bromide USP XXII 
Clobutinol (bochringcr ingelhcim) 
Clomiphcn Cittatc USP XXII 
Dielhylloluamide USP XXII 
Diphcnhydramine Hydrochloride USP XXII 
Aurazepam Hydrochloride USP XXII 
Hydrochlorolhiazide USP XXII 
lsosorbide Dinilr.lle USP XXII 
Lcvamisole Hydrochloride BP 88 
Riboflavin USP XXII 
Strong Cetrimide Solution (40%) BP 88 
Terbulaline Sulfate USP XXII 
Thielhylperazine Malcate USP XXII 

ether, dry 7.680 3.04 Clemastine Fumara1e USP XXII 
Clobutinol (boehringcr ingelheim) 
Terbulalinc Sulfate USP XXII 

ethoxyethano! 41,784 0.79 Chlorhexidine Digluconate (20%) BP88 
ethyl aceaa1e 46.152 0.83 Albuterol Sulfa1e USP XXII 

Cimetidine USP XXII 
Clemas1ine Fumarale USP XXII 
Dipyridamole USP XXII 
Metronidazole USP XXII 

elhyl acetoacetate 99.145 2.34 Cme1idine USP XXII 
Dipyridamole USP XXII 

ethyl bromide 2 2.80 Amitrip1yline Hydrochloride USP XXII 
elhyl chloroacetale 219.900 1.00 Ibuprofen USP XXII 
ethylen oxide 62.496 2.50 Meuonidazole USP XXII 
ethyl formale 8.000 0.81 Chloramphenicol USP XXII 
ferrous sulfale 32 0.08 Chloramphenicol USP XXll 
filler aid 7,764 0.65 Chloramphenicol USP XXII 

Diphenhydramine Hydrochloride USP XXII 
Ibuprofen USP XXll 
Sulfamcrhoxazole USP XXII 

formaldehyde. cone. 482,861 0.24 Albuterol Sulfate USP XXII 
Calcium Pan101hena1e USP XXII 
Cimetidine USP XXJI 
Hydrochlorothiazide USP XXH 
Strong Cetrimide Solution ( 40%) BP 88 

formamide 50.696 1.39 Allopurinol USP XXJI 
Pyridoxinc Hydrochloride USP XXII 

formamidine. hydrochloride 11.250 2.44 Alloourinol USP XXII 
formic acid. cone. 669.400 0.69 Metronidazole USP XXII 

Strong Cetrimide Solution (40%) BP 88 
fumaric acid 510 1.46 Clemas1ine Fumarate USP XXII 
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Table 4 (continued}: Raw materials required to produce 48 items; amount in [kg/year); 
prices in [USS/kg]; and for which product they are needed. 

Starting .. tenm kg/year prices Prodlld 

gluconic acid (50%) 45.635 0.86 Chlorbexidine Digluconatc (20%) BP88 
L-glutamic acid 4.673 4.89 Levamisole Hydrochloride BP 88 
guanidinc. hydrochloride 135.981 l.33 Ta· .:. .. USPXXll . 5.()1)9 0.22 Calcium Panlodlenate USP XXII 
hcxamclhylcneleuamine 76 1.22 fl H" . .:.:.. USP XXII 'J 

n-hexane 21.061 0.36 Vilamin E Acelalc USP XXII 
hcxane-1.6-diaminc. 19.0W 5.50 Chlorbexidine Digluconarc (20%) BP88 
dihvdrochloride 
hydrazine hydr.lle 43.446 2.76 Allopurinol USP XXII 

lsoniazid USP XXII 
hydrobromic acid (48~) 460.000 0.93 Melhyldopa USP XXll 
hydrochloric acid. cone. 1.808.178 0.06 Albulerol Sulfate USP XXll 

Ascorbic Acid USP XXII 
Calcium Pan10lhcnarc USP XXII 
Chloramphenicol USP XXll 
Cimelidine USP XXII 
Clemastinc Fumarare USP XXll 
Qidinium Bromide USP XXll 
Clobutinol (boehringer ingelhcim) 
Dielhylloluamide USP XXll 
Diphenhydramine Hydrochloride USP XXII 
Dipyridamole USP XXII 
Glibenclamide BP 88 
Hydrochlorodliazide USP XXII 
Ibuprofen USP XXII 
Nalidixic Acid USP XXII 
Pyridoxine Hydrochloride USP XXll 
RiboOavin USP XXII 
Slrollg Ce:rimide Solution (40%) BP 88 
Terbulaline Sulfate USP XXII 
Thielhylperazine Maleate USP XXII 
Vitamin E Acetale USP XXII 

hydrogen gas 282 10.85 Albulerol Sulfale USP XXll 
Dipyridamole USP XXII 
RiboOavin USP XXII 

hydrogenated solution from 1.000.000 0.40 Mannitol USP XXll 
hydrogenation plam of 
sorbitol (amount given as 
drv substance l 
hydrogen chloride gas 42.641 1.32 Ascorbic Acid USP XXll 

Calcium Pant01hcna1e USP XXll 
Diphcnhydramine Hydrochloride USP XXII 
Flurazepam Hydrochloride USP XXll 
Levamisole Hydrochloride BP 88 
Prooranolol Hydrochloride USP XXll 
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Table 4 (continued): Raw materials required to produce 48 items; amount in [kg/year]; 
prices in [USS/kg]; and for which product they arc nccdcd. 

Slarti9g materials qi year prices Prodlld 

hydrogen peroxide. cone. 128.650 1.04 Chloramphcnicol USP XXII 
lbuorofcn USP XXll 

4-bydroxJ 
. 

8.596 15.27 Albuterol Sulfate USP XXll 
2-(2-hydroxyelhyl)-l- 1.286 4.89 Clemastinc Fumarate USP XXll 
mcth-· ·- .. 
hydroxylamine sulohate 139.029 2.20 Sulfamelhoxazole USP XXll 
3-bydroxyquinuclidine 455 351.51 Oidinimn Bromide USP XXII 
ice SOfs.146 0.00 Allopurinol USP XXll 

Clemastine Fumarate USP XXII 
Oidinium Bromide USP XXll 
Oobutinol (bochringer ingelheim) 
Dipyridamole USP XXII 
Aurazcpam Hydrochloride USP XXll 
Glibenclamide BP 88 
Levamisole Hydrochloride BP 88 
Metronidazole USP XXll 
Tbielhylperazine Maleate USP XXll 

imidazole 5.840 6.72 Miconazole Nitrate USP XXII 
iminostilbene 19.634 85.00 Carbamazepine USP XXll 
2-imino-1.3-lhiazolidine 9.307 9.16 Lcvamisole Hydrochloride BP 88 
iodine 7 20.00 Amilriplyline Hydrochloride USP XXll 

Tbielh.J:r-._:ne Maleate USP XXll 
iodometbane 3 24.41 Clomiohcn Ciuate USP XXll 
iron 481 0.51 Tbielhyloerazine Maleate USP XXll 
isobutanol 93.600 0.90 RiboOavin USP XXII 
isobutylbenzcne 169.200 4.50 Ibuprofen USP XXII 
isoburyric aldehyde 12.923 1.04 Calcium Panlolhenatc USP XXII 

Pyridoxine Hydrochloride USP XXll 
isophyaol 21.109 34.00 Vilamin E Acetate USP XXII 
isopropanol 47.466 0.61 Cbloramphenicol USP XXll 

Cimetidine USP XXII 
Clemasline Fumaratc USP XXll 
Clidinium Bromide USP XXII 
Levamisole Hydrochloride BP 88 
Miconazole Nitra1e USP XXII 

isopropanol. dry 5.271 0.61 Fropranolol Hydrochloride USP XXII 
isopropyl amine 3.624 3.26 :1UU1•111ulol Hydrochloride USP XXII 
isoproovl elher 571 1.74 Clemastine Furnaraae USP XXII 
magnesium 2.163 3.15 Ami1rip1yline Hydrochloride USP XXll 

Clemastine Furnaraae USP XXll 
Clobutinol (boehringer ingelheim) 
Clomiphen Citrate USP XXll 
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Table 4 (continued}: Raw materials required to produce 48 items; amount in [kg/year]; 
prices in [USS/kg]; and for which product they arc needed. 

StartiDg aateriU qi year prices Prodlld 

magnesium sulfate 68.934 0.33 Calcium Pantodtcnatc USP XXll 
Oomiphcn Citrate USP XXll 
lsosorbidc Dinitrate USP XXII 
Magnesium Ste.ate NF XVII 
Miconazole Niua1e USP XXII 
Vitamin E Accaate USP XXII 

maize starch 25.500 0.70 As..'Ubic Acid USP XXII 
maleic acid 160 3.20 Thielh.,. Malcale USP XXII 
methanol 378.946 0.15 Ascorbic Acid USP XXll 

Calcium Pantothcnatc USP XXII 
Carbamazcpine USP XXII 
Chloramphcnicol USP XXII 
Chlorhcxidinc Digluconatc (20%) BP88 
Cimctidinc USP XXII 
Clidinium Bromide USP XXII 
Oomiphcn Citrare USP XXll 
Aurazepam Hydrochloride USP XXII 
Glibcnclamide BP 88 
Hydrochloro:hiazide USP XXII 
Meb'Ollidazole USP XXIJ 
Miconawlc Nitrate USP XXII 
Pyridoxinc Hydrochloride USP XXII 
Riboflavin USP XXII 
Tcrbulalinc Sulfate USP XXIJ 
Thielhylperazinc Malcate USP XXll 

methanol. dry 75276 0.15 Calcium Pantothcnatc USP XXII 
Aurazepam Hydrochloride USP XXII 
Tcrbulalinc Sulfa1e USP XXII 
Thielhylperazinc Maleate USP XXII 
Trimethoorim USP XXIJ 

3-methox ypropionittilc 48.008 3.66 Trimethoorim USP XXII 
melhylamine (41%) 79.200 0.76 Cimctidinc USP XXII 
3-methylbcnzoic acid 1.531 3.82 Diethyltoluamidc USP XXll 
mcthylbromidc 90.292 1.70 Clidinium Bromide USP XXII 

)tronl Cetrimide Solution (40%) BP 88 
methyl 2-chloroorooionate 127,000 3.42 MethyJdoDa USP XXII 
methyl dichloroacctatc 8,480 1.78 Chloramohcnicol USP XXII 
2-methylimidazole 36,450 11.57 Meuonidazole USP XXII 
4-methylocntan-2-ol 234 1.71 Tbicthyloerazinc Maleate USP XXll 
1-naphtol 6,783 3.99 ;- Joi Hydrochloride USP XXII 
nickel sulfate 46.000 5.18 Ascorbic Acid USP XXIJ 



UNIDO C-lnd 911211. Projed:SF!IRAMMI 
Prof. Dr. C. R. Noc 

Summary Page 41 

Table 4 (continued): Raw materials required to produce 48 items; amount in [kg/year]; 
prices in [USS/kg]; and for which product they arc nccdcd. 

Slarti9& ...nu kg/year prices Prodlld 

Rittie acid. cone. 340.234 0.71 Chknmphcnicol USP XXll 
Dipyridamolc USP XXll 
1sosorbidc Dinilnlc USP XXII 
Melronidazolc USP XXll 
Miammle Nitta USP xxn 

octanol I 2.0S -- -. ·• USPXXll 
olcum 965.000 0.07 AscodJic Acid USP XXll 

- ... ~ solvent 165.4.50 0..50 lbulJro(cn USP XXll 
palladium on charcoal IO 366.40 Dipyridamolc USP XXII 

Tcrbulalinc Sulfale USP XXll 
parafonnaldehydc 62.078 0.15 CimctidiDc USP XXII 

Clobulinol (bochringcr inKlhcim) 
. - - 2.907 035 Lcvamisole H~ - . . . 

BP88 ·--
pclrolcthcr 1.978 0.29 Clomipbcn Citrate USP XXII 

Nalidixic Acid USP XXll 
2 • • laminc 1.252 6.11 Glibcnclamidc BP 88 

. acid 12.545 0.10 Calcium C:aseinaac (FOOD GRADE) 
phosphor pcncachloridc 44.9"...2 1.13 Clidinium Bromide USP XXll 

Clomiphcn CitralC USP XXIJ 
D:-.. . . . USPXXll . 

ocntoxidc 42.467 1.87 Pyridoxinc Hydrochloride USP XXII . . 
lrichloridc 2.512 0.90 Clomiphcn Cittate USP XXll ... 

6.876 6.11 Dilr • ." - . USPXXll 
pivalic acid 32.400 2.75 Riboflavin USP XXIJ 
powsium carbonate 21.152 0.78 Diclhyboluamidc USP XXII 

Dipyridamole USP XXll 
Lcvamisolc Hydrochloride BP 88 

pocassium hydroxide 1.256.189 0.81 Ascorbic Acid USP XXll 
Clcmaslinc Fumar21e USP XXll 
Clobulinol (bochringcr ingclhcim) 
Diphcnhydraminc Hydrochloride USP XXJI 
Dipyridamole USP XXll 
Miconazolc Nitrate USP XXJI 

pyridine IOS.838 6.11 Cetylpyridinium Chloride USP XXJI 
Sulfamethouzole USP XXll 
Thiclh,. nc Malcate USP XXll 

quinolinc 1.924 3.28 Thieth.,:_ _ _:nc Maleatc USP XXll 
raney nickel catalyst 1.746 24.43 Riboflavin USP XXll 
raoe oil S.000 1.01 Ascorbic Acid USP XXll 
D-ribose 10.487 112.97 RiboOavin USP XXll 
salt n. I 62.100 0.70 lbuorofcn USP XXll 
salt n. 2. soln. 99.000 0.70 Ibuprofen USP XXII 
sail n. 3 20.400 0.70 Ibuprofen USP XXll 
silicic acid - aluminium 11.409 15.27 Viaamin E Acetalc USP XXll 
oxide 
silicon oil 2.000 6.11 Ascorbic Acid USP XXll 
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Table 4 (.continued).: Raw materials required 10 produce 48 items: amount in [kg/year): 
prices in [USS/kg); and for which product they arc nccdcd. 

scam.a .-rials qi year pritts Ptodlld 
sodium 82 3.26 Oidinimn Bromide USP XXJI 
sodium acctalC 163.S53 1.37 Albotm>I Sulfate USP XXll 

Ribollavin USP XXll 
Sulfamahouzolc USP XXil 
Terbulaline Sul&le USP XXII 
Vilamin E Acctalc USP XXIl 

sodiumamide '11J1 7.33 Clcmasbnc Fumanle USP XXII 
sodium bicarbolmc 1.124.239 0.28 Aluminium Hydroxide Gel USP XXll 

Cbloramphcnicol USP XXII 
Ibuprofen USP XXII 
Sulfamdhouzole USP XXII 

sodium bisulfilC 6.505 0.40 Oloramphcnicol USP XXll 
Vitamin E AceWc USP XXII 

sodium borbydride 280 48.39 Micooazole Nitrale USP XXII 
sodium bromide 8.000 0.93 Ch" . .• USPXXII 

sodium carbooale 1.457.452 0.86 Albulerol Sulfate USP XXII 
Aluminium Hydroxide Gel USP XXll 
Amiaiplybnc Hydrochloride USP XXll 
Ascorbic Acid USP X:Xll 
Chlomnphcnicol USP XXII 
Cimetidinc USP XXII 
Clemaslinc FumaralC USP XXII 
Diphenhydramine Hydrochloride USP XXII 
Isosorbidc Dininc USP XXII 
Levamisole Hydrochloride BP 88 
Miconazole Niuaac USP XXII 
Thielhylperazinc Malcarc USP XXll 

sodium chloride 71.175 0.52 Calcium Panrodlenate USP XXll 
Dierhylroluamidc USP XXll 
Diphenhydraminc Hydrochloride USP XXII 
Hydrochlorolhiazide USP XXII 
Vitamin E Acetate USP XXII 

sodium cyanarc 10.601 1.74 \..al' USPXXll 
sodium cyanide 47.C'/17 1.87 Calcium Pantothenate USP XXll 

Medlyldopa USP XXJI 
sodium dicyanamide 17.991 2.81 Chlorhexidinc Diglucona1e (20%) BP88 
sodium crhoxide 3.520 3.80 ::- lol Hydrochloride USP XXll 
sodium hydride suspension 14.236 9.83 Levamisole Hydrochloride BP 88 
(~) 
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Table 4 (continued): Raw materials required to produce 48 items; amount in [kg/year]; 
prices in [USS/kg]; and for which product they arc nccdcd. 

s..rtmg ...aaials q/yar prices Prodlld 
sodium hydroxide{~) 4.583.484 0.30 Almninimn Hydroxide Gel USP XXII 

Calcimn Pantolbcnatc USP XXll 
Olorampbenicol USP XXD 
Ollorhexidine Digluconale (~) BP88 
Cimetidine USP XXD 
Oidinium Bromide USP XXII 
Clomipheo Citrate USP XXII 
Diedlylloluamide USP XXII 
Diphcnhydraminc Hydrochloridc USP XXII 
Dipyridamole USP XXII 
Aurazcpam Hydrocbloridc USP XXII 
Gblaclamidc BP 88 
Hydrocblorodliaz USP XXII 
Ibuprofen USP XXII 
lsoniazid USP XXD 
Levamisole Hydrochloride BP 88 
Magncsimn Srearatc NF XVII 
Mcuonidazolc USP XXII 
Nalidixic Acid USP XXII 
Pyridoxinc Hydrochloride USP XXII 
Sodium Benzoare NF XVll 
Slrollg Ceuimide Solution (40%) BP 88 
Sulfamedloxazole USP XXII 
lbielhylperazine Maleate USP XXII 
Undecylenic Acid. Zinc Sall 
Vitamin E Acerare USP XXII 
Zinc Saearare USP XXII 

sodiumhYPOChlorite (I S'ili) 121.814 0.23 Sulfametbrxazole USP XXII 
sodium hYPOSulfire l.4SS 0.20 Sulfamelhoxazole USP XXll 
sodium me1hollid1,; 226.702 1.17 Allopurinol USP XXII 

Clomiphen Ciuare USP XXll 
Aurazepam Hydrochloride USP XXII 
Pyridoxine Hydrochloride USP XXII 
Sulfamelhoxazole USP XXII 
T. . 

.~m USPXXIJ 
sodium nitrite 49.1SS 0.92 Cimetidine USP XXII 

Riboflavin USP XXII 
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Table 4 (continued): Raw materials required to produce 48 items; amount in [kg/year]; 
prices in [USS/kg); and for which t1roduct they arc nccdcd. 

S&arti81 materials q/yar prias Prodlld 

sodium sulfate 91.513 0.13 Albuterol Sulfate USP XXII 
CaJcium Pantothenale USP XXII 
Clalwline Fwnar.ue USP XXII 
Oidinium Bromide USP XXII 
Clobutinol (boehringcr ingclheim) 
Clomiphcn Ciua1e USP XXII 
Dipyridamole USP XXII 
Awazcpam Hydrochloride USP XXll 
Hydrochlorothiazide USP XXll 
Miconazolc Niua1e USP XXll 
Pyridoxine Hydrochloride USP XXII 
Sulfamelhoxazole USP XXII 
Thiedlylpcrazine Maleate USP XXII 
Undecylenic Acid USP XXII 

sodium sulfire. soln. S.091 0.20 Sulfamethoxazole USP XXII 
solvent I 466.000 o.so Methyldopa USP XXII 
solvent 2 148.000 O.SO Melhyldopa USP XXII 
solvent n. I 270.000 O.SO Ibuprofen USP XXII 
solvent n. 2 90.ISO O.SO Ibuprofen USP XXII 
D-sorbitol 1.037.984 1.13 Ascorbic Acid USP XXII 

lsosorbide Diniuate USP XXII 
steam 1.280.330 0.00 Benzoic Acid USP XXII 

Undecylenic Acid USP XXII 
stearic acid 566.444 0.65 Magnesium Stearate NF XVII 

Zinc S1cara1e USP XXll 
styrene oxide 10.935 4.27 Levamisolc Hydrochloride BP 88 
sulfur 107 0.29 Thielhylpcrazine Malea1e USP XXll 
sulfuric acid. cone. 1.948.618 0.08 Albuterol Sulfa1e USP XXll 

Allopurinol USP XXll 
Aluminium Hydroxide Gel USP XXll 
Cakium Pantodlenale USP XXII 
Carbamazcpine USP XXll 
Chloramphenicol USP XXll 
Dipyridamole USP XXll 
Ibuprofen USP XXll 
lsosorbide Dinib"ale USP XXll 
Meuonidazole USP XXll 
Sulfamerhoxazolc USP XXll 
Tcrbulalinc Sulfaie USP XXII 

L-wtaric acid 240.428 3.64 Chloramphenicol USP XXll 
Methyldopa USP XXll 
Thierhylpcrazine Malea1c USP XXll 

l-1euadecaneamine 324.896 3.0S Suona Cetrimide Solution (40%) BP 88 
1euahydrofurane. dry 6.841 2.82 Amib"iptyline Hydrochloride USP XXll 

Clomiohen Cilr31C USP XXll 
thioelhanol 206 3.66 Thierhyloerazine Malea1c USP XXll 
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Table 4 (continued): Raw materials required to produce 48 items; amount in [kg/year]; 
prices in [USS/kg); and for which product they arc nccdcd. 

Star1img .. aerials q/yar prices ProdllCI 

tbionyl chloride 15.561 1.21 Cltmastine Fwnarale USP XXII 
Clomipben CittalC USP XXII 
Diethylloluamide USP XXII 
Levamisolc HJ . •.• BP88 

tbiourca 6.619 3.05 uipyr 
.. • USPXXII 

toluene 1.434.167 0.30 Benzoic Acid USP XXII 
Celylpyridinium Odoride USP XXII 
O.lorampbenicol USP XXII 
Oidinimn Bromide USP XXII 
Diethyboluamidc USP XXII 
Flurazcpam Hydrochloride USP XXII 
Miconamle NittalC USP XXII 
Pyridoxinc Hydrocbloride USP XXII 
Sulfametbouzole USP XXII 
Thictbylperazinc Maleale USP XXII 
Vitamin E Acelale USP XXII 

toluene. drv 2.213 0.30 Oidinium Bromide USP XXII 
p-tolucnc sulfonic acid 111 4.27 Isosorbide Dinitrate USP XXII 

Pyridoxine Hydrochloride USP XXll 
p-tolucne sulfonyl chloride 6.056 2.14 Levamisole Hydrochloride BP 88 
trichloroethylcne 199.<XX> 0.72 Ascorbic Acid USP XXII 

Chloramohenicol USP XXII 
tricthoxymethanc 15.548 2.44 Nalidixic Acid USP XXII 
trietbylamine 501 1.22 Benzyl Benzoatc USP XXII 

Clomiphen Citrare USP XXII 
Levamisole Hydrochloride BP 88 

trielhyl . 
IC 17.792 2.44 Nalidixic Acid USP XXII 

3.4.S-lrimctboxy- 93.207 25.88 Trimetboprim USP XXII 
benzaldehvde 
2.3.S-trimelhylhydroquinonc 11.409 14.05 Viramin E Acera1e USP XXII 
urea 58,475 0.21 Chloramphenicol USP XXII 

Dipyridamole USP XXII 
veraualdchyde 147.<XX> 5.70 Mclhyldopa USP XXII 
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Table 4 (continued): Raw materials required to produce 48 items: amount in [kg/year]: 
prices in [USS/kg): and for which product they arc needed. 

:_ .:_ materials 

water 19.445.433 0.00 Albulcrol Sulfa1c USP XXll 
Allopurinol USP XXll 
Amilriplylinc Hydrochloride USP XXll 
Bcnzoic Acid USP XXII 
Bcnzyl Bcnzoare USP XXII 
Cakium Cascinale (FOOD GRADE) 
Cakium Panlodtcnate USP XXU 
a.torhcxidinc Diglucooate (:?O'k) BP88 
Cimctidinc USP XXII 
Clcmastinc Fumaratc USP XXII 
Clidinium Bromide USP XXII 
Clobutinol (bochringcr ingclhcim) 
Clomiphcn Ciuatc USP XXII 
Diclhyboluamidc USP XXII 
Diphcnhydraminc Hydrochloride USP XXll 
Dipyridamolc USP XXll 
Aurazcpam Hydrochloride USP XXll 
Glibcnclamidc BP 88 
Hydrochlorothiazidc USP XXll 
lsoniazid USP XXll 
lsosorbidc Diniuatc USP XXll 
Lcvamisolc Hydrochloride BP 88 
Magnesium Slcarate NF XVII 
Mcb'Ollidazolc USP XXII 
Miconazolc Niuatc USP XXII 
Nalidixic Acid USP XXII 
Propranolol Hydrochloride USP XXll 
Riboflavin USP XXII 
Sb'Ollg Cctrimidc Solution ( 40%) BP 88 
Sulfamcthoxazolc USP XXII 
Tcrbutaline Sulfate USP XXII 
Thicthylperazinc Malcate USP XXll 
Trimcthoprim USP XXll 
Undccylcnic Acid USP XXll 
Undecylcnic Acid. Zinc Salt 
Vitamin E Acetate USP XXll 
Zinc Srearate USP XXll 
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Table 4 (continued}: Raw materials required to produce 48 items; amount in [kg/year); 
prices in [USS/kg); and for which product they arc needed. 

:_ .:-. materials . prices Prodlld _,~--

water. dist. 1.663.672 0.01 Albutcrol Sul£a1e USP XXII 
Benzyl Benzoare USP XXII 
Carbamazepine USP XXII 
Cerylpyridinium Chloride USP XXH 
Cblorhexiciine Digluconare (20%) BP88 
Dipyridamole USP XXII 
Hydrochklrollliazide USP XXII 
Niacinamide USP XXll 
Trime•L USPXXII 

xylene 6.490 0.29 O.lomnphenicol USP XXII 
lsosorbide Dinilrale USP XXll 
Thielhylperazine Maleale USP XXII 

zinc chloride 140.915 1.22 Undecylenic Acid. Zinc Sall 
Vilamin E Acetale USP XXll 
Zinc Slearate USP XXII 

zinc powder 1.880 1.47 Viwnin E Acerale USP XXII 

It must however be yointed out that many companies refused to place offers for chemicals 

bound for Iran. due to fears that they might be involved into affairs of chemical weapons 

production. Therefore for some critical chemicals no offer for expon to Iran could be 

obtained. As a result of the present international situation it must be stated that it seems a 

prerequisite for the implementation of the present project to establish a control system for 

the plant. following the Geneva convention on the ban of chemical weapons. which will 

guarantee technology. equipment and raw materials suppliers that their activities might not 

have negative effects. This concern was found with most of the companies contacted. It 

must be pointed out that most companies relied on the involvement of UNIOO. so that it 

has to be doubted. whether the proposed project could be carried out without participation 

of an In!emational Organization. 

6.3.4. INTERRELATION: RAW MATERIALS • ECONOMIC EFFICIENCY -

OPERATING MARGIN 

A first impression of the economical feasibility of a process can be achieved by a 

comparison of raw material costs and expected sales revenues (= Operating Margin) 

(Table 5). 
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Table 5: Cost of Sta!ting Materials in Percent of Sales Revenues and Operating Margin 

plOduccd saksincnun COSIS ol swttnii cost ol Slalliag opcnlinJ 
Products ipmllity (USS/)ur) materials materials ill pm:all marsm 

llllrnrl IL'SSMarl ol saJn KYCllllCS IUSS/Yearl 

USPXXII 100.0 1.000.000 3.264..SI I •• 4.73S.419 

Ascoitlic Kid USP XXll ~-0 6..S00.000 3.711.412 SI 2.711.~8 

Alumini- lwcllmidc ~I USP XXII S.000.0 9..S00.000 6.918.904 73 2..Sll.096 

Celrimicle BP II 1.000.0 3.280.000 1.186.086 SS 1.39~.91( 

ClalodlWcline • BPll IM.O 1.640.000 399.3S9 24 1.2.CO.MI . USPXXII 18.0 2.790.000 l.744.4S9 63 1.00..541 

l'imdicliae USPXXII so.o 2.SS0.000 1.661.MI 6S IU.3S2 

Clobaliaol HO (Bocbr. lucl.) 2.0 87S.OOO 46.126 s 821.174 

Ommrine ,_c USP XXll 0.2 700.000 47.371 7 6S2.629 . USPXXll 16.0 1.120.000 413.913 43 636.<>87 

Niaciamaidr USP XXll 100.0 1.J00.000 700.llOS S4 S99.19S 

Thicdt a.lalC USP XXll 0.4 6SO.OOO 66.463 10 SU..537 

l'Yridolis bydnJcbloridc USP XXll 20.0 860.000 •22.089 49 ()7.911 
- citnlc USP XXII 2.0 630.000 202.JSS 32 427.MS 

Mmmilol USP XXll 100.0 4SO.OOO 47.000 10 C03.000 

Clidinium '-nidc USP XXll 1.0 SS0.000 114.<P-S 33 36S.97S 

Glibcndmlide BP U 2.0 380.000 27§16 7 3S?.924 

Calc:ium cascinatc (food 'radc) 280.0 1.120.000 846.S6S 76 273.43S 

Nalidixic acid 8.0 SZ0.000 301.034 SS 211.966 

CclvlDVridinium chloride USP XXll 16.0 320.000 107.119 34 212.111 

Mic:aaacolc nitrMe USP XXll 4.0 420.000 246.2.CO S9 173.760 

Zinc andttvlcmle USP XXll 24.0 360.000 193.001 S4 166.999 
- 'ol USPXXll 8.0 2.C0.000 I0.317 33 IS9.683 . 
Amilrilllvlinc hvdrocbloride USP XXll 7.0 S39.000 420.736 78 111.264 

8cnzoic acid USP XXll so.o 132.SOO 27.463 21 IOS.037 

Alloaurinol USP XXll 9.0 •S0.000 3SJ.s:l4 79 96.466 
Tcrbulalinc sulf81C USP XXll 0.2 200.000 112.123 S6 17.877 

lsosolbide dini1n1e. dilulCd USP XXll s.o llj.000 41.47S 33 13.Slj 

Levunisolchvclrocll~ridcBPll 6.0 4SO.OOO 382.861 SS 67.139 

Mamcsium 11Cat11e NF XVII 60.0 90.000 48.873 S4 41.127 

DiPvriclamolc USP XXll 4.S 6S2..SOO 616.418 94 36.082 

lbunrofcn USP XXll ISO.O 2.C00.000 2.364.ISO 99 JS.ISO 

Au~USPXXll 0.2 92.000 60.763 66 31.237 
-· draminc HCI USP XXll 7.0 l?S.000 144.31S 83 30.61S 

Calcium oanlhochcnalc USP XXll 8.0 144.000 119.31S 83 2(.685 

Sodium bcnzoatc NF XVII 20.0 28.000 14.346 51 13.65• 

Zinc Slaratc USP XXll 540.0 S40.000 527.36( 91 12.636 

Dicdlyltoluamiclc USP XXll 2.0 22.SOO 16.204 72 6.296 

Bcnzvl bcn10a1e USP XXll s.o 16.000 10.Sll 66 S.467 

HvdlOdllorodliazidc USP XXll (.0 I0.000 76.SSS 96 3.445 

Unclccylcnic acid USP XXll 5.0 42..500 39..544 93 2.956 

Albutcrol USP XXll 1.0 260.000 258.780 100 1.220 

lsoniazid USP XXll 2.C.0 232.800 332.899 143 -100.099 

Riboflavin USP XXll 18.0 1..530.000 1.669.425 109 ·139.425 

Mctronidazolc USP XXll 28.C 616.000 l.<>02.399 163 ·386,399 

Vil.amine E accwc USP XXll 26.0 730.600 1.301.705 178 -571,105 

Sulfuncdlou:r.olc USP XXll 200.0 3.200.000 4..547.613 142 ·1.347.613 

Trimefhoprirn USP XXll co.o 1.560.000 2.933.489 1111 ·1.373.(89 

I •• <wttbouc ...... , .. produm1 51,19' .... :lt)tJ,771 21,191,lll I 

It can be seen that in many cases the raw material price constitutes a very high percentage 

of the end product price ( a situation which would be even worse. if transpon costs of 
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chemicals would be iRcludcd ). This low margin is not surprising in the case of estabiishcd 

"old .. bulk pharmaceutical chemicals. It makes clear that such products c2.11 only be 

manufactured economically with optimized production know how. In some cases even 

negative values were obtained. This reflects that either technologies arc starting from too 

expensive starting materials ( Trimcthoprim. Metronidazole ). In this case technology 

suppliers should be requested to include the manufacture of the starting material into their 

offer. In other cases it reflects the fact that the technological know how app:ied by the 

manufacturers is significantly superior to the level of technology available for this study. 

This refers mainly to the vitamins. for which there is a rather closed market of 

manufacturers with a high production standard. 

In relation to the investment required for the implementation of the project the operating 

margin is rather low. Maintaining the production programme as it is at present means that 

the justification of this project has to be strongly supported by the fact that it is carried out 

for the social benefit of the Nation. 

Taking into account operating margins it can also be stated that these margins as a rule arc 

much better for "younger" products. Although it must be expected that for such products 

costs of technological know how will be higher. it is recommended that some flexibility 

with respect to product alternatives is introduced into the requests for technologies to 

improve the situation concerning operating margins in the plant. A first step into this 

direction has been taken by the proposal of the 7 new compounds quoted in chapter 6.1.3 .. 

6.3.S. TECHNICAL PROCESSES - PRODUCTION 

The different steps of the selected technologies were analyzed to identify the unit reactions 

used in the plant. The result is given in Table 6. 

The list reflects a great variety of unit reactions to be perf ormcd. Their implementation 

would mean that a broad technical know how in chemical synthesis will be available in the 

plant. 
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Table 6: Unit rcacti9ns used in the plant 

U:ait ractioas Prod act 

Acctal foonation Pyridoxinc Hydrochloride USP XXII 
Acclvlation Viwnin E Acetate USP XXII 
Aldol condensation Calcium Pan1othcnate USP XXII 

- . ol USPXXII \..lll<X 

Alkylation Cimctidinc USP XXII 
Clcmastinc Fumaralle USP XXll 
Levamisolc Hydrochloride BP 88 
Mctronidazolc USP XXII 

Amide detuadation Sulfamctboxazole USP XXII 
Amide formation Diclhyltoluamide USP XXII 

Glibcnclamidc BP 88 
Aminc-Cyanamide addition Chlorhcxidinc Digluconatc (20%) BP88 
Amino nittile formation Mcdlyldooa USP XXII 
Aminolysis Chloram .• USPXXII 

Azo coupling Riboflavin USP XXII 
Bromination Albuterol Sulfate USP XXII 
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Diphenhydraminc Hydrochloride USP XXII 
Miconamlc Nittatc USP XXII 
Tcrbutalinc Sulfate USP XXII 

Carbonyl addition reaction Glibcnclamide BP 88 
Chlorination Clcmastinc Fumarate USP XXII 

Clidinium Bromide USP XXII 
Clomiphcn Ciuate USP XXII 
Diethylloluar :eUSPXXII 
Diovridamole USP XXII 

Condensation Allopurinol USP XXII 
Chlorhcxidinc Digluconatc (20%) BP88 
Hydrochlorothiazide USP XXII 
Mcthyldopa USP XXII 
Sulfamcthoxazole USP XXII 
Trimethoprim USP XXII 
Vitamin E AcetalC USP XXII 

Crack-Reaction Undecylcnic Acid USP XXII 
Cyanohydrine formation Calcium Pantolhcnatc USP XXII 
Decarboxylation Thieth;' ·nc Malcarc USP XXII 
Dehydration Amilriptyline Hydrochloride USP XXII 

lsosorbide Dinitrate USP XXII 
Die ls-Alder-reaction Pyridoxine Hydrochloride USP XXII 
Elimination ClomiDhcn CitralC USP XXII 
Enolization Ascorbic Acid USP XXII 
Ester formation Albutcrol Sulfarc USP XXII 

Benzyl Benzoarc USP XXll 
Clidii:ium Bromide USP XXII 

Ester hydrolysis Albuterol Sulfate USP XXll 
Formation of free base Chlorhcxidine Digluconate (20%) BP88 
fonnylation Ibuprofen USP XXII 
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Table 6 (continued): Unit reactions used in the plant 

Unit ructions Prod Kt 
Friedel-Crafts acylation Ibuorofcn USP XXII 
Friedel-Crafts alkylation Albuterol Sulfate USP XXII 
Grignard formation Amitriprylinc Hydrochloride USP XXII 

Clobutinol (bochringer ingelheim) 
Clominhen Ciuate USP XXII 

Grignard reaction Amitriplylinc Hydrochloride USP XXII 
Clemastine Fumarate USP XXII 
Clobutinol (bochringer ingelheim) 
Clomiohen Citrate USP XXII 

Hydrazide fonnation lsoniazid USP XXII 
Hydrobromation Chloramphenicol USP XXII 
Hydrogenation Albuterol Sulfate USP XXII 

Mannitol USP XXII 
Riboflavin USP XXII 
Terbutaline Sulfate USP XXII 

Hydrolysis Ascorbic Acid USP XXII 
Calcium Pantolhenate USP XXII 
Melhyldopa USP XXII 
Nalidixic Acid USP XXII 
Niacinamide USP XXII 
Pyridoxine Hydrochloride USP XXII 
Sulfamethoxazole USP XXII 

Ketal fonnation Ascorbic Acid USP XXII 
Chloramphenicol USP XXII 

Lactonisation Ascorbic Acid USP XXII 
Liberation of the base Clemastine Fumarate USP XXII 
Mannich reaction Clobutinol (bochringer ingelheim) 
N-Acylation Chloramphenicol USP XXII 

Aurazeoam Hydrochloride USP XXII 
N-Alkylation Albuterol Sulfate USP XXII 

Cetylpyridinium Chloride USP XXII 
Clidinium Bromide USP XXII 
Aurazepam Hydrochloride USP XXII 
Miconazole Nitrate USP XXII 
Nalidixic Acid USP XXII 
Strong Cetrimide Solution (40%) BP 88 
Terbutaline Sulfate USP XXII 
Thiethylperazine Maleate USP XXll 

N-.A.rylation Thiethylperazinc Maleatc USP XXII 
N-Fonnylation Pyridoxine Hydrochloride USP XXII 
Nitration Chloramphcnicol USP XXII 

Dipyridamole USP XXII 
lsosorbide Dinitratc USP XXII 
Metronidazole USP XXII 

Nuclcophilic substitution Cimetidine USP XXII 
Dipyridamole USP XXII 
Hydrochlorothiazide USP XXII 
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Table 6 (continued).: Unit reactions used in the plant 

Unit reactions Product 
0-Alkylation Clomiphcn Citrare USP XXII 
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Diphenhydramine Hydrochloride USP XXll 
Miconamle Nitrate USP XXII 
- lol Hydrochloride USP XXll . 

Oxidation Ascorbic Acid USP XXII 
Bcnzoic Acid USP XXII 
IbuJJrofcn USP XXII 

Purification Albuterol Sulfate USP XXII 
Allopurinol USP XXII 
Ascorbic Acid USP XXII 
Benwic Acid USP XXll 
Carbamazepine USP XXII 
Clomiphcn Citrate USP XXII 
Ibuprofen USP XXII 
Isoniazid USP XXII 
Medlyldopa USP XXII 

Ouatemisation Sttong Cetrimide Solution (40%) BP 88 
Racemate resolution Calcium Pantothcnate USP XXII 

Chloramphenicol USP XXII 
Clemastinc Fumarate USP XXII 
Levamisole Hydrochloride BP 88 
Medlyldopa USP xxn 

Razemisation Calcium Pantothcnate USP XXII 
Levamisole Hydrochloride BP 88 
Medlyldopa USP XXII 

Reaction with beta-alanine Calcium Pantothcnate USP XXII 
Recoverv of resolution agent Calcium Pantothenate USP XXII 
Recrystallisation Clemastine Fumarate USP XXII 

Glibcnclamide BP 88 
Mettonidazole USP XXII 

Reduction Chloramphenicol USP XXIi 
Dipyridamole USP XXII 
Miconazole Nitrate USP XXII 
Thiethylpcrazine Maleate USP XXII 

Ring Closure Allopurinol USP XXII 
Cimetidine USP XXII 
Dipyridamole USP XXII 
flurazepam Hydrochloride USP XXII 
Nalidixic Acid USP XXII 
Pyridoxine Hydrochloride USP XXll 
Riboflavin USP XXII 
Sulfamethoxawle USP XXII 
Vitamin E Acetate USP XXII 

S-Alkylation Thiethylperazine Maleate USP XXII 
S-Arylatioii Thiethyloerazine Maleate USP XXll 
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Table 6 (continued): Unit reactions used in the plant 

Unit reactions Product 

Salt formation Albuterol Sulfate USP XXII 
Aluminium Hydroxide Gel USP XXII 
Amitriptylinc Hydrochloride USP XXII 
Calcium Cascinalc (FOOD GRADE) 
Chlorhcxidinc Digluconate (20%) BP88 
Cimctidinc USP XXII 
Ocmastinc Fumarate USP XXll 
Ocmastinc Fumarate USP XXII 
Oobutinol (boehringcr ingelhcim) 
Clomiphcn Citrate USP XXII 
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Diphcnhydraminc Hydrochloride USP XXII 
Aurazcpam Hydrochloride USP XXII 
Magnesium Stcarate NF XVII 
Propranolol Hydrochloride USP XXII 
Sodium Bcnzoa1c NF XVII 
Thicthylpcrazinc Maleatc USP XXII 
Thicthylpcrazinc Malcatc USP XXII 
Undecylcnic Acid. Zinc Salt 
Zinc Stearate USP XXII 

Schiff base formation Riboflavin USP XXII 
Solution formation Strong Cclrimidc Solution (40%) BP 88 
Sulfonamide formation Glibcnclamidc BP 88 

Hydrochlorothiazidc USP XXII 
Sulfamcthoxazolc USP XXII 

Urethane - formation Carbamazepinc USP XXII 

Concerning the plant lay-out it was decided that some specific reactions. which appear in 

different productions, should be carried out in the same unit, both to save investment for 

specific equipment and to be in the position to pcrfonn the production with personnel 

specialized on these reactions. The reactions which were identified for pcrf onnance at one 

specific place were: 

- Hydrogenations 

- Grignard reactions 

- Oxidations 

Isosorbide dinitrate which is an explosion hazardous compound should be manufactured in 

a specific unit apart from the other production units. Metronidazole production, in which 

ethylene oxide is used, should be placed in a single line. The final decisions on the 

required distance to other production units should be subject to a risk analysis in the 

implementation phase of the project. 
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6.3.6. PROCESS FLOW SHEETS AND BLOCK SCHEMES 
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Process flow-sheets were prepared for all steps of production of each of the products. 

These flow sheets can be found in the product file of each product. Since in most cases - as 

mentioned earlier - detailed process data were not supplied by technology hoMers. these 

flow sheets were worked out as basic process flow sheets. They reflect the equipment 

requirements for production. Since these flow sheets were also required for decision 

whether a product would be placed in a single line or a multi product line. they had to be 

drawn before this decision was met. Therefore in several cases. especially for multi 

purpose plant products. the reactor sizes indicated in the flow sheet do not correspond to 

the actually considered capacities. 

Block schemes were also drawn for each product and added to the product file. These 

schemes reflect the material flow and were the basis for the evaluation of raw material and 

solvent requirements. solvent recovery • energy demand and estimation of generated waste. 

6.3.7. OPTIONS TO ADOPT mE BEST TECHNO-ECONOMICAL 

PRODUCTION PROGRAM BASED ON SINGLE AND MULTI PRODUCT 

LINES 

As mentioned before the main aim of the project is to satisfy the demand of the Iranian 

population for pharmaceuticals. This requirement is reflected in the foreseen production 

quantities. The approach of this project is differing from that of most pharmaceutical 

manufacturers who try to target the world market and therefore have no restrictions in 

increasing their production capacity to the most economic level. The contacts to 

technology suppliers revealed that in many cases the project production capacities are 

considerably lower than usual and in several cases even so low that an economically 

feasible production would be practically impossible. In such cases only production in a 

multi purpose plant will secure that the investment is not lost. because the option to change 

production will leave the decision open to which degree non profitable productions are 

carried out. 

Advantages and disadvantages of single line production versus multi purpose plant 

production are well known and have frequently been discussed. There is general agreement 

that both strategies of production are acceptable. differences in opinions appear mainly on 

the question, when a product should be placed into a multi purpose plant. The decisions in 

this project were met along the following criteria: 



UNIDO COlltrad 9lllt0. Projttt:SFllRAl9Mll 
Prof. Dr. C. R. Noe 

Summary Page SS 

1. A maximum reactor size of 6 m3 was foreseen for the multi purpose units. because 

bigger reactors would reduce the flexibility of the planL 

2. Products. which in a multi purpose plant would occupy one line for about one year. 

were considered for single line production. for the following reasons: Production 

organization is much easier. Conditions of a technology supplier concerning equipment 

can be met more easily. The additional investment required mainly refers to local 

investment for the building. 

3. For reasons of production organization the number of products to be manufactured in 

one multi purpose production unit was kept below l 0 products. with an optimum of 

about only 2 products to be manufactured at one time (production campaigns). 

4. Products with bad parameters conceming economy of production were allocated to a 

multi purpose production unit. wherever feasible. 

6.4. PRODUCTION PROGRAMME FOR EACH UNIT AND THE WHOLE 

COMPLEX 

With 48 products to be synthesized this project is certainly one of the most ambitious 

phannaccutical projects ever carried out. It also differs from usual ventures in the 

invesnncnt sector by the fact that its main goal is not maximizing profit. but satisfying the 

demand uf a nation. 

Technically speaking the goal of the project is to esrablish in a big effon a pharmaceutical 

complex. which in terms of economy is medium size. in terms of complexity and 

perspective is large size. A pharmaceutical company is a living body that requires shon 

term. medium term and long term planning from the beginning. Shon term success is 

determined by the products foreseen in the planning phase. Prerequisites for long term 

success. such as establishment of research centers. have also been considered in this 

project. Medium term success is however closely related with the interrelation of the 

company to the international sector, because there is a steady development in products, 

prices and markets, which requires permanent activities in planning. As a matter of fact the 

complex situation of the pharmaceutical sector has led to a significant specialization of 

most companies, such specialization being either correlated to special fields of indication 

or to specialized technical know how. 
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It could be seen from the answers of many companies to the request for technology supply 

that an unstructured mix of 50 products makes it difficult for outsiders to understand the 

dedication and strategy of a pharmaceutical company. Much more decisive seems however 

the fact that it is extremely difficult for the stratcgic planning staff to cover the whole 

range of pharmaceutical production without setting strategic medium term development 

goals. 

Bearing in mind the dedication of the plant and the requirements of structuring. it was 
found in an analysis that about each 25'1i of the products could be associated to two main 

fields on indication: analgesics and other phannaceuticals acting on the central nervous 

system on the one hand and chemotherapeutics and antiseptics on the other hand. Anot.'tcr 

25% of the products were related to nawral product chemistry. either using natural 

products as staning materials or producing nawral products. such as vitamins. The 

remaining 25% con~sted of synthetic phL'lllaCCuticals with differing field of indication. 

This finding was the basis to work out a stratcgic profile for the plant. which will reduce 

its complexity by the formation of 4 operating sectors as follows: 

A. Sectors with pharmaceutical profile 

Sector 1: Analgesics and Central Nervous System Compounds 

Sector 2: Chemotherapeutics and Antiseptics 

The products of these sectors would satisfy the demand of the country for phannaccuticals 

in two of the most important fields of indication. Aexibility in the choice of products, 

active readiness to improve the product mix in these two fields of indication by licensing 

of young products and concentrating development work on these fields would secure the 

future development 

Profitability in pharmaceutical induStry is much more related to formulation than to active 

compound production. The fact that the SHAHID MODARRES project at present docs not 

foresee any formulation will certainly be a disadvantage of the established company. 

because it will be depending upon a few formulating companies instead of the whole 

market of pharmaceutical distributors. It is therefore strongly recommended that in a 

second phase of development the Sectors 1 and 2 also should integrate formulation to their 

profile thus becoming fully integrated pharmaceutical mar.ufacturing companies. 

As far as the technical concept is concerned, these unit will have their emphasis in 

production following highest quality of manufacturing standards. Apart from the 
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hydrogenation unit. which will be placed in sector 1 ( practically all hydrogenations arc 

connccu:d with products of this sector ) no specific chemical technologial profile is 

foreseen. 

B. Sector 3: Natural Product Chemistry 

Although not integrated into the present project. a sorbitol plant at the site of SHAHID 

MOOARRES is by far the bigv.st unit in the industrial complex. Sorbitol, such as some 

Olher products. like Mannitol and the Stcaratcs, is manufactured from natural products. 

Indusuics of this type arc specialized and as a rule not necessarily connected with 

phannaccutical production. The specific situation that this type of chcmisuy is included in 

a phannaccutical complex icprcscnts an interesting challenge. because theic is a 

considerable number of phannaccuticals based on this family of products. It seems 

tbcrefoic to be advisable to use this opponunity as a nucleus to develop the profile of the 

company funhcr into the production of pharmaceuticals from natural sources. This 

development could include the following long term lines: 

- carbohydrate based pharmaceuticals 

- carbohydrates as building blocks for synthetic pharmaceuticals 

- semisynthetic phannaccuticals from Iranian natural products 

- biotechnological manufacturing processes 

- ( synthesis of rwural products from other sources ) 

As a matter of fact sucb development has been considered already in the Terms of 

Rcfeicncc by integrating a Multi Pwpose Medicinal Plant Extraction and a Research and 

Development Center for Biotechnology and Genetic Engineering to the project. Both units 

will be attached to sector three to sllCngthcn the development capacity in this field. 

Sector three also contains a synthetic multi purpose plant. which is mainly used for the 

manuf acturc of vitamins. Although the investment into a multi purpose plant in this sector 

seems justified in principle, it must be stated that technologies for the production of the 

vitamins foreseen in this plant could not be obtained for the project till now. 

C. Sector 4: Intermediates Manufacturin& 

Development and up-scaling of chemical synthetic processes as well as the manuf acturc of 

intermediates constitute an imponant element in a fully integrated phannaceutical 

company. It is recommended to conccnttare these activities to one sector. Broad chemical 
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synthetic know how together with flexible infrastructure and equipment are characteristic 

for such units. With reference to the imponance of this part of phannaceutical 

manufacturing it is recommended to dedicate the sector. in which at present those products 

are manufactured, which do not fit into the profiles of the other sectors. to process 

development and intermediates manufacturing. It is obvious that this dedication would be a 

long term goal and that manufacture of the present set of phannaceuticals could continue 

also in this sector, but it is expected that a highly versatile chemical synthetic profile of 

this sector could render the SHAHID MODARRES plant competitive in product 

development. For this reason also the Pilot Plant for Technology Transfer will be placed in 

this unit. 

It is recommended that as a special feature of the pilot plant it should include a unit for 

development and up-scaling of continuous processes. Some of the products foreseen in the 

project, e.g. benzoic acid, are bulk pharmaceuticals manufactured in continuos processes. 

The quantities for foreseen production correspond to pilot scale in continuos processes. 

Thus the investment into such a pilot plant for up-scaling of continuous processes would 

on the one hand come up to the requirement of the proposed production and would on the 

other hand without considerable funher investment install one of the most versatile 

chemical development centers. 

A look on the production programme of the 4 sectors of the SHAHID MODARRES 

Industrial Pharmaceutical Complex reveals that the sectors are also well balanced 

concerning their expected sales revenues (Fig. 1 - 6). 

SECTOR 1: ANALGESICS AND CENTRAL NERVOUS SYSTEM COMPOUNDS 

Unit 1.1. Ibuprofen 150 t/y 
Unit 1.2. Methyldopa 100 t/y 
Unit 1.3. Multi - purpose Plant 

Carbamazcpinc 18 t/y 
Propranolol 8 t/y 
Dipyridamole 4,5 t/y 
Clomiphcne 2 t/y 
Albutcrol 1 t/y 
Thiethylperazine 0,4 t/y 
Terbutaline 0,2 t/y 
Flurazcpam 0,2 t/y 

Hydrogenation part: 
Dipyridamole 
Albuterol 
Terbutaline 
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SECIOR 2: CHEMOTIIERAPElITICS AND ANTISEPTICS 

Unit 2.1. Cctrimidc ( 40%) 1000 t/y 
Metronidazole 28 t/y 

Unit2.2. Sulfamcthoxazole 200 t/y 
Trimcthc,prim 40 t/y 

Unit 2.3. Multi - purpose Plant 
Otlorhexidinc 
(20%) 164 tly 
Isoniazid 24 t/y 
Cctylpyridinium-
chloride 16 t/y 
Chloramphenicol 16 t/y 
Nalidixic acid 8 t/y 
Lcvamisole 6 t/y 
Miconazole 4 t/y 
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SECIOR3: NATURAL PRODUCT CHEMISTRY + VITAMINS + FAITY ACID 

DERIVATIVES 

Unit 3.1. Ascorbic acid 500 t/y 
Unit 3.2. Ca - cascinatc 200 t/y 
Unit 3.3. Nicotinamidc 100 t/y 
Unit 3.4. Zn - stearate 540 t/y 

Mg - stcaratc 60 t/y 
Unit 3.5. Mannitol 100 t/y 
Unit 3.6. Isosorbide dinittatc 

(explosion protected 
area) 5 t/y 

Unit 3.7. Multi - purpose Plant 
Vitamins: 

Vitamine E 26 t/y 
Pyridoxine 20 t/y 
Riboflavin 18 t/y 
Ca - panthothenatc 8 t/y 

Fany acid derivatives: 
Undccylenic acid 24 t/y 
Zn - undccylenate 5 t/y 

Unit 3.8. Medicinal Plant Exttaction 
Unit 3.9. Biochemical Engineering and Generic Development Center 
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SECTOR 4: PHARMACEUTICAL INTERMEDIATES AND GENERAL 

PHARMACEUTICAL CHEMICALS 

Unit 4.1. 

Unit 4.2. 
Unit4.3. 

Unit 4.4. 

Aluminum-
hydroxidc (10%) 5000 t/y 
Cimctidinc 50 t/y 
Multi - purpose Plant 

Allopurinol 9 t/y 
Diphcnhydraminc 7 tly 
Hydrochlorothiazidc4 t/y 
Dicthyltoluamide 2 tly 
Glibenclamide 2 t/y 
Clidinium bromide 1 t/y 
Ocmastinc 0.2 t/y 

Grignard - reaction part: 
Amitriptyline 7 t/y 
Oomiphcn 
Oobutinol 2 t/y 
Clcmastinc 

Multi - purpose Plant Development Center 
Oxidation part: 

Bcnzoic acid 50 t/y 
Sodium - benzoate 20 t/y 
Bcnzylbenzoate 5 t/y 
including development facilities for: 

Nicorinic acid (beta. gamma) 
m-Methylbenzoic acid 

6.5. MATERIAL INPUT AND RECOVERY 

Summary Page 6t 

As it can be seen from Chapter 6.3.3. there is as well a great variety as also a great 

quantity of chemicals to be handled. which requires a well organized material 

management. handling and storage system. In the storage of solid materials it has to be 

considered that enough storage units arc available to enable required separation of 

products. 

Most of the solid chemicals will be stored in a general store. in addition small storage units 

will be attached to the production units to allow storage of immediately required raw 

materials and intenncdiatcs. In Chapter 14.2. a comprehensive survey on the storage 

facilities is given. 
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Table 7: Estimated yearly sales revenues for sector 1 

Capacity 

ScCIOC Unit Dnag Bult Compound IOllS/)'r 

I I lbupn>fm USP XXU 1.50.00 

I 2 Mdhyldopa USP XXll 100.00 

I 3 Abalmll Sulf• USP XXll 1.00 

I 3 Cutmna11piic USP XXU 11.00 

I 3 Oamiplwa CibMe USP XXU 2.00 

I 3 Dipyridamol USP XXll 4..50 

I 3 Flunzepllll USP XXU 0.20 

I 3 Pn>pmalol USP XXU 1.00 

I 3 Tedlulaline Sulfaae USP XXU 0.20 

I 3 Thiethylperazine Malca&c USP XXIJ 0.40 
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nlimaled sales rev-s in USS 

minimum -likely muimum 

1.979.166.67 2.400.000.00 3.4.50.000.00 

3.580.000.00 1.000.000.00 1.500.000.00 

2.50.200.00 260.000.00 260.000.00 

2.700.000.00 2.790.000.00 3.000.000.00 

474.000.00 630.000.00 670.000.00 

"1.7.50.00 6S2.500.00 147.3.50.00 

90.000.00 92.000.00 104.166.67 

171.llO.OO 240.000.00 2n.m.11 

194.444.44 200.000.00 364.200.00 

6.50.000.00 6.50.000.00 6.50.000.00 

-ewer sector 284.30 10.500,141.11 IS.914.500.00 18.123.494.44 f 

Fig. 1: Estimated yearly sales revenues for sector 1 
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Table 8: Estimated yearly sales revenues for sector 2 

c..p.cil)• 

Sector Unit Dni•Blllt - ~r 

2 I ~40 .. BPll I 000.00 

2 I Mtuoniclazolc USP XXll 21.00 

2 2 SulfmnedloUJJDlr USP XXll 200.00 

2 2 1i. - USPXXll 40.00 

2 3 - ... 
Olloridr USP XXll 16.00 

2 3 Ollorbcxidinc Gmc- 20 'l BP II 164.00 

2 3 - IUSPXXII 16.00 

2 3 lsaniazidc USP XXll 24.00 

2 3 1..n.mso1c·· ... BPll 6.00 

2 3 ~Ni-USPXXIl 4.00 

2 3 Nalidisic Acid USP xxn 1.00 
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numaaed saln ~in USS 

minimlllll lllOSl litelv mu imam 

3 000.000.00 3.2IO 000.00 3..520000.00 

476.000.00 616000.00 682..500.00 

2400000.00 3.200.000.00 34'6000.00 

I 2fl0 000.00 I W>000.00 1.600.000.0l 
"\ 

1412000.00 320000.00 3'7 222.22 

1..551000.00 I 640.000.00 1804000.00 

994.720.00 1120nm.oo 1 v.nooo.oo 

165.000.00 232.IOO.OO 234 720.00 

450000.00 4~000.00 4~000.00 

317 'VYl.00 420.000.00 752.000.00 

47SOOO.OO 520000.00 693.600.00 

lj()6.00 I IJ91,220.00 13.J51.IOO.OO 14.175.042.221 

Fig. 2: Estimated yearly sales revenues for sector 2 
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Table 9: Estimated yearly sales revenues for sector 3 

Capacity estimMed saks rnmues in USS 

Sector Uni1 n.... Bult C_,........t 1onslvr minimum -likely maximum 

3 I Ascorbic Acid USP XXll S00.00 562.S000.00 6VIOOOO.OO 8MOOOO.OO 

3 2 Calcium Cacina!e lfood W?W1e1 280.00 787VI0.00 I 120.000.00 1..517 600.00 

3 3 Niaciamnick USP XXll 100.00 687Wl.00 1100000.00 1990000.00 

3 4 Slanle NF X\.11 60.00 81000.00 901'1M.00 150000.00 

3 4 7.inc s.e.- USP XXll 540.00 405000.00 540000.00 700000.00 

3 5 Mmmitol USP XXll 100.00 375000.00 450000.00 531 "Vl.OO 

3 6 bosoltlide Diniu11e. Diluled USP XXll 5.00 65 VI0.00 llS000.00 llS000.00 

3 7 Vilmnin E USP XXll 26.00 715.000.00 730600.00 7311Vl.OO 

3 7 Ca1c:iam Pmlhorhenalr t '.SP XXll 8.00 135000.00 144000.00 160000.00 

3 7 Pvridoxine Hvdrochloride USP xxn 20.00 812VIO.OO 860000.00 1.200 000.00 

3 7 Riboflavin USP XXll IUIO 1.099 800.00 1..530000.00 I 850000.00 

3 7 u . Acid USP XXll 5.00 40625.00 42~.oo 48611.11 

3 7 Zinc Undttvble USP XXll 24.00 247.500.00 360000.00 525000.00 

1.686.oo 11.016.m.oo 13?92.100.00 18.180.J11.11 I 

Fig. 3: Estimated yearly sales revenues for sector 3 
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Table 10: Estimated yearly sales revenues for scctor4 

Capec:iry 

Sector Unir Dru!! Bult Comnaund IODSIVT 

4 I A1mniniam Hvdro:iide r ... 1 Wei USP XXII 5000.0D 

4 2 CimdidiDr USP XXll SO.OD 

4 3 ... 
USPXXll 9.0D 

4 3 Ami..._,WieH USPXXO 7.00 

4 3 (]rmasri111t "-nle USP XXD O.lO 

4 3 ClidiDimn Bnlmide USP XXD I.OD 

4 3 Clobalinol - Mmmbcmll 2.0D 

4 3 Diedlvllol-ude USP XXD 2.(l 

4 3 Hvdmdiloride USP XXD 7.0D 

4 3 Glibmdmnide BP 88 2.0D 

4 3 H iazide USP XXll 4.00 

4 4 Benzoic Acid USP XXD SO.OD 

4 4 ~I 8enzmrr USP XXll S.OD 

4 4 Sodium lknzollc NF XVII 20.00 
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~d sales ~sin USS 

mab.'llum mosl litelv maximum 

9Vlf'l000.0D 9Vlf'l000.0D 9 Vlf'l 000.0D 

2 185000.00 2..5SOOOO.OO 2.6567'Vl.OO 

40SOOO.OD 4'Vl000.00 748 800.0f.\ 

534722.22 539000.0D 7437SO.OD 

694444.44 700000.00 70DOOO.OO 

52n833.33 SS0.000.00 711000.0D 

87SOOO.OD 875000.0D 875000.00 

,., Vlf'l.00 22..500.0D 22..500.0D 

8S400.00 175000.0D 218 7SO.OO 

349600.00 380000.00 400000.0D 

62.000.0D 80000.0D llS000.00 

56..500.0D 137 "illn.OD 190000.00 

13900.00 16000.00 16000.00 

22.000.00 21.000.00 31400.00 

sum over SCCIOr S,159.20 15.326,900.00 IS,998.000.00 16,938,450.0D I 

Fig.4: Estimated yearly sales revenues for sector 4 
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Table 11: Estimated yearly sales revenues arranged by Units 
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c.p.ary Hlimaled sales rnaiues in USS 

Sector Unit n..... Bult Com........i lftn..Jvf minimum most litclv maximum 

1 1 lhunmfm USP XXll 150.00 1979166.67 2.400 000.00 3 4.50 000.00 

I 2 Methvldooa USP XXJI 100.00 3.580000.00 8 000,000.00 8~000.00 

l 3 Mullinlr Punx- Planl 1.3. 34.30 4941674.44 5.514 Wl.00 6173494.44 

2 1 Cctrimide a MetRlllidazole 1028.00 3476000.00 3.896000.00 4202~.oo 

2 2 'l. -• a Sulfmncthouzolc 240.00 3.600000.00 4.760000.00 5.0S6 000.00 

2 3 MultinlP ... _ PIUll 2.3. 238.00 4'"'"".00 4 702800.00 5.616~2.22 

3 l Asc:olbic Acid USP XXll S00.00 5625000.00 6.500.000.00 8.650 000.00 

3 2 Calcium~ !food--\ 280.00 787 500.00 1.120000.00 I .S 17 600.00 

3 3 N~ide USP XXll 100.00 687~.oo I 1111'1 000.00 1.990000.00 

3 4 Zink & M......,.ium SraralC 600.00 486000.00 630000.00 852.000.00 

3 5 Muinitol 100.00 375000.00 4.50000.00 531.250.00 

3 6 lsmolbide Dinilnlc. Dihlcd USP XXll 5.00 65.500.00 125000.00 125.000.00 

3 7 MuhinlP ........_ Planl 3.7. 101.00 3050425.00 31.1.1100.00 4.514 861.11 

4 I Aluminium Hvclroa:ide Gel Wet USP XXll 5000.00 9~000.00 9~000.00 9 .soo 000.00 

4 2 Cimetidine USP XXJI .50.00 2185000.00 2.5.50 000.00 2 655 ''Ul.00 

4 3 MuhinlP Puniote Plant 43. 34.20 3.549~.oo 3.771 Wl.00 4.544.800.00 

4 4 Multi* Puniosc Planl 4.4. 75.00 92400.00 176.500.00 237.400.00 

Fig. 5: Estimated yearly sales revenues arranged by Units 
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Table 12: Estimated yearly sales revenues - Sectors and Total Phannaccutical Complex 

Fig. 6: 

Sector I 

Sector:? 

Scctor3 

Scctor4 

1.635.50 ·UOUl6·'' 59.063.400.00 6!;ll7M?.71 I 

Estimated yearly sales revenues - Sectors and Total Phannaccutical Complex 
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6.5.1. SOL VENTS 
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It was a specific request of the Iranian counterparts to provide a storage capacity of one 

year for liquids and to have the storage facilities in a remote place about 4 km from the 

production units. Due to the variety of chemical processes this request will result in a 

rather complex tank storage system. Storage capacities near the manufacturing units can 

therefore be kept rather low just to meet the daily demand. which is a positive effect with 

respect to plant safety. In order to supply the different sectors with the required solvents 

just in time. logistics for an internal transponation service have to be established. 

Solvents arriving in tank trucks always should be considered as one batch and stored apart 

from other batches in the corresponding suitable tanks. The filling operation should be 

supervised by qualified personnel. and a representative sample for analysis drawn from the 

tank. These operations should be carried out in explosion-proofed and defined areas using 

adequate equipment (transfer. pumps etc.) and sufficient ventilation. 

It is important that all solvents never loose their identification. which means that conect 

labeling is required at all times including dangerous characteristics. Because of extreme 

temperatures in summer and winter, supply and storage of solvents cannot be performed at 

any time (freezing or danger of explosions). 

The internal transportation should take place under the same precautions using suitable 

containers or barrels. In all operations it is extremely important to avoid a mix up of 

different solvents. 

It is recommended that the solvents foreseen for use in the plant should be checked. 

whereby highly toxic or inflammable solvents should be replaced by less dangerous 

solvents. 

6.S.2. GASES 

Gases, either in compressed or liquefied fonn should be handled and stored also in 

accordance to the general safety regulations. Gas cylinders should be stored under cover 

and not subjected to extreme temperature. Storage areas should be well ventilated. All 

cylinders and gas pipe lines should be colour-coded and clearly marked or labeled with 

product names. Also the valves must be marked accordingly in order to prevent a mix up 

and severe consequences. 
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Auxiliary materials used in the plant range from office supply. to production auxiliaries. 

e.g. filters of different permeability and maintenance and repair materials. e.g. cleaning 

material, detergents. Of course also sufficient facilities have to be foreseen for these 

purposes. A survey on auxiliary and service aspects is given in chapter 12.5 .. 

6.5.4. MATERIAL RECOVERY 

Taking into account the significant portion of raw material cost in the economics of the 

plant it is clear that recovery and reuse of solvents is of significant importance. Also 

recovery and reuse must be well organized. If possible. solvents should be reused for the 

same step of the chemical reaction only. after being checked by the Quality Control 

Depanmcnt to guarantee that they will meet the specifications. The same applies to 

solvents recovered from the dryers. Therefore it is proposed to establish distillation units 

within each sector. which will allow reprocessing of the solvents near to the production 

uniL The recovered solvents should be interim stored within the sectors in tanks. 

Table 13 indicates the quantities of material which will be recovered in the production 

foreseen. 

Table 13: Recovery of materials in [kg/year]: In the case a material is recovered in several 
units also the sum for all units is given. 

Unit substance amount sum 
[ka/yearl [Q/yearl 

Unit 4.3. acetic acid 8.813 
Unit 1.3. acetic acid 139.657 
Unit 2.3. acetic acid 227.340 375.810 
Unit 2.3. acetone 7.543 
Unit 1.3. acetone 49.348 
Unit 4.3. acetone 74.200 
Unit 4.2. acetone 180.642 311,733 

Unit 2.2. ammoni•Jm hvdroxide. cone. 190.909 190.909 
Unit 3.7. benzene 14 893 
Unit 1.3. benzene 23.605 
Unit 2.3. benzene 72.476 
Unir 4.3. benzene 81.19.5 191.169 
Unit 1.3. benzvl tert. butvlaminc 5.016 5.016 

Unit 2.3. butanol 70.822 70.8ll 

Unit 1.3. bu ta none S.458 5,458 
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Table 13 (continued): Recovery of materials in [kg/year]: In the case a material is 
recovered in several units also the sum for all units is given. 

Ullit j substance -·· sum 
fb/ffar) Ilk•/ year I 

Unil4.3. chloroform 102.549 
Unit 2.1. chloroform 103.286 
Unit 3.7. chloroform 247.967 
Unit 1.3. chloroform 2S6..54S 711,347 
Unit 1.3. dicbloromelhane 3.338 
Unit 2.3. dichlorornetban 133.740 
Unit 3.7. dichloromethane 417.579 
Unit 2.2. dichloromethane 1.124.240 1.678.897 
Unit 1.3. dimelhvlformamide. drv 1.736 1.736 
Unit 2.3. diohenvlether S0.917 Ql917 
Unit 3.6. ethanol 4.800 
Unit 1.3. ethanol 21.443 
Unit 3.7. ethanol 32.652 
Unit4.2. ethanol 73.070 
Unit4.3. ethanol 140.607 
Unit 2.3. ethanol 472.698 745.271 
Unit 3.7. ethanol. drv 15.594 
Unit 1.3. ethanol. drv 42.862 
Unit4.3. ethanol. drv 79.560 Ull..016 
Unit 3.6. ether 9.600 
Unit 3.7. ether 11.578 
Unit 2.3. ether 16.155 
Unit 1.3. ether 49.813 
Unit4.3. ether 213.174 
Unit 2.1. ether 1.370.600 1.670.920 
Unit 1.3. ether. drv 1.902 
Unit4.3. ether,drv 6.852 8.754 
Unit 2.3. ethoxvethanol 122.408 122.408 
Unit4.3. ethvl acetale J.85.5 
Unit 1.3. ethvl acetate 25.978 
Unit 1.3. ethvl acetalc 36.409 
Unit 2.1. ethvl acetate 40.320 
Unit4.2. ethvl acetalc 187.706 291..111R 

Unit 3.7. heDlanC 25.884 25.884 
Unit 4.3. hvdro1en chloride 1~ 1.440 1.440 
Unit 4.3. I 947 
Unit 2.3. I 40.219 
Unit 4.2. i.~onanol 43.08.5 84.251 
Unit 1.3. i~~~·• amine 7.482 7.481 
Unit4.3. i I ether S.136 5.136 
Unit 2.1. methanol 3.5.840 
Unit 4.3. methanol 4.5.167 
Unit 1.3. methanol 77.891 
Unit 4.2. methanol 188.843 
Unit 2.3. methanol 23.5.US 
Unit 3.7. methanol 777.615 13'0.624 
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Table 13 (continued): Recovery of materials in [kg/year]: In the case a material is 
recovered in several units also the sum for all units is given. 

Uait Sllbsluce ........ 51181 

lb/ttarl lb/narl 
Unit 1.3. mclhanol. drv 6.793 
Unit 3.7. mclhanol. drv 17.SS3 
Unit:U. methanol. drv 2CT7.CJ(IJ 232.315 
Unit 2.1. mcthylbromide 9S.188 95.718 
Unit 1.3. 4-mcdlvloen1.111-2-ol 850 151 
Unit 3.7. n-hc:unc 188.045 llll.145 
Unit 1.3. mlbdium on cbarcoal 148 148 
Unit 2.3. pcrchloroclhvlcnc 58383 58,383 
Unit 1.3. r S.312 
Unit 2.3. ~lher 19.71S 25.028 
Unit 4.3. 2 . lam inc 834 13' 
Unit 1.3. . . xv lrichloridc S64.173 564.173 
Unit 2.3. 

... 
10.164 lt.164 

Unit4.3. tctrahvdrofuranc. drv 34377 34.377 
Unit4.3. lhionvlchloridc 2.766 2.766 
Unit 1.3. toluene 1.590 
Unit4.3. toluene 12.811 
Unit 2.3. toluene 33.760 
Unit4.4. toluene 6S.191 
Unit 3.7. toluene 225.302 
Unit 2.2. toluene 72S.453 1.064.108 
Unit4.3. toluene. drv S.101 5,707 
Unit4.3. water SS.116 
Unit 1.3. water 184.195 
Unit4.2. water 637.910 
Unit 2.2. water 727.269 1..604.550 
Unit 3.3. water. dist. 600.000 '°8,000 
Unit 1.3. xylene 496 
Unit 3.6. xvlenc 6.400 6.896 
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7. Ul1LITIES 

The following utilities must be available in the plant: 

- Water of different quality 
- Compressed air 
- Nitrogen 
-Steam 
- Brine 
- Hearing and cooling oil 
- Electricity 

Concerning energy supply tbc inframucture of the pla.-it site comes up to the requirements 

of the project. As far as utilities for the plant arc conccrnecL it is proposed to set up an 

Energy Center located in the middle of the plant site. All the required utilities could be 

produced in the Energy Cena and supplied to the production units. 

7.1. WATER 

In the water plant the incoming water is filtered and treated to produce water of different 

quality as required. 

The following types of water arc produced: - drinking water 

- soft water 

- deionized water 

- make-up water for the cooling water 

system 

Although there is sufficient water supply in principle, mcaslli'Cs have to be considered for 

reuse of water. First of all cooling water should be reused after passing the cooling towers. 

Furthermore, in connection with the effluent treatment concept, it should be eY.amincd. 

whether reuse of water coming from the effluent treatment plant is economically and 

technically feasible. 
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7.2. AIR AND NITROGEN 

Two different qualities of compressed air will be required: 

Summary Page 7l 

- Oil. water and microorganism free air to be used in the fennenters is produced 

using filters and oil free (screw) compressors. 

- Compressed air for the instruments and technologies is produced in standard air 

compressors. 

It is proposed to produce compressed air centrally in the Energy Center. 

Although the installation of an air liquefier in the plant might be considered. the present 

study is based on the assumption of purchase of liquid nitrogen in tank trucks. In this case 

it is not necessary to install a ccntralil.Crl service for compressed nitrogen. The liquid 

nitrogen. which is arriving in tank trucks, is transferred into cooled local nitrogen tanks. 

from which the required amount of nitrogen is vaporil.Cd to produce nitrogen of required 

pressure. 

An alternative solution would be to foresee a central air liquefier. which allows local 

production of liquid nitrogen. This solution in the long run would be more economical, 

because it may be assumed that purchase and transponation cost for liquid nitrogen will be 

a significant factor in production cost. 

7.3. STEAM 

Steam constitutes a major source of energy in a chemical plant. because it is the standard 

heating medium in chemical reactors. Overheated steam is generated in a central boiler 

plant. The burners operate with natural gas, but in the case of lack of gas should have a 

design. which allows use of oil burners. 

It is recommended that the plant carries as a second function the production of emergency 

electric energy. The high pressure, high temperature steam. produced in the boilers could 

run a back pressure turbine. to which a generator is connected. The output of electric 

power of this generator should be about 3 MW. which is enough to allow operation of the 

plant at a reduced level in the case of breakdown of electric energy supply. The steam 

coming from the turbine is fed into the technological service network system and is 

utilil.Cd as heating steam. Boiler water production and utilization of the heat of emitted hot 
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gases also have to be-considered in the boiler plant lay out. The plant should operate fuily 

automatiz:cd. 

7.4. HEATING· COOLING 

As said before the equipment in the manufacturing units is heated with the steam coming 

from the boiler plant In few cases, where extremely high temperatures arc required or 

heating and cooling of a 1eaction must take place within very shon time, oil heating is 

used. Heating oil and cooling oil should be of the same type. Using electricity the heating 

oil should be produced locally in the unit. where it is required. 

The standard cooling media arc water and brine. GICat quantities of cooling water arc used 

in the condensers. Therefore cooling towers have to be set up to rccool the warmed up 

effluent ,..ooling water. After compensation of evaporation losses the cooling water is 

recycled. 

Brine is mainly used for cooling of reactors. It is produced in a central cooling system and 

transported to the units in isolated pipes. The cooling plant also includes an ice 

manufacturing unit. which produces block ice for the technologies and all other purposes. 

7.5. ELECTRICITY 

The required electrical energy can be obtained from the 20 kV transmission passing by the 

plant site. It is transformed and distributed into the sectors in the Electric Energy Center. 

As described earlier, because of safety ICquircmcnts, a back pressure turbine integrated 

into the boiler plant serves as emergency electric energy source. In the case of lack of 

electricity it can guarantee operation of the sectors at a reduced level. 

In addition, it is suggested to install Diesel-generators directly nearby units wheIC critical 

or dangerous production processes (e.g. nitration, oxidation). arc carried out as an 

additional security measure in cases of power cuts. 

7.6. REQUIREMENTS FOR UTILITIES 

Table 14 shows the demand of utilities for the whole plant. 
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Table 14 Utility con~umption 

UlllflT I Sector 1 I Sectorl I Sector 3 I Sector• I Four 9KIDl"S 

S-.(11111) 
p=7 tm.1=16.5"C 6.7 8.7 1.1 .5.1 28.2 
p=IO bar. l=IBO"C 0 . .5 0..5 0.1 0.1 2..5 - 7.2 t.l 1.a.J .... 41.t 
lriDe (ml/la) 
p=.a bll. l(mu)=-20"C. &=.5"C 171.7 116.5 )t9.I 167.J t25.I 

Ellclrlcaerv l•WJ 
0.4kV • .50th 
for power lnllsfcr .530.0 905.2 611.0 .510.0 2.563.2 
for iDl£mal ligblin& 60.0 111.7 S3.6 70.0 29.5.2 
for ea:ICIUI ligblin& 10.0 11.6 21.8 30.0 I0.4 - 762..S ltlS.5 1•.s 146.1 4152.6 
Nilnse(mllll) 
p=.a bar .... 11.l U.7 14.5 tt.l 
Caolilll-rer. nc. lmllhl 
p=4 bar.11mu1=2.5"C. &=IO"C JJ5.t JJ7.7 521.1 441.I lUU 
b(lllll) 1.2 1.3 1.5 1.3 u 
c-...-.i a1r 1mn1 
p=7bar 1.5 17.t 256U t.5 J615A 
C-in-cl air fer lmtnlmn&s (mllla) 
p=7 bar, l(dcw 1e111p)=-20"C t.5 11.3 13.t t.5 43..2 

Drtllklq -- (ml/la) 
p=4 bar.1=12-t.a"C 
for lecbn. pup. 2..5 16.1 1.8 1.8 22.2 
for social pup. 1.7 2.2 I.I 0..5 .5.6 - u 11.3 HA D..2 SU 
Dftoat.d ...... (mllll) 
o:4bar. IOl&S 2.1 2.7 3.3 1.7 tA 

Table 14 (continued): Utility consumption 

UtlitJ Boler lrlm CClOli• Dftoamd Comin-clair 
plaDI plant -ler -serplant plaDI 

Diani 

lrlH (mllll J 
p=4 bar. l(mHF-20"C. &=.5"C 13.3 

FJectrk nH1J (kW) 
0.4kV,.50Hz 
for power &nnsfer 622.0 2336.0 900.0 10.0 11.5.0 
for internal liplillJ 
for ntemal lip1ing 
•m 6ll.t D3U ..... lU 115.t 
Coo1111&-~r. nc. (mJlbJ 
p=.a "'ar.1(ma1J=25"C. 41=10"C 61JIU 21.1 

Drt11ldq -rer I ml/11 J 
p=.a bar.1=12-14"C 
for lcchn. parp. 35.6 IO.O 90.0 IZ.O 
for social purp. 
•m 35.6 IU .... 12.0 
~lmllbl UM.I 
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Table 14 (continued): Utility consumption 

Utilitv I oer lilOlll' I oer year 

Steam (t) 
p=7 bar. t=l65°C 28.16 202.736 
p=IO bar. t=ISO°C 2.50 18.000 - 41.83 288,236 
BriM (113) 

p=4 bar. l(max)=-20"C. Al=5°C 939.16 6,761,198 
FJectric eMl'IJ (kWla J 
0.4kV.SOHz 
for power transfer 6.546.17 47.132390 
for intcmal lighting 295.24 2.125.694 
for extcmal lighting 80.39 578.815 
sum 8,135.59 S8,S76,248 
Nitropa (113) 

p=4 bar 99.28 714,224 
Coolillg water, rec. (•31 
p=4 bar. l(max)=25°C. Al=IO°C 62,954.91 453.275.313 
ke(I) 1.25 9,116 
CCMapressed air (m3) 
p=7bar 2,605.35 18,758,537 
Compressed air for illstnaealS (113) 
p=7 bar. t(dcw tcmp)=-20"C 43.lt 311,865 
Dri•kiq water (ml) 

p=4 bar. t=l2-14°C 
for tcchn. purp. 239.83 1.726.768 
for social purp. 5.56 40.048 
SUDI '273.76 1,971,087 
Deionized water (m3) 
p=4 bar. 10 µS 9.45 68,017 
Gas(m3) 1,100.00 7,920,900 

8. RESEARCH AND DEVELOPMENT UNITS 

According to the Tenns of Reference the phannaceutical complex of SMDI will include to 

a significant degree research and development facilities. This is a clear commitment to the 

approach of an integrated phannaceutical company. 

8.1. THE RESEARCH CONCEPT 

The development of a new ph;mnaceutical product and its introduction to the international 

market is nowadays considered to be a venture requiring investment of more than 100 

million USS. With respect to the time required such a development project is a long tenn 

activity, which nevenheless is required in a modem integrated phannaceutical company. 
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Therefore it is not surprising that the phannaccutical industry is one of the industries with 

the highest percentage of expenditures for research and development. 

In the present project several research facilities are foreseen, which would require 

significant invesnncnt. Since at the present stage there is no specific research programme 

from which an economic impact of these units on the future development of the company 

might be cst1matcd, it was decided not to consider the research units in the economic 

evaluation. Nevertheless lay out and equipment proposals arc presented in the study for 

these units. 

With respect to the importance of research it is strongly recommended that as soon as 

possible a research programme based on a company development concept should be 

worked out. A prerequisite would be that a long term development plan for the company is 

established. Development targets should be defined. The concept proposed in chapter 6.4. 

might be an useful basis for such a development plan. As soon as an agreement has been 

met on such a development plan, all research effons should be directed towards long term 

implementation of the development plan. 

Following these lines general research fields could be: 

- Development of new products in the main lines of company activity 

- Improvement of production efficiency by introduction of new production 

processes and technologies 

- Evaluation of fields of potential future interest of the company 

- Strengthening of local production by increasing use of locally available natural 

products and chemicals 

It is strongly recommended that after establishment of the research programme contracts 

should be awarded to local and international partners ro carry out such research activities 

jointly. Research contracts with Iranian Universities and other research institutions might 

be useful to evaluate the prospects of specific research projects and by this measure to 

contribute to the integration of the national phannaceutical research scene. 

As a matter of fact the research units in the plant should be established and equipped only 

after a suited research prograrrunc has been set up to avoid unnecessary investment. 

At the present stage only the pilot plant for technology transfer placed in sector 4 seems to 

be economically justified because its research activities can be easily related directly to 
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activities of the manufacturing plant: Process development is an activity directly connected 

to phannaceuticals production. The imponance of permanently optimizing production to 

be competitive. as well as introducing new production processes cannot be overseen. The 

efficiency of such development work will be reflected quickly in the company 

performance. 

In the following chapters some indications are given on potential subjects of research to be 

carried out in the specific research units. However, as it was said before. only a clear 

comminnent to long term research targets and clear and detailed research programmes 

based on these commitments will be the basis for successful implementation of research 

and development work. 

8.2. THE PILOT PLANT FOR TECHNOLOGY TRANSFER 

The target of this plant is to establish and develop processes. As a rule technologies 

considered for production in the manufacturing plants will first be evaluated in this pilot 

plant. It was said before that establishment of this unit is already justified at the present 

stage, because improvement of established production processes is a promising 

development target. 

Technology transfer can mean transfer of the manufacture of established products. It can 

also mean transfer of production of most up to date pharmaceuticals. From the technical 

point of view the complexity of technology transfer is similar in both cases. Therefore 

profitable new products fitting into the range of interest of the company should be targets 

for technology transfer. 

To be in a position to step into product development it is also recommended to consider 

licensing of development products, which are not yet on the market. but stiil at the stage of 

development. mostly in the clinical phase. This approach would allow to carry out product 

development. without having too long periods of development. Also the financial risk 

connected with the development of a new product could be reduced by this approach. 

The plant will be placed in the sector 4 aiming at intermediates. The recommendation to 

concentrate activities on intermediates has also a research aspect. Development of a new 

product takes much less time with intermediates than with pharmaceutical end products, 

because neither pharmacological nor clinical testing is required. New products can be 

established within a shon period of sometimes less than one year. Intermediates production 
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will reduce dependence from raw material suppliers, but might also in itself be targeted to 

panicipate in the international intennediates market. 

The equipment of this plant reflects versatility and up-scaling facilities, starting from glass 

equipped laboratories. As a special feature it is foreseen to install scaling-up units fur 

development of continuous processes. This will increase the versatility of this unit 

dramatically and will allow even development of large scale bulk chemical processes. 

8.3. THE RESEARCH CENTER FOR BIOTECHNOLOGY AND GENETIC 

ENGINEERING 

This research center in its present dedication is not at all directly connected to the 

production of one of the sectors. This means that it could aim primarily at basic research 

and development. with only long term perspectives as far as economic efficiency is 

concerned. It will however serve as an internal focus to step into new activities of 

biotechnological production. 

It was decided to place this unit in sector three for the following reasons: Sector three is 

dedicated to natural products. the main processes requiring natural products as starting 

materials. comparable to biotechnological production. Furthermore sector three could 

accomodate biotechnological production without change of its market orientation. 

Production processes of pharmaceuticals. e.g. vitamins, and of intermediates may 

frequently be carried out using biotechnological processes. This option should be kept 

open in the pharmaceutical complex. 

With genetic engineering the situation concerning the introduction of new products is seen 

much less optimistic nowadays than a few years ago. In pharmaceutical industry the 

general approach tll this area is usually to buy an established small research company. 

which is experienced in this field. expectations on return of investment shift more and 

more to the importance of molecular biology and genetic engineering as a new set of tools 

in pharmacology. 

At this stage it must also be mentioned that in a pharmaceutical company sophisticated 

research work, e.g. genetic engineering research, without pharmacological and 

toxicological research laboratories will not be very effective and that establishment of such 

units seems to be a major prerequisite before starting any sophisticated research and 

development activities. 
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Therefore it is recommended to keep only a low profile and low investment in this pan of 

the research unit. In Volume 3 design and equipment are given for such a biotechnology 

research center consisting of 

- Fermenter laboratory 

- Downstream processing laboratory 

- Genetic engineering laboratory. 

8.4. MULTI PURPOSE MEDICINAL PLANT EXTRACTION UNIT 

Establishment of multipwpose units for extraction of medicinal plants has been one of the 

most efficient project strategies of UNIOO. It is therefore recommended that the foreseen 

unit in its structure will be oriented to follow the successful UNIDO approach. In the 

UNIOO Repon "Design Options for a Polyvalent Pilot Plant Unit for the Distillation and 

Extra:tion of Medicinal and Aromatic Plants" (IPCT.143(SPEC.). 15 September 1991) 

detailed data are presented for a unit, which in the first phase of such ac.tivites would be 

well suited for erection in the SHAHID MODARRES plant. Data on a multi purpose 

medicinal plant extraction unit are also found in Volume 3 of the present repon. 

Most obvious targets for research work in this unit would be compounds from local Iranian 

plants (see Table 15). Since the products extracted from these plants also constitute 

phannaceuticals, which have to be placed on the market and which increase the present 

number of about 50 products, it is recommended to step into this specific field of 

phannaceutical activity only after establishing a detailed development and work 

programme at a later stage of project implementation. 

Since, based on available information, at present a decision cannot be met, which products 

might be suitable for production in industrial scale, it is recommended that a co-operation 

with a company specialized ~n plant extraction be set up, which might be useful to help 

SHAHID MODARRES to take decisions on further activities. Interest in ~11c-h co-operation 

has been indicated by one company. 

As far as the development programme is concerned it is recommended not only to aim at 

known pharmaceuticals from plants, but to consider also synthetic transformation of 

extracted products to scmisynthetic pharmaceuticals. 
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More and more natural products are used as staning materials and intennediates for 

structurally complex drugs (e.g. chiral pool). Extracting and transforming natural products 

to obtain building blocks for chemical and pharmaceutical compounds could be a 

promising long tcnn development target in a pharmaceutical company having the structure 

of the SHAHID MODARRES Industrial Phannaceutical Complex. 

Table 15: List of medicinal plants common in Iran 

Item No. Scientif.c name Common name 
01 Attooa Belladonna Beladona 
02 Mentha Pi~rita L. Mentha 
03 Clavicem;'" ... Er20 
04 Camelia Sinensis Tee 
05 Enhedra Vul2aris - .. 
06 Ce~lis Inecacuanha lneca 
07 Ricinus Communis Ricinus 
08 Panaver Somniferum Panavera 
09 Pilocarous Jaborandi Pilocamus 
10 Planta20 Psvllium Planta20 
II Amvedalus Communis L. AmV2dalus 
12 Arachis Hvoo2aba Arachis 
13 Pious Paxustris Pine 
14 Astra2alus Gummifer Astraealus 
15 Eucalvotus Globulus Eucalvotus 
16 Acacta Arabica Acacta 
17 Pimoinella Anisum Anise 

9. QUALITY CONTROL 

Section 50l(a)(2)(B) of the Federal Food, Drug and Cosmetic Act edited by Food and 

Drug Administration (US Department of Health and Human Services) requires that all 

drugs be manufactured, processed. packed, and held in accordance with current good 

manufacturing practice. No distinction is made between bulk phannaccutical chemicals 

(BPC's) and finished phannaceuticals. 

Although there arc basic differences between the processes used in production of BPC's 

and the processes used in manufacturing finished pharmaceuticals, the need for the 

assurance of quality is still the same. 

In the case of a plant producing bulk phannaceutical chemicals it will be necessary to 

establish a system of quality assurance and quality control to ensure that the substances 

produced will meet the specifications required. 
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Quality assurance sheuld be the department for coordination of the different divisions in 

the company having influence on the quality of the product: 

Production Man.1gement 

Quality Control with the sections: Chemical Analysis and Microbiology 

Packaging 

Storage 

etc. 

This results in the edition of sampling plans. hygiene plans. written operating procedures 

for analysis. stability testing programs. cleaning. storage. packing etc .• so called Standard 

Operating Procedures (SOP's). 

Quality Assurance is also responsible for the observation of the rules of Good 

Manufacturing Practice in the whole plant. 

Funhennore Quality Control is responsible for the analytical and microbiological testing 

written down in the SOP's for each product - raw material or finished product. Also 

procedures for control of the hygienic status. efficiency of cleaning procedures. stability 

testing etc. have to be ca.'Tied out The Quality Control Manager is the only person who 

may decide about the release or rejection of a starting material or finished product - of 

course he may delegate some of his responsibilities. 

Production Management is resoponsible only for testing the intermediates of the 

production (in-process control, IPC). 

All result.Ii of testing procedures (raw material. IPC. final product. cleaning procedures. 

packing procedures etc.) have to be laid down in a written form. so that at the end of a 

production Quality Control has a basis for decision about the release or rejection of a BPC. 
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For funher infonnation refer to: 

Quality Control and GMP File: "Good Manufacturing Practice (GMP) in Production of 

Bulk Phannaccutical Chemicals" 

"Organigramm of QA 'QC Organization" 'The Scope of 

the W archouse Laboratory" 

'The Scope of the In-Process-Control Laboratory" 

'The Scope of the Central Laboratory in BPC 

Production" 

'The Scope of a Microbiological Laboratory in BPC 

Production" 

10. ENVIRONMENT AL PROTECTION INCLUDING EFFLUENT TREATMENT 

10.1. GENERAL CONCEPT 

Conceiving a general Jong tenn concept for environmental protection means to take into 

account that the requirements for environmental safety wilJ i1acrcasc in future. It is 

therefore not only necessary to consider existing regulations but to aim at the best 

technological solution which is economically feasible. 

A specific distinction between an Iranian and an European chemical company lies in the 

fact that in Iran neither rivers arc available to dilute effluents nor an existing infrastructure 

of organizations dealing with regular disposal of the wastes either by incineration or 

dumping may be expected. Planning therefore should aim at an eventually waste free 

manufacturing plant. 

Steps for environmental prctcction stan with the selection of technologies. Rcs1Jlting 

wastes have to be examined painstakingly with regard to further treatment. Also measures 

to reduce the amount of waste through changes in processes should be considered. A first 

and effective action in this respect would be an extensive recovery of solvents. As 

recovery of solvents only makes sense. if funher utiiization is guaranteed, it was proposed 

earlier in this repon that a couple of medium sii.ed solvent recovery units arc set up in the 

different sectors, so that the recovered solvents always remain in the same areas of the 

production plant. 
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Residues of distillation and various organic materials have to be removed by incineration. 

whereby special attention has to be directed to possible emissions of highly toxic 

compounds (dioxins. furancs). Such problems can be avoided either by installation of an 

efficient exhaust gas purification plant or by dumping of critical wastes instead of 

incineration. It seems desirable to combine the incineration unit with heat or energy 

recovery systems thus reducing the cost of environmental protection activities. 

10.3. EFFLUENT TREATMENT 

Discharge of effluents into a river for funhcr dilution is not feasible at the plant site. For 

this reason great care has to be amibutcd to the aspect of effluents. 

Each effluent after individual treatment (if necessary) in the relevant production unit is fed 

to a biological effluent trcattnent unit. which should be kept in an encasement. which 

allows the collection of the air emitted from the basin. Bubbling of air through the 

effluents as a positive side effect will also strip volatile organic compounds from the 

water. which should be collected and fed preferably to the incinerator air. Wid1 YCspcct to 

the great distance between the treauncnt plant and the incinerator, long distance piping of 

the collected exhausting air might be economically not feasible. In this case use of bio 

filter should be considered as an alternative. 

According to the planning of the Iranian experts th~ water from the effluent treatment 

plant should be fed into a pool for evaporating. This concept is well conceived and 

technically simple. It must be considered that safe sealing of the bottom of the pool by 

means of layers of clay and plastic foils is required in order to avoid contamination of the 

ground water. It may be assumed that in the first phase of operation the evaporating pond 

might become a biosphere of considerable ecological value providing an additional water 

purification effect. However it is obvious that soon biotop function will disappear due to 

the concentration of salts in the effluents. 

Concerning this technical concept of effluent treatment it is recommended that at least two 

separated ponds should be foreseen, to provide the possibility to remove and dump the 

wastes from the dried up sections of the pools. A substantially more expensive, but 

economically superior solution, would be the installation of a desalination step afttr the 

biological treatment. The desalinated water would not effect the ecological system of the 
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ponds and could funhcnnore be reused in the plant as process water. thus reducing the 

requirements for water supply. 

10.4. DUMPING 

Last not least it is necessary to install a dumping site for chemical waste to be u~.cd for 

dumping of inorganic salts. non combustible organic wastes and wastes from the filters of 

the incinerator. Here again a safe scaling of the floor is required to avoid ground water 

contamination. 

Furthermore it must be considered that such a dumping site. as well as the other units of 

environmental safety. requires an organizational and operational concept to allow secure 

operation. observation and control. 

10.5. QUANTITIES OF WASTE TO BE EXPECTED 

Table 16 represents a list of waste produced in each unit. The waste is attributed according 

to the foreseen treauncnt procedure. 

Table 16: Waste produced in each unit. attributed according to the foreseen treauncnt 
procedure 

dumping incineration waste water 
Unit kg/year kg/year kg/year 

Unit I.I. 120.000 6.105.000 
Unit 1.2. 550.000 10.000.000 
Unit 1.3. 19.469 140.823 2.254.467 
Unit 2.1. 410.399 2.397.222 
Unit 2.2. 50.909 191.060 9.125.089 
Unit 2.3. 104.301 349.333 3.221.549 
Unit 3.1. 1.845.000 22.374.000 
Unit 3.2. l.S<» 2.627.636 
Unit 3.3. 6.000 797.900 
Unit 3.4. 7.206.456 
Uni1 3.5. 40.500 21.000.000 
Uni1 3.6. 480 4.680 138.512 
Uni1 3.7. 139.215 419.395 2.821,683 
Uni1 4.1. 2.564.684 
Uni14.2. 41.831 96.225 2.164.899 
Unil 4.3. 21.707 122.809 1.502.214 
Uni14.4. 373 1.526.985 

sum 420,289 4,255,725 97,828,296 
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Since most of the reactions in the plant will be carried out in closed equipment. emission 

of organic vapours into the air will have to be expected mainly in those areas. where gases 

arc blown into the reaction mixtures or fonned during the reactions. In those cases. where 

the normally installed scrubbers will not be sufficient. the units will have to be equipped 

with special scrubbers. 

Significant solvent emissions have to be expected from the dryers. where rather big 

quantities of solvents are set free. It is recommended to use dryers with solvent recovery 

system. In case of a negative cost benefit analysis of these devices the exhaust gas from the 

dryers should be fed to the scrubbers. 

11. MAINTENANCE AND SAFETY 

11.1. SURVEY ON MAINTENANCE ACTIVITIES 

Maintenance and repair units will have to be established securing all required services. 

Repair shops will have to be equipped for mechanical, electrical, clcctronical and glass 

working techniques (sec Chapter 12.5.) and must be run by skilled personnel. More 

general services, like construction, masonry. painting or car service, must be considered as 

well. Although with respect to the remote location of the plant it may not be expected to 

find local repair shops. in case given repair contracts with locally established companies 

should be considered. 

11.l. SAFETY PROCEDURES· REQUIREMENTS AND REGULATIONS 

Safety aspects gain more an<! more aucntion and importance in chemical industry. Since it 

is important to consider safety aspects from the beginning of the planning phase of a 

project. the present repon is giving some comments on this topic. 

11.l.l. AIMS OF SAFETY PROCEDURES 

Aim of the following measures is to increase safety in chemical synthesis by means of an 

action plan in the case of fa..c, accident or other troubles, to minimize risks for humans and 

environment. 
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Already in the phase of project planning and construction of buildings and equipment. 

national regulations and international standards must be taken into consideration. For the 

start up period of operation, written instructions and regulations have to be issued by the 

Safety Committee under chairmanship of the Safety Commissioner (Head of Security, Fire 

& Pollution) including representatives of the fire brigade and mediccl doctors. 

Safety in chemical plants is a multi-dimensional problem including not only hardware and 

process aspects. but also training, documentation and management. A recent major 

accident investigation repon (Monitoring Safety published by Health & Safety Executive, 

UK 1986) gives a survey about the reponsability for fatal accidents in the years 1981-1983 

in the UK: In 61 % of the accidents senior mangagement was to blame for the incidents 

and only in 17 % of the events the operators themselves. These figures demonstrate that a 

reliable safety mangagement will be the basis for safe operation of the plant. 

11.2.2. SAFETY COMMITTEE 

Staning from the very early phase of pla.'lning the fully authorized Safety Commissioner 

has to assist the Project Management with his knowledge and exl'Crience. The tasks of the 

Safety Commissioner comprise the establishment of the fire fighting brigade and the 

Safety Committee which has the following tasks: 

Dividing the plant into safety areas, safer~ zones and safety sections: preparing a concept 

for safety analysis: first aid concept: concept for information and announcement in case of 

accident; alarm plan and stand by measures etc. 

A haz.ard and risk assessment process should be pan of all activities in thr planning phase. 

Safety has to be planned and built in in all installed equipment and prOC'-sses. The slogan 

'what you haven't got, can't leak' summarizes the concept of Inherent Safety: lower 

inventory, safer materials, less hazardous process routes (cooler, lower pressure. less 

dangerous chemicals) and the use of semi-batch methods). 

11.2.3. SAFETY ANALYSIS OF THE PLANT 

DANGEROUS MATERIALS· RECORDING: SAFETY DATA SHEET 

All starting materials. intermediates and finished products should be enlisted alphabetically 

according to their dangerous characteristics: explosive, inflammable. toxic etc.: accc,rding 

to their chemical and physical propenies: melting point. flash point, solubility in water, 
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temperature of decomposition. precautions in transponation etc .. It is recommended to use 

the forms of ADR ( = European convention of the international transponation of dangerous 

goods on the road). Those safety data sheets already exist for several hundreds of 

chemicals substances. including safety aspects in the case of accidents. 

SAFETY SECTIONS; SAFETY ZONES - COMPil.ATION AND CLASSIFICATION OF 

MATERIALS, EQUIPMENT AND METHODS 

For the different sections. areas etc. a detailed list of the maximum quantities in store has 

to be worked out. Together with the risks of the processes. a classification of the sources of 

danger in the corresponding area has to be given. (Classification I - 10 = no - high risk of 

safety). This assessment of risks is of uonost importance in the provision of safety aspects. 

All the actions should be revised regularly in the Safety Committee. 

REQUIRED SAFETY PROCEDURES 

Safety procedures are applied at different levels. Without being exhaustive the following 

topics have to be considered: 

- Organization: first aid; medical provision; fire brigade; alarm plan; instructions of 

personnel; training of personnel; check list for safety analysis. 

- Buildings: burning sections; fire proof walls; installations and equipment; precautions 

in joint storage (-peroxides !); extinguishing equipment; smog abatement

ventilation; firewater network system and firewater stores. 

- Equipment: protective clothes; safety goggles; working boots; oxygen apparatus; 

neutralizing agents; bonding material; fire extinguisher. 

- Other: double ener~y input for the technologies, which in the case of lack of 

energy can cause fire and/or explosion. 

CHECK LIST FOR SAFETY ANALYSIS 

It is recommended to enlist the different safety criteria according to the following aspects. 

A revision should be performed periodically to include the findings into the obligatory 

safety procedures of the plant. A raw survey of a check list should contain among many 

others: 
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- type of reaction: exothermic gas fonnation. delayed staning. reaction progress. 

- staning materials. reaction mixtures. wastes. safety data sheets. effects on health 

- Plant and transponation system: 

- Construction: open, closed, hall. floor. 

- surroundings: offices, crowds of people. gasoline tanks. pipe lines, power stations. 

- equipment: construction material. electric and electronic installations. safety 

system, safety valves. earthing. energy breakdown. control devices. 

alarm system, exhaustors 

- transportation: facilities, pumps. containers. leakage. roads. 

-Manpower: 

- personnel: training. knowledge. false reaction. stress. occupational disease. 

- instructions: written manufacturing procedures. written alarm and infonnation 

plan. written check lists for supervision of criti'-=ai actions. 

- outfit: working clothes. helmet. 

- training: programme on behaviour in emergency situations. fire fighting. first 

aid. respiratory masks. 

- External influence: 

- day/night. temperature. wind, dust 

- sabotage, strike, war 

- natural disasters 

- earthquakes 

- Environment: 

- air, soil, water. pollution, burning, dumping. collecting reservoirs in case of 

leakage. 

ORGANIZATION AND ARRANGEMENTS 

Establishment of a Safety Committee including staff and workers from all sectors and 

administrative buildings, who implement the results of the safety analysis by means of the 

check lists into the obligatory safety plans, alarm plans and training arrangements, is an 

absolute necessity in a chemical plant of this size. A medical care center and first aid 
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rooms are foreseen ·within this project with sufficient space and personnel. A well 

equipped fire brigade including a vehicle fleet must also be established. 

12. EQUIPMENT AND PROJECT ENGINEERING 

12.1. PRODUCTION EQUIPMENT - TYPES AND PRICES 

The equipment foreseen in the plant is standard equipment as used in phannaceutical 

industry both from the point of view of size and suuctural material. 

Selection of material was carried out along the following criteria.: 

- Structural material has to resist to corrosion during the process. 

- In case of alternatives of suited materials. the cheapest was proposed. 

According to this. the following structural materials are used: 

- steel 

- enamelled/glass lined steel 

- stainless steel 

- halar coated steel 

- graphite (korobon) 

- glass 

The installation of teflon coated or glass lined equipment was only foreseen when required 

by any means. since prices for this type of material are rather high. 
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The scope of application of the different structural materials is as follows:: 

Enamelled steel: 

Stainless steel: 

Graphite: 

Halar coated steel: 

Teflon coated steel: 

Glass: 

useful under acidic, neutral and mildly basic conditions 

up to 300°C 

alkaline solutions corrode 

useful under acidic, neutral and basic conditions 

Chlorine containing solutions, oxidizing acids corrode 

at higher temperatures. Hydrogen chloride solution 

corrodes even at low temperatures. 

useful practically under all sorts of conditions, except 

the oxidizing mediums at high temperatures 

useful under acidic, neutral and alkaline conditions 

useful practically under all son of conditions•> 

useful under acidic, neutral and mildly alkaline 

conditions 

alkaline solutions corrodes at higher temperatures 

12.2. PRODUCTION EQUIPMENT QUANTITY 

For each unit the main equipment was established . The complete list of the equipment can 

be seen in Volume 3 of this repon. 

Table 17 gives a summary over all equipment parts foreseen in the complex, without 

equipment for research and development centers (Unit 3.8., Unit 3.9., Unit 4.4. Upscaling 

pan) and prices for all parts. 

Table 17: Equipment foreseen in the complex without research and development facilities 

General 
descriotion 
absorber 

I Units I Capacity 

I 
2 

I IOOOmm 
4 

I Item description 

absorber (methyl amine) 
absorber (methyl 
mercaptane) 
absorber (NOX) 
2as absorber 

I Structural 
material 

enamelled 

I Unit cost 
('OOOATS) 

soo 
soo 

1000 
164 

•> Teflon coated materials arc mainly used in reactions with hydrogen fluoride, such as 

hydrofluorination, halofluorination, nitrofluorination and conversion of alcohols to 

alkyl halides. 
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Table 17 (continued): Equipment foreseen in the complex without research and 
development facilities 

Gea~ral I Units I Capacity I Item description I Structural I Unit cost 
description material COOOATS) 
autoclave 4 0.63 m3 hvdroaenalion autoclave stainless steel 123 
blender I 4m3 blender stainless steel 447 
boiler 2 3.15 m2 back boiler stainless steel 500 

1 3.25 m2 backboilcr stainless steel 500 
1 12.5 m3 reboiler stainless steel 346 

calorifer 16 steam heated calorifer 50 
centrifuge 2 IOOOmm basket centtifuge carbonated steel 2239 

/rubber 
l lOOOmm basket cenuifuge stainless steel 2239 
6 1200mm basket centtifuge stainless steel 2556 
4 lOOOmm bottom discharged centrifuge halar coated 2239 
I 1600mm bottom discharged centrifuge halar coated 3001 

17 IOOOmm bottom discharged centrifuge stainless steel 2239 
15 1600mm bottom discharged centrifuge stainless steel 3001 
I 1500mm centrifuge 2878 
I 1500mm centrifuge acid resistent 2878 
I 1200mm centrifuge enamelled 2556 
7 1250mm centrifuge stainless steel 2556 
5 1500mm centrifuge stainless steel 2878 
4 lOOOmm top discharged centrifuge halar coated 2239 
3 1200mm top discharged centrifuge halar coated 2556 

40 IOOOmm top discharged centrifuge stainless steel 2239 
2 1200mm too discharaed cenlrifule stainless steel 2556 

column I 5m extraction column stainless steel 144 
I ion exchanger column stainless steel 500 
I 250x6000 oxidation column stainless steel 1000 

mm 
2 250x6000 rectification column staanless steel 1000 

mm 
I 3 t/h rectification column stainless steel 1000 

condenser 22 condenser 70 
8 3.75 m2 condenser enamelled 39 
I 10m2 condenser gr.Jphite 143 
8 12m2 condenser graphite 167 
2 12.5 m2 condenser graphite 167 
3 14m2 condenser graphite 180 

44 16m2 condenser graphite 197 
3 17 m2 condenser graphite 206 
I 0.5m2 condenser stainless steel 14 
5 1 m2 condenser stainless steel 22 
8 3.15 m2 condenser stainless steel 48 
I 4m2 condenser stainless steel 56 
2 condenser stainless steel 70 
7 6m2 condenser stainless steel 76 

14 6.3 m2 condenser stainless steel 79 
60 8m2 condenser stainless steel 90 

I 10m2 condenser stainless steel 105 
31 12m2 condenser stainless steel 122 
11 12.5 m2 condenser stainless steel 122 
5 17 m2 condenloer stainless steel 150 
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Table 17 (continued}: Equipment foreseen in the complex without research and 
development facilities 

Geaeral I u.mleap.dty 1 •ana desaiplioa I sane .... I Ullit cast - . . 
material r•ATSl 

coadHSU I 20m2 condenser stainless steel 168 
(continued) 2 25m2 condenser saainles!: sect 196 

l 40m2 condenser stainless steel 405 
l SOm2 condenser stainless steel 442 
l 80m2 condenser srajnJcss steel 610 
8 lUbc nac:kct condenser 100 

coaaiu.r 8 O.Sm3 mobil container balar coaled 109 
40 0.5m3 mobil container stainless steel 109 

cooler 1 cooler 345 
1 2 r1t2 cooler ~inless SleCI 35 
2 20m2 cooler saainless SleCI 168 
2 35m2 cooler Slainless steel 34S 
I S0m2 cooler stainless steel (i()S 

I 3.IS m2 exit p cooler saaiatess steel 48 
I 10m3 slurrv cooler saainless saeel 314 

cryslallizer 2 I m3 crysla)lizer ~lined 320 
2 2m3 crystJllizer ~lined 462 
I 3.2m3 crystallizer ~lined 593 
3 2.Sm3 crvua_••=-- stainless steel S20 

- 2 2200mm eve lone stainless srecl so ... _. 

decuta' I I m3 decanler stainless steel 130 
I 2m3 decanter stainless steel 167 

decomllftWI' 8 251 steam decomnmtt •l!L« lined 25 
demister 2 demi31er teflon so 
disailer I 0.2 m3/h dislilliltg apparalUS Slainless steel 100 

I 6m3 distilling apparalUS saainless steel 3(j() 

I 10m3 distilling apparalUS saainless steel (JO() 

15 0.25 m3 vacuum distillin2 annararus saainless steel 20.5 
drier l 3SOkg/day fluid bed dlyer enamelled 783 

I IOOkg/h fluid bed dryer Slainlcss srecl 19S 
I 200kg/h fluid bed dryer saainless srecl 279 

23 fluid drier saainlcss srecl 400 
I 800kg/h spray drier saainless srecl 940 
2 uay drier 800 
4 uay drier saa.inlcss srecl 800 

22 12m2 uay drier saa.inlcss srecl 1100 
I 2-3 m3 vacuum drier 1863 

14 0.25 m3 vacuum drier llainless srecl 20S 
8 1 m3 vacuum drier saa.inlcss srecl 426 
I vacuum drier llainless steel 783 
2 3.51/d vacuum drier stainless srecl 783 
2 1.9 m3 vacuum drier stainless srecl ltiOO 

electrolyzer 4 3.Sm3 elecarolyzer carbonated steel 100 
/rubber 

ev1porator I 3m3 evaporator enamelled 443 
3 3 m3/9m2 evaporator glass lined 443 
8 evaporator stainless srecl 120 
I 0.3 m3/h evaporator llainless steel 120 
2 evimnntor llainleu steel 443 
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Table 17 (continued): Equipment foreseen in the complex without research and 
development facilities 

Gaenl I Ullits'Capadty I Ima descriplioa I::=' I Ullit cost . . . (' .. ATS) 
evaporator I 200tg/h evaponaor saainlcss stccl 443 
(c:ontinucd) I 2.5 m2 evaporal.Or saainlcss stccl 516 

2 Sm2 - or saainlcss stccl 1178 ,.. 2 UXX>m3Jh fan DYC 100 
fermtater 3 2m3 fennenaer stainless saeel 200 

2 20m3 fennenler stainless S1eel sso 
filler I bag fdter 43 

l bag fdter enamelled 32 
I O.Sm2 bar fdter enamelled 32 
2 bag filter saainlcss steel 43 
I O.Sm2 basket filter enamelled 32 

34 c:andlc filter stainless stecV 27 
tdlon 

I O.Sm2 carbon filter stainless steel 43 
22 dust filter 43 

I 2m2 filter stainless S1eCI 212 
2 4m2 filter stainless steel 334 
I plate falter stainless SICCl 500 
I 3001/h Seitz filter saainlcss steel 600 
s O.S m3/min sterile filter stainless Sleel 42 
3 Sm3/min sterile filter stainless Sleel 178 
2 30m3/mir1 sterile filter s:ainless Sleel S6S 

32 3.Sm2 uay filter stainless SICCl 214 
12 l.Sm2 vacuum filter enamelled 300 
I 2m2 vacuum filter saainless steel 212 
I 10m2 vacuum filter stainless steel 1000 

filterpreg I 13m2 filter press polypropylene 441 
I 380 IJh filter press stainless steel 500 
2 filter press stainless steeV 500 

polypropylene 
I 20m2 filter press stainless steeV S64 

nnlvoroovlene 
fdlerwasber I 10m3 filter washer 314 
,....mmbtt I 0.2Sm3 Dash chamber stainless SICCI 1S ......... 2 granulalor stainless SICCI so 

24 IOOOkg/h granuling machine stainless SICCI 700 
16 millin1. mmulint machine 700 

lleal n:daa111er 8 heal exchanger 22 
8 heal exchanger carbonated Slee) 30 
4 SOm2 heal exchanger carbonated Sleel 60S 
2 heal exchanger stainless SICCI 22 
s I m2 heat exchanger stainless steel 22 
2 heauxchan1er stainless steel ISO 

lift 4 500k2 oneumatical wei2h1 lifl steel 100 
MartmlOD 7 Man:usson cover glass lined/ 1S 
cover stainless s1eel 
•HI I air reduc1ion mill 500 

1 400k21b mill carbonated steel so 
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Table 17 (continued): Equipment foreseen in the complex without research and 
development facilities 

Gaenl I Uaicslc.p.dty , .. msaiptioa l:::.-1 I Ullit cost . . . ('tMATS) 

•mr 1 0.1 m3 mixer carbonated steel 35 
1 1.5 m3 mixer stainless Sleel 186 ,..., 1 5m3Jb cenlrifupl pump 49 
3 3m3Jb cenlrifupl pump stainless steel 47 

44 6m3Jb cenlrifupl pump stainless steel 51 
8 6m3Jb cenlrifupl pump tcflon 51 

12 0-100 I/min feeder pump stainless steel 51 
8 0-1001/min feeder pump rdlon 51 
1 4m3Jb oil pump 48 
8 oil vacumn pump 237 

24 6m3Jb paeum.pump tcflon 100 
3 2m3Jb pump 40 
I 4 m3Jb pump 48 

16 pump 51 
1 5 m3Jb pump carbonalcd saecl 49 
2 6m3Jb pump carbonalcd steel 70 
2 20m3/h pump carbonalcd saecl 95 
1 30m31b pump carbonalcd saecl 113 
1 0.2 m3Jb pump stainless steel 17 
4 I m3Jb pump stainless steel 33 
3 2 m3/h pump stainless SleCI 40 
7 3m3Jb pump saainless steel 47 
2 4m3Jb pump stainless Sleel 48 
2 1-100 I pump saainless steel 51 

61 6m3Jb pump stainless steel 51 
1 pump stainless steel 54 
1 10m3/h pump stainless Slee) 54 

13 20 m3/h pump stainless steel 95 
4 2.5 m3/min pump stainless steel 226 

10 6 m3Jh pump tcflon SI 
I 20HP vacuum pump 252 

12 Wlll'.r ringed pump 237 
27 waler rioted vacuum oumo 237 

ractor 2 caaalylic reactor saainless sreel soo 
I Sm3 llirred reactor 997 
2 20m3 llirred reactor 2318 
I 0.25 m3 llirred reactor enamelled 154 
9 O.Sm3 llirred reactor enamelled 222 
S I m3 llirred reactor enamelled 320 

17 1.25 m3 llirred reactor enamelled 3(j() 

36 l.6m3 stimd reactor enamelled 410 
26 2m3 llirred reactor enamelled 462 
43 3m3 stimd reactor enamelled 593 
14 6m3 llirred reactor enamelled 840 
2 12m3 llirred reactor enamelled 1330 
2 2m3 stimd reactor glass lined 462 
6 3m3 stirred reactor glass lined 593 
8 Sm3 stirred reactor glass lined 750 
I 6m3 stimd reac1or glass lined 840 
2 7m3 stirred reactor llass lined 898 
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Table 17 (continued): Equipment foreseen in the complex without research and 
development facilities 

Gaeral I Uaits I Capecity I Item descriptioa I:::-' I Uaitcast - . . rlllATS) 
rnc:tor 2 8m3 stirred reactor glass lined 964 
(continued) 2 3m3 stirred reactor polypropylene S93 

S SOI stirred reactor stainless SICCI ls8 
I l.2S m3 stirred reactor saainlcss SICCI 479 

n l.6m3 stirred reactor saainlcss steel S4S 
11 2m3 stirred reactor saainlcss SICCI 614 
4 stirred reactor saainlcss steel 789 

13 3m3 stirred reactor saainlcss srecl 789 
I 4m3 stirred reactor saainlcss SICCI 887 
4 Sm3 stirred reactor saainlcss 51Cel 1000 

14 6m3 stirred reactor saainlcss SICCI 1117 
I IS m3 stirred reactor stainless 51Cel 1990 
2 20m3 stirred reactor saainlcss steel 2318 

Rttiver 16 cooled receivcr 24 
28 0.16m3 cooled receiver 43 
16 0.1 m3 cooled receiver enamelled 26 
16 O.S m3 cooled receiver enamelled 82 
4 cooled receiver stainless steel 24 

16 0.16m3 cooled receiver Slainless steel 43 
3S 0.2Sm3 cooled receiver Slainlcss steel 75 
5 O.S m3 cooled receiver saainlcss steel 109 

212 0.63 m3 cooled receiver Slainle-;s SICCI 123 
16 receiver 10 
I 3m3 receiver enamelled 192 
4 0.1 m3 receiver Slainless scccl 3S 
I 0..2 m3 receiver Slainlcss scccl 51 
2 O.Sm3 receiver Slainlcss SICCI 109 
5 0.63m3 rcceiver Slainless saccl 110 
6 I m3 receiver Slainlcss stccl 130 
I l.S m3 receiver Slainlcss SICCI ISO 
4 2m3 receiver stainless saccl 167 

scale 2 ISOOltg pla1tform scale 4S 
I 20001tg plattfonn scale so 
I 1000 kg sc.de 35 
I JOO kR scale lllainless scccl 3S 

KrUbber I 5m3 scrubber carbonated steel 400 
/cpox. 

I 3m3 scrubber polypropylene 350 
I 2m3 scrubber stainless slCCI 160 

semrator 2 0.25 m3 liquid/liauid ~lor stainless slCCI 75 
steam heatiag 8 steam healing center 120 
c•ler 

14 aeam heatina center steel 120 

llea•jet 9 steam jet injeccor JOO 
iajedor 

2 vacuum steam iet. oav so 
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Table 17 (continued): Equipment foreseen in the complex without research and 
development facilities 

Gnenl I Uaitslc.p.city I baa desaipci09 ,Slnct ... I Um cost - ... .. 1maa rtMATS) ... I 201 tank SI 
I 10m3 tank 314 
4 20m3 rant 476 
I 30m3 tank 611 
2 0.63m3 &ant carbonated saeel 117 

/rubber 
2 I m3 tank carbonated saeel 130 

/rubber 
I 32m3 &ant carbonated steel 611 

/rubber 
2 SI tank carbonated saccl 24 
8 0.3m3 tank carbonated saeel 80 
2 O.S m3 tank carbonated saeel 109 
2 I m3 tank c:arbonalcd stcel 130 
2 2m3 tank carbonated steel 167 
3 6.3m3 tank carbonated stcel 280 
I 10m3 tank carbonalcd stcel 314 
2 32m3 tank carbonated stcel 611 
8 SO I tank enamelled 18 
8 0.1 m3 tank enamelled 26 
4 0.2Sm3 tank enamelled S6 

62 O.Sm3 tank enamelled 82 
32 20m3 rank enamelled 3S1 

I 0.8m3 rank glass lined 117 
I 6m3 rank glass lined 280 
I 10m3 tank glass lined 314 
I 30m3 tank glass lined 611 
2 O.S m3 tank polypropylene 109 
I 10m3 tank polypropylene 314 
I SOI tank stainless steel 24 
2 0.1 m3 tank stainless steel 3S 

94 0.16m3 tank stainless steel 43 
4 0.2m3 tank stainless steel SI 

116 0.2S m3 tank stainless steel 1S 
10 0.S m3 tank stainless steel 109 
S 0.82m3 tank stainless steel 117 
.~ I m3 tank stainless steel 130 
4 I m3 tank stainless sceel ISO 
I l.S m3 tank stainless steel ISO 
I 1-2 m3 tank stainless saeel 167 
7 2m3 tank stainless steel 167 
I 2-3 m3 tank stainless steel 192 
6 3m3 tank stainless steel 192 
I 3.2 m3 tank stainless steel 192 
S 4m3 tank stainless sreel 224 
S Sm3 rank stainless steel 252 
i S.3 m3 tank stainless steel 252 
S 6.3 m3 tank stainless steel 280 
4 10m3 tank stainless steel 314 
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Table 17 (continued~: Equipment foreseen in the complex without research and 
development facilities 

Gmenl I u.mlClplidty I Item dacriptioll I St'11d11ra1 I Uait cost 
.:_ .. ;..tioe aaterial f818ATS) 
mil I 12 m3 rant Slainlcss steel 346 
(continued) 10 20m3 rant stainless steel 476 

I 24m3 rant saainless steel 524 
2 32m3 lank saainless SleCI 611 
2 40m3 lank Slainless SleCI 68i 
I S0m3 lank saainless steel n4 
I 0.25 m3 lank with iackct and stirrer stainless steel 140 

Yaelt .. trap 8 2.5 m2 V3CUUID Ir.Ip 39 
22 0.73m2 vacumn Ir.Ip stainless steel 22 

I l.4m2 vacuum b'aD stainless SICCI 30 . 
I stainless steel 443 ·~~ 

ftldilaaor 16 ventilator 100 
Yasd 2 l.2m3 VCS21 enamelled 3(,() 

I I m3 vessel stainless stccl 130 
3 3m3 vessel stainless steel 789 

---tower I washinJ! tower carbonated steel 300 

U.3. INSTRUMENTATION AND AUTOMATIZATION 

Instrumentation of equipment used in chemical production in batch processes is as a rule 

closely related to the source of equipment itself. Established manufacturers of equ!pment. 

e.g. reactors, in many cases offer allematives for instrumentation of their units, which may 

be selected according to requirements and financial background by the customers. Since it 

is too early at the present stage of the project to decide prescisely on the degree of 

instrumentation of the units, the evaluation in the present study is based on the assumption 

of installation of a comprehensive instrumentation of the production equipment. A survey 

on analytical instruments is given in chapter 12.4 .. 

Automatization in a chemical manufacturing plant can take place at the following levels: 

- unit of equipment 
- process 
- process building 
- plant 

The degree of automatization can reach the following levels: 

- conuol of parameters only 
- regulation of specific parameters 
- control and regulation of a process 
- conuol and regulation of a production 
- organization of a plant 
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Due to the development in EDP automatization is applied more and more in chemical 

production. The degree of automatization of a plant is closely correlated to its dedication: 

The more uniform a production is. the more easily automatization can be established. With 

respect to the present project this means that in the case of single line products the degree 

of automatization could cover control and regulation of a production in a process building. 

With the multi purpose plants either regulation of specific parameters or control and 

regulation of a process may be reached controlling one or several equipment units. 

Until recently a scccnd rule applied indicating that full automatization is only justified 

with large scale precesses. In the last years stored-program-control systems and other 

intelligent devices have become available on the market at very reasonable prices so that 

the bottleneck of optimum aulomatization nowadays is no more the required investment. 

but rather the req1.1ircmcnt of qualified staff that is in a position to carry out a good deal of 

progranuning in the company. 

Taking this into account it is recommended to foresee a flexible system of automatization 

for the plant. by which ir. a rattier decentralized manner control and regulation systems of 

different degree of automatization arc installed in the production units. 

At the same time it is recommended to develop an automatization concept for the 

company. in which beyond production automatization it should be determined up to which 

degree computer based plant organization should be established at the SHAHID 

MODARRES Industrial Phannaccutical Complex. 

Since the success of application of EDP nowadays is no more a question of capital 

investment for hardware. but depends mostly on suited software and a well trained 

operating staff. it is recommended to start with training of staff as soon as possible. so that 

experienced ~rsonnel is available from beginning of the installation of the plant. 

12.4. QUALITY CONTROL EQUIPMENT 

The chaptcr "Laboratory Equipment" in the Annex "Quality Control and GMP File" is 

divided in subpans concerning each type of laboratory. For each laboratory (with the 

exception of the Microbiological Laboratory) the required equipment has been estimated 

on the one hand as equ;pment for use in special analytical procedures as described in the 

Pharmacopoeias and on the other hand as equipment commonly used in labora!ories. The 

amount of required equipment has been estimated on the ba.~is of proposed batch sizes and 



UNIDO Coatract 9llll0, Projed:SF/1RAJ91190l 
Prof. Dr. C. R. Noc 

Summary Page 99 

the yearly output of. the plant as well as estimated time consumption for one analysis 

running on the particular apparatus. 

In the case of the in-proccss-conttol laboratories the laboratory equipment has been 

estimated for one laboratory. Special equipment for IPC-laboratories has been divided in 

two pans. one reconuncndcd for each laboratory and the other only necessary for 

particular laboratories. Although it is rcconuncndcd to have an IPC laboratory at each 

production unit. e.g. an infrared spccttomcter will not be necessary for each lab (but is 

recommended at least for those attached to the multipurpose production units). 

An estimation of prices of special and common equipment is given in the Annex. 

12.5. AUXILIARY AND SERVICE EQUIPMENT 

There is a broad range of required auxiliary and service equipment in a industrial complex 

of the size of the present project. It is not feasible at the present st.age of the project to 

present an exhaustive survey on all auxiliary and service equipmenL Some of t.~~ most 

important areas. where this type of equipment is required. arc listed as follows: 

COMMUNICATION 

- EDP : In regard to the different applications of a modem system it is 
recommended to install a network 

- telephone and fax 
- wireless facility interdepartmental 
- alann system internally and for extcmaJ infonnation 

STORAGE AND TRANSPORTATION 

- storage facilities. racks 
- storage transport equipment, fork-lift trucks 
- storage safety facilities 
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MAINTENANCE AND.CIVD. ENGINEERING 

car mechanic workshop: buses and cars for personnel aansponation; trucks for 
internal and external ttanspons. special cars ; fire fighting engines. aansportcr 
cranes; bulldozers. ambulance 

- gasoline filling station 
- workshops for all types of metal working 

workshop for electric and electronic repair 
- workshop for glass 
- civil engineering services: supplied with all tools and equipments for joiner's 

work. plumber. painter. gardener. construction workers 
- cleaning equipment for offices. production units and outside areas 

SOCIAL SERVICES, SAFETY, SECURITY AND ENVIRONMENT 

- fire fighting and security equipment 
- medical equipment. sick-room. first aid 
- kitchen and cafeteria 
- laundry 
- sports and leisure. radio. TV. library 
- accommodations. lodgings. also for guests 
- religious services 

OFFICES 

- office equipment. typewriters. office furniture 

13. SUGGESTED LA your OF THE COMPLEX 

As far as the anangemcnts of the units of the ~mplcx is conccmcd a lot of work had been 

done already by the SHAHID MODARRES planning group. This lay - out concept could 

be used to a large extent. major changes being required by the introduction of the 4 sector 

concept Instead of carrying out most of the productions in five prodJCtion units. three of 

them multi purpose units. the concept foresees multi purpose production units in each 

sector. In addition to that single line production is foreseen. which however in most cases 

is carried out in combined units as follows: 
. I 
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Stttor No. SiqteUnit 

I 2 
2 -

3••1 s 
4•••1 2 
Total 9 
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Combilted Unit•• Multipurpose Unit 

I 
2 I 
- I 

- 2 
2 s 

The proposed arrangement of the plant is illusmred in a map. which is supplied with this 

repon. 

It is poinred out that the proposed concept is not binding in principle and that changes in 

the arrangement of the !lnits would not effect the investment requirements to a large degree 

as far as impon of material and equipment is concerned. 

A specific situation is also given by the wish of the SHAHID MODARRES management 

to set up a remote solvent storage having a one year capacity. This requirement will have 

positive and promising effects on the non-shonage of solvents (due to impon problems) 

and also safety of storages, because only limired quantities of solvents will be stored at the 

production sites. however this solution needs more investment and capital binding. 

Long distances Jctwccn the plant and the biological effluent treatment system have also as 

well positive as negative effects. which have been already discussed. 

13.1. PRELIMINARY TECHNOLOGICAL DESIGNS OF THE UNITS 

As mentioned earlier in this repon a plant concept is proposed consi~ting of 4 sectors. each 

dedicared to a specific field of acivity of the company. In each of these sectors a set of 

different products is to be manufactured. This product mix determines the design of the 

units. A suited allocation of the different production processes to their production units is 

extremely important. For each product the decision has to be met to carry out production 

in single line units or to place the product together with other products into multi purpose 

plants. 

•1 Two single lines are condensed into one unit. 

••1 Besides the unit.Ci indicated, the Medicinal Plant Extraction and Biochemical and 

Genetic Engineering Centres are included. 

•••1 Also Pilot Plant Research Centre is induded. 
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For many years it has been a general ambition in phannaceutical industry worldwide to 

install production units in a manner that will allow changes in the production profile 

according to the demands of the health sector or the international market without 

fundamental changes in construction of the unit and without productivity loss due to 

standstill. "Multipurpose production units" have been the answer to this ambition. Aexible 

technological buildings are set up frequently using prefabricated elements available in the 

civil engineering market. 

The design of such halls is as uniform and flexible as possible. frequently a modular 

systems are applied. Technological equipment is selected to guarantee versatility. so that 

standard organic chemical key processes may be carried out. 

UNIOO has successfully worked out this concept for technology transfer and implemented 

it in several cases. The present plant concept follows to a large degree this UNIOO 

concept. 

The decision to foresee a product for production in a multi purpose plant was based first of 

all on production quantities. In addition to large volume products those products were 

considered for production in separated areas. which posc<l a risk of corrosion or explosion. 

The preliminary technological design was worked out for all units and can be found in 

Volume 3 of this repon. 

13.2. REQUIRED AREAS 

Since there is a lot of space available at the prospective plant site, there is no specific 

pressure concerning size of the production units and distance of these units from each 

other. 

It was mentioned bcf ore that increasing space as a rule means increased cost of ttanspon, 

but also increased security. 

Table 18 shows the area requirements for each unit. 
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Table 18: Arca requ~remcnts for each unit 

Unit 

I.I.. 1.2. 
1.3. 
2.1. 

2.2. 
2.3. 
3.1. 
3.2. 
3.3. 
3.4. 
3.5. 
3.6. 
3.7. 
3.8. 
3.9. 
4.1. 
4.2. 
4.3. 
4.4. 

Summary Page 183 

Area (m2) 

1404 
1296 
1088 
1088 
1296 
2412 
648 
648 
648 
486 
648 

1728 
648 
446 

756 
648 

1728 
1404 

It is pointed out that the areas given represent only indicative figures, which are based on 

the proposed type of production building. 

14. BUILDINGS 

14.1. TECHNICAL DESCRIPTION OF ONE PRODUCTION UNIT 

The design of chemical production units is determined by technical requirements. Several 

acceptable options for arrangement of production units can be found. The two main types 

are differing in the flow of material: venical arrangement, where the process stans at very 

high levels above ground and gravidity is bringing the flow of material down to the zero 

level, where the finished product is obtained and horizontal arrangement, where 

production takrs place in two or three ievels and the product is moved horizontally from 

one side of the unit to the other. Since frequently the arrangement of production units is 

closely correlated to the production technologies, the decision on a specific type of 

arrangement should be left to the implementing engineering company. 

The present study is based on the generally accepted horizontal system with three main 

levels. Such levels might be : 
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.- 0.00 m main level 

- 3.50 - 4.00 m manipulating level 

- 7 .50 - 8.00 m helper level 
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with the 0.00 m and the 3.50 m levels as operating levels. The technological main 

equipment is placed at the 3.50 m level, dryers and centrifuges at the 0.00 m level. The 

• , ndensers. feeder tanks etc. are installed at the 7 .50 m level. 

There should be a service corridor at the 3.50 m level, which ;s connected to the staircase. 

Emergency exits lead to an outside corridor, which serves as a runaway corridor. The 

pipes of the utilities should be installed at the tank storage side of the building. Pipelines 

arc installed at floor level in a covered floor canal. All electrical installations have to be 

explosion proof. Cables branch off to switch casings attai::hed directly to the hall. 

Fixed pipe connections arc installed between related equipment (stirred reactor, condenser, 

feeder tank, receiver). Also flexible connections for flow of material moving between units 

of equipment (stined reactor-centrifuge etc.) are foreseen. 

A very useful modular unit of this type of production building designed by a Hungarian 

company has been irr.plementcd in a UNIDO multi purpose plant project. 

RAW MATERIAL SUPPLY 

Measured and packed solid raw materials arrive at the production unit from the central 

store and are lifted to the manipulationg level by good lifts, placed at the outside or in the 

staircase of the building. From there they arc transpor&Cd to the processing sites on the 

service corridor by forklift trucks. 

Liquid materials are directly pumped into the reactors or feeder tanks from the local liquid 

storage placed at the outside of the building. Liquids arriving in balloons or barrels arc 

transferred to the processing site by a pneumatic drum pump. Liquids and solids from the 

ccntrif uges, which are placed a: the zero level, can also be transported to the manipulating 

level in containers by pneumatic good lifts 
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Steam. gas and liquid utilities a.'Tive on tubular bridges from the Energy Center. High 

temperature heating oil is produced using electrical heating equipment in a spearated room 

of the production hall and is circulated to the reactor by use of pumps. Cooling oil is 

prepared in the same place as heating oil. 

DESIGN AND CONSTRUCTION MATERIA~ 

Only when the decision has been met on the technological design of the production 

buildings. architectural design can take place. Although it is possible to cany out civil 

engineering work of an industrial phannaccutical complex without architectural design. it 

is advisable to provide a uniform architectural design concept for the whole plant. 

If available. local civil engineers should carry out construction work. It is also 

recommended to use local materials as far as possible. The following shon description 

may give an impression about standard construction materi.als used for indu~trial chemical 

production units built in a modular system: The frame of the units is made up by 

prefabricated reinforced concrete pillars with prefabricated main beam and ceiling. The 

dimensions of the pillars are suited to cany the weight of the manipulating and helper 

level. The foundations have to accomodate the frame. Local conditions of soil must be 

taken into consideration. The floor covering is placed on reinforced concrete. Usually 

metal doors and windows are installed. Insulation and painting depend on local conditions. 

A steel construction with two operating levels at 3.50 m and 7 .50 m to which the 

equipment is attached is mounted in the building . 

14.2. STORES 

Due to increasing legal regulations concerning handling and storage of chemicals. the 

number of storehouse nowadays required in a chemical company has increased very much 

compared to the situation a few years ago. It is not enough to have a storage for solid 

materials. one for liquid materials and one for gases. For security reasons also acids have 

to be stored separated from bases. inflammable material separated from flammable 

material etc. The present study has made the attempt to come up to the requirements of the 

latest regulations, it is however pointed out that - as with many other aspects concerning 

environmental questions - it is advisable to observe permanently the development of the 

local Iranian situation concerning legislation on chemicals. 
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As a rule companies !end to keci> their inventory of stored material as low as possible to 

avoid unnccccssary capital binding. The prerequisite for low storage quantities is a perfect 

production planning. which allows precise forecasts on required quantities. =tnd above all 

reliable suppliers delivering within shon time. Considering the long distance between Iran 

and most of the international chemicals suppliers. it must be doubted. whether a storage 

management based on shon time delivery could work properly. Therefore the wish of the 

Iranian expens to foresee a one year storage capacity is an expensive solution concerning 

initial invesnncnt and operating costs. but ccnainly understandable from the point of view 

of reliability of supply. 

The request for one year storage capacity results in a considcrab!e high amount of 

chemicals to be stored. Table 19 summarius the quantities of solid. liquid and gaseous 

materials. which arc required in each unit per year. In the following chapter a description 

is given for the one year storage facilities. This one year storage system allows to foresee 

only small storage units nearby the production facilities, which arc indicated in Volume 3 

of the present repon. 

Table 19: Quantities of starting materials required in each unit in [kg/year] 

Unit Starting materials 
(kg/year) 

liaaid solid 

Unit I.I. 2.027.SSO 475.350 0 
Unit 1.2. 1.341.000 546.000 0 
Unit 1.3. 1.885.207 386.623 1.727 
Unit 2.1. 872.176 245.625 62.496 
Unit 2.2. 8.694.803 912.250 0 
Unit 2.3. 2.624.729 251.498 16.007 
Unit 3.1. 4.895.100 1.394.400 29.900 
Unit 3.2. 106.631 281.004 0 
Unit 3.3. 761.000 142.900 0 
Unit 3.4. 7.099.006 693.879 0 
Unit 3.5. 0 1.000.000 0 
Unit 3.6. 57.272 600 0 
Unit 3.7. 2.731.912 521.122 67.005 
Unit 4.1. 1.254.400 2.209.300 563.200 
Unit 4.2. l.686.570 245.087 0 
Unit 4.3. 1.420.220 135.012 360 
Unit 4.4. 366.105 25.712 1.317.769 

I sum 37,823,§80 2,05!z464 I 
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14.2.1. STORAGE OF SOLID MATERIALS 
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Solid material is to be stored on pallets. The average storage capacity of a pallet is 500 kg. 

the height of a pallet is I m. Considering the amount to be stored (9.500 tons) and an 

average volumetric weight of I ton1m3 a total of 9.500 m3 storage volume is required. 

which corresponds to 19.000 pallets. Two lines of pallets may be put on each other. 

Forklift trucks uc used for transpOrWion. 

It has to be considered that there has to be a separate uca for storage of incoming 

materials until inspection has taken place. 

Inflammable solids should be stored separated from non flammable solids in a closed. onc

;itoried building with reinforced concrcrc frame and brick walls. At the both ends of the 

building there uc rooms to handle the incoming and outgoing products. The building is 

surrounded by a ramp having the same height as the loading uca of trucks. 

Method of storage: in steel drums. paper and jurc sacks on pallets. 
Dimensions of the building: Length: 86 m 

Width: 20m 
Inside height: 4.2 m 

Non flammable solids arc stored in an irlentical manner in a separated building. 

14.2.l. STORAGE OF LIQUID MATERIALS 

Liquids will be stored in underground tanks and in horizontal or vertical cylindrical tanks. 

Due to request for one year storage capacity a tank farm will be installed for a considerable 

number of solvents to be stored in central tanks. These tanks will be arranged in groups of 

6 tanks. each tank containing 100 m3. 
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STORAGE OF nAMMABLE LIQUIDS 

underground tanks 

Acetone 6 x 100m3 1 group 

Dichloromcthanc 6x lOOm3 1 group 

Elhanol 6x lOOm3 1 group 

Eda 2x lOOm3 

Methanol 4x lOOm3 1 group 

Methanol 6 x lOOm3 1 group 

Toluene 6x lOOm3 1 group 

horizontal cylindrical tanks 

Dichloromethanc 2x63m3 stainless steel 

Dichlorocthanc 2x63m3 stainless srecl 

Dioxanc Ix 63 m3 stainicss steel 

Pyridine Ix63m3 stainless steel 

Edlylacctate I x63m3 stainless steel 

Isopropanol Ix 63 m3 stainless steel 

lsobutanol I x63m3 stainless steel 

STORAGE OF nAMMABLE ACIDS 

underground tanks 

stainless steel 

stainless steel 

stainless steel 

stainless steel 

stainless steel 

stainless steel 

Acetic acid 4 x IOOm3 stainless steel 

Acetic anhydride 2 x IOOm3 

Ethyl chloroacetate 2 x 1oom3 

Formic acid 6x IOOm3 

Castor oil 1 x toom3 

STORAGE OF NONFLAMM4BLE ACIDS 

standing cylindrical tanks 

Hydrobromic acid (48%) 
Hydrochloric acid (32%) 

horizontal cylindrical tanks 

NiU'ic acid 

Sulfuric acid 

Oleum 

lx63m3 
S x63 m3 

1 x 100 m3 
1x100 m3 
2 x 100m3 

stainless steel 

stainless steel 

stainless steel 

steel 

poly propylene 
poly propylene 

stainless steel 

steel 

steel 
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STORAGE OF B~. 

horizontal cylindrical tanks 

Anunonium hydroxide I x 63 m3 

Pottassium hydroxide (50'li) 2 x 100 m3 

Sodium hydroxide (40Cli) 2 x 100 m3 

Sodium hypochlorite (15'11) 2 x 100 m3 

Hydrogen peroxide (36'11) I x 63 m3 

stainless steel 

stainless steel 

stainless steel 

stainless steel 

aluminium 

All odlcr liquids should be stored in barrels (200 I each). 

14.2.3. STORAGE OF GASEOUS MATERIALS 

HYDROGEN CHLORIDE STORAGE 

Smnmary Page lit 

The gas cylinders should be stored in a shed like building. with light roof and asphalt 

covered floor. The gas cylinders are fixed in store cages in standing position. The cylinders 

must be protected from radiation. sunlight and mechanic damages. 

Dimensions of the building: Length: 24 m 
Width: 12 m 
Inside height: 3 m 

AMMONIA STORAGE 

Ammonia is stored in the same manner as hydrogen chloride. 

Dimensions of the building: Length: 12 m 
Width: 12m 
Inside height: 3 m 

ETHYLENE OXIDE STORAGE 

Ethylen oxide is stored in a shed like building. with wire grating walls and concrete floor. 

The consttuction is f umishcd with a fire proof, light roof. 

Method of storage: in specially shaped steel drums. 
Dimensions of the building: ungth: 24 m 

Width: 12 m 
Inside height: 3 m 
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14.2.4. SPECIAL ST.ORAGES 

STORAGE FOR METALLIC SODIUM AND SODIUM ALKOXIDE 
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Sodium and sodium alkoxide arc stored in a separated building without heating having a 

concrete floor elevated to 0.5 m. with fire proof walls and well insulated roof. The 

building is furnished with steel doors and wire framed windows. 

For transpon of the materials explosion proof forklift trucks arc used. 

Method of storage: in soldered metal drums. 
Dimensions of the building: Length: 24 m 

Width: 12m 
Inside height: 3 m 

STORAGE FOR CATALYSTS 

Catalysts arc also stored in a separated building with concrete floor elevated to 0.5 m, with 

fire proof walls and well insulated roof. 

Method of storage: on steel construction frames 
Dimensions of the building: Length: 12 m 

Width:6m 
Inside height: 3 m 

STORAGE OF POISONOUS MATERIALS 

Poisonous material should be stored in a separated building with concrete floor elevated to 

0.5 m, with well insulated roof but withou: catch water drum. 

Method of storage: 
a. Solid poisons on steel construction frames in soldered metal drums. 
b. Liquid poisons in well closed barrels with single line placing. 

The rooms a. and b. arc separated by reinforced concrete wall. The stores require special 
protection and control. 
Dimensions of the building: Length: 24 m 

Width: 12m 
Inside height: 3 m 



UNIDO Coatract 9112M. Projed:SF/JRAJ9t1911 
Prof. Dr. C. R. Noe 

14.2.5. END PRODUCT STORAGE 

Smnmary Page 111 

It must be taken into account that the end products arc phannaccutical chemicals which 

require careful storage and should be handled to follow the requirements of GMP. as 

outlined in the chapter on quality control. 

It is proposed to set up a closed, four storied building with reinforced concrete frame and 

brick wall as end product storage. Goods lifts should be installed at both ends of the 

building. There should also be rooms at both ends of the building for incoming and 

outgoing products. The building is surrounded by a ramp having the same height as the 

loading area of trucks. For material uanspon in the building forklift trucks arc used. 

Method of storage: on pallets in suitable package 
Dimensions of the building: Length: 86 m 

Width: 20m 
Inside height of the levels: 3.0 m 

14.3. CLIMA TIZATION 

Iran is a countty exhibiting extreme temperatures: heat in summer and chill in winter. It is 

a question of considerable investment and operating cost to decide in which areas 

climatization or heating should be foreseen. The present study therefore confines its 

evaluation to those ar-..as of the plant. where climatization is obligatory for proper 

pcrf ormance of the plant 

The following rooms should be climatii.ed to 200 - 25° C and a humidity of about 40 -

60% rH: 

Warehouses for storage of the final products 
Warehouses for storage of perishable products 
Rooms, where the final product is handled 
Laboratories 
Offices 
Messes 

The following rooms should be cooled to 100 - 15°C without regulating humidity: 

Storage rooms for highly inflammable solvents and/or chemicals 
(explosion proof!) 
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Refrigerating rooms should be foreseen for (2° - 6° C): 

Storage of perishable compounds (milk!) 
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In production units where excessive heat may be produced cooling devices. e.g.fans. 

should be installed to guarantee an acccparable room temperature. 

14.4. CLEAN CLASS REQUIREMENTS 

Cleanliness nowadays is a basic requirement in chemical production. Usually companies 

are following their own instructions based on regulations of national and local authorities. 

Far beyond such regulations. the pharmaceutical industry is perfectly regulated concerning 

clean working. Most regulations however refer to formulation operations. With the 

manufacture of pharmaceutical chemicals regulations are growing and GMP rules are 

being established. Until now however strict rules are given only for the handling of end 

products. Therefore only for those rooms. where the final product is handled - the last step 

of production and final product storage -, controlled conditions are necessary (refer to: 

Annex "Quality Control and GMP File": "The Scope of a Microbiological Laboratory in 

BPC Production"). 

14.5. STERll..ITY REQUIREMENTS 

An analysis of the foreseen production programme revealed that there are no binding 

sterility requirements in production: In cases of compounds which are to be used for large 

volume parenterals control of batches to secure that these have a low g~rm count and are 

free of bacterial endotoxins will be sufficient to meet the requirements. Only those batches 

which comply with the sterility requin.ments shall be labeled to have injectable quality, all 

other substances shall be labeled to have oral quality. 

15. TIME REQUIREMENTS FOR COMPLETION OF UNITS AND COMPLEX 

It is not advisable at the present srage to set up the time plan for the implemenration of the 

project before having decide<! on the modalities of contracting and global timing of project 

implementation. With such complex project it is advisable to implement not all sectors at 

once, but to choose an approach by which priorities are set and implementation is executed 

following these priorities. Such a step - wise approach would make organization of project 

much Jess complex and would allow to get the most promising units quickly into 
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operation. As far as project implementation in technical tenns is concerned the following 

steps take place: 

1. Signing of the conttact 

2. Basic engineering 

After approval of basic engineering: 

3. Detailed engineering 

4. Purchase of equipment parallel 

After approval of detailed engineering: 

5. Erection of the buildings and installation of the equipment 

6.Tcstrunsofopcration 

7. Implementation of technology ttansfcr in several steps 

complete ttansfcr of all 50 products 

time schedule 

2 years 

2 years 

2 years 

2 years 

6month 

6month 

3 to 5 years 

According to this schedule plant operation would start 7 years after signing the contract. 

16. PERSONNEL 

For the operation of such a big plant it will be necessary to build up a staff. which is well 

structured with different educational levels. 

Fig. 7 shows the structure in principle while in table 20 more detailed information is given. 

BOARD OF DIRECTORS 

The board consists of 10 dirccton, the heads of the main departments, divisions, and is 

responsible for the sttategies, corporate identity and organizational structure of the 

different divisions. 

GENERAL MANAGER 

He is the main representative of the company and responsible for the organizational goals. 
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Table 20: Personnel ~uiremcnts 
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Table 20 (continued): Personnel requirements 

Assistant 
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Table 20 (~ontinucd): Personnel requirements 
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Table 20 (continued): Personnel rcquiremer.ts 
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Table 20 (continued): Personnel requirements 

Pamer & Vanisher 

Mechanics 

Summary Page 119 

2 2 



UNIDO Coatnct 91/- Projed:SF/IRAJMIMl 
Prof. Dr. C. R. Noe 

Table 20 (continued): Personnel requirements 

,_ 
Summary Page llt 



UND>O C...... tl/2IO, Project:SF/IRA19119tl 
Prof. Dr. C. R. Noe 
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Table 20 (continued): Personnel requirements 

., .......... 

Smnmary Page Ul 



UNIDO Coatnct 9112t1. Project:SF/JRAIJMll 
Prof. Dr. C. R. Noc 

Table 20 (continued}: Pcrson:icl requirements 
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Table 20 (continued}: Personnel requirements 
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Table 20 (continued): Personnel requirements 
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Table 20 (continued): Personnel requirements 
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These departments should be staff units attached to the gcncral manager and members of 

the board of directors. 

LEGAL ADVISOR 

He ir in organizational relationship to the general manager. member of the board. 
responsible for patents. licenses and contracts. He has to act in close cooperation with 

salesmen. marketing dcpanmcnt and rcscarch and developmcnL 

ADMINISTRATION AND FINANCE 

This department handles confident tasks as personnel, accounting and EDP (because of 

security ;aspects of data) 

SALES AND MARKETING 

Product and price policy linked with the strategic goals of the company arc worked out 

here. In the very beginning the activities arc concentrated on the domestic market. later 

foreign markets have to be made accessible. 

GENERAL SERVICES 

This dcpanmcnt will take care of social, medical. security and safety aspects. 

RF.sEARCH AND DEVELOPMENT 

The research and development department will work on the implementation of the research 

concept of the company. Funhcrmorc. as the main task during the stan-up period of the 

company. it will provide a suppon to the technical dcpanmcnt in all transfer of technology 

and scaling-up activities contributing wilh relevant know-how in particular. 

Future activities. above all funllCr development of new research wgets will have to be 

worked out in close cooperation with sales and legal department. 

With respect to the problems arising in production a trouble shooting team has to provide 

assistance to the technical director. 
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The technical division is covering all organizational procedures of the plant. with the 

responsibilities planning. purchasing. producing. storing and maintenance of the planL 

Quality control is reponing to the technical manager. The sector manager and the head of 

utilities arc coordinarcd by production planning. 

17. TECHNICAL ASSISTANCE AND TRAINING 

17.1. TECHNICAL ASSISTANCE 

T~chnical assistance is first of all required for the ttansfer of technologies. which should 

include training at the company site of the technology holder and presence of the 

technology supplier during the stan up phase. Funhermore technical assistance should be 

established as a company feature including following steps: 

I. Contracts with Iranian and in case given foreign research inrotutions for 

research and development in fields of interest of the company 

2. Permanent advisory assistance for strategic long term planning of the 

company 

3. Technical assistance in the training of the staff locally and abroad 

4. Assistance in plant management including aspects of marketing and sales 

It is strongly recommended to consider co-operations with foreign pharmaceutical 

companies. Such co-operations might not only take place as technical co-operations but 

could also include marketing and sales arrangements. It may be observed that in the 

international community of pharmaceutical companies there is a strong tendency towards 

joint activities. Within such co-operations technical assistance can be obtained easily. 

17.2. TRAINING 

From chapter 16. it can be seen that the company will require a diversified staff. Since 

SMDI is one of the first Iranian companies to step into the sector of pharmaceutical 

chemicals production there is no local Iranian market of personnel with required 

experience. Therefore extensive training programmes. many of them abroad. will be 

required. The training will cover all levels of staff and will have to deal with all relevant 

operations to be carried out by the staff. It is proposed to use UNIOO assistance to set up a 

, 
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detailed training prornmmc. Since it is impossible to foresee a training programme abroad 

for more than 1000 employees. it is recommended to set up uaining facilities within the 

plant and emblish a local training programme. 

18. FINANCIAL ANALYSIS 

Based on the results of the technical evaluation a financial analysis was carried om using 

COMFAR. The detailed results of this analysis arc given in the Annex. The following key 

data were obtained: 

The total initial investment will be 332.169.900 USS. 

The operating costs will be 55.802.700 USS. 

The resulting depreciation is 33.474.670 USS. 

This results in production costs including depreciation of 89 .277 .360 USS. 

The total sales revenues will be 59.063.400 USS. 

From these data it can be st"Cn that the project requires some adjustment to be 

economically feasible. Recommendations to improve the perspective of the project arc 

given in chapter 2. of the preseilt rcpon and in the Annex. 
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. 
EXPLANATORY NOTES 

GENERAL 

A blank means that information is not given or is not applicable. 
A slash between dates (e.g. 1991/1992) indicates a financial year. 
The use of a hyphen between dates (e.g. 1991-1992) indicates the full period involved 
(e.g. beginning of 1991 until end of 1992). 
A period(.) is used to ir.dicate decimals. 
A dash (-) is used to indicate amounts that are nil or negligible. 
A comma (.) is used to distinguish thousands and millions. 
Percentage rates. commissions. fees. etc. arc per annum. unless otherwise indicated. 
References to "tons" arc to metric tons. 
Totals may not add up precisely because of rounding off. 

In addition to common abbreviations, symbols and terms. the follo\1iing abbreviations have 
been used in this study: 

TOT 
NCE 
OTC 
BPC 

QC 
QA 
n.a. 
rec.INN 
USPXXII 
NF XVII 
GMP 
IPC 
SOP 
BP88 
DAB 
BAN 
USAN 
CA-Number 

USS 
USO 
ATS 
LIT 
DEM 
HFL 
SFR 
FFR 

Transfer of Technology 
New chemical entity 
Over the counter sold drugs 
Bulk Pharmaceutical Chemicals equally used with the terms 
Bulk Pharmaceutical Compounds. Bulk Pharmacr•:ticals or Bulk 
Drugs, used as raw materials to produce formulated finished forms 
Quality Control 
Quality Assurance 
Not applicable 
rcconunended International Non proprietary Name 
Pharmacopoeia of the United States 
The National Formulary (USA) 
Good Manufacturing Process 
In Process Control 
Standard Operating Procedure 
British Pharmacopoeia 
Dcutsches Arzneibuch 
British approved name 
United States approved name 
Chemical Abstract Number 

United States Dollar 
United States Dollar 
Austrian Schilling (I USS= 11.S ATS) 
Italian Lira 
German Mark 
Dutch Gulden 
Swiss Franken 
French Franc 
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GDP Britis~ Pound 

Organizations 

UNIDO 
EEC 
WHO 
FDA 

United Nations Industrial Development Organization 
European Economic Community 
World Health Organization 
Food & Drug Administration (USA) 
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SHIFT WORK AND WORKING DAYS PER YEAR 

\Vorkingdayspcrycar: 
\Vorking hours per clay: 

300 clays 
8 hours 

Three shifts per clay 
Shifts per year 

3 shifts/day 
900 shifts/year 

Effective working clays per year: 205 clays 

Results in 4.4 workers per shift working place 

Estimation of effective working days per year: 

Days per year 365 
Deduct Sundays 52 
Deduct Saturdays 52 
Training Leave 10 
Holidays 12 
Vacations 20 
Average sick-leave 14 

Abbreviations: 

GR Graduated 
UN Undergraduatcd 
HS High School 

sk skilled 
se semi-skilled 
un unskilled 

\Vorking-timc model for operating division 
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In most of the Units the day-turn will be used for the major activities - e.g. starting of a 
production process, getting materials form the warehouses, depositing. Time during night 
will be used for keeping reactions running and certain types of maintenance work. 
Therefore it is intended to have less workers in the night-shift and more in the day-turn. 

morning-shift 
evening-shift 
night-shift 

6arnto2pm 
2 pm to lOpm 
10 pm to 6 pm 

ca 500 workers 
ca 500 workers 
ca 250 workers 

I 
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SYMBOLS USED IN THE PROC~S FLOW· CHARTS 

Fig. 8: Symbols used in the process flow - chans 
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