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INTRODUCTION

Over the past three years, methodol ogies to conduct Cleaner Production audits were developed
in the context of the China Canada Co-operation Project in Cleaner Production. These
methodologies were developed primarily as a result of CP auditing and implementation work
done in the Anhui Pgper Mill (the demondration project). Upon completion of the
demondtration project, the workplan caled for project extension activities to other paper millsin
Anhui Province. In totd sx mills were selected, namdy Ma An Shart Shen Ying mill, Tian Du
mill, In Zhong mill, Cheo Lun mill, Lu An mill, and Gao Sen mill.

In July 2000, a three day workshop on CP auditing pertaining to pulp and paper industries was
held in Ma An Shan. Plant managers and technical staff from sdected pulp and paper millsin
Anhui province atended this workshop. Following the workshop, the participants were
expected to return to their respective mills and develop CP implementation plans before the end
of year 2000.

In December 2000, two specidists from Canadian Executing Agency went to Anhui province to
asess the progress of the CP auditing activities. During this mission, the representetives of the
selected mills presented their progress reports at a meeting that was held in Hefel on December
1%, 2000. Details concerning this mission are enclosed in the report titled Progress Assessment
of CP Auditing Activities.

Following this misson, SNC-Lavain Inc. organized two subsequent missons in January and
March 2001 in order to vaidate the Cleaner Production solutions that were claimed to have
been implemented at the sdlected mills.

The first mission took place from January 9" to January 19" 2001 and was conducted by Mr.
Richard Lemieux, Eng., M.Sc. and by Mrs. Monya Pelchat, M.Sc., both from SNC-Lavdin
Inc. During this misson the following mills were visted:

Anhui MaAn Shan — Shan Ying mill
Tian Du mill
Jn Zhong mill
As for the second mission, it was carried out from March 12" to March 21% by Mr. Richard

Campeau, Eng. and pulp and paper specidist and by Mrs. Monya Pelchat, M.Sc. from SNC-
Lavdin Inc. At that time, the three remaining millswere visted. These millsare:



Chao Lun mill

Lu Anmill

Gao Sen mill
The purpose in vidting these sx mills was to evauate the implementation of the methodology
presented at the Ma An Shan workshop last July. During the course of these two missions, it
was not possible to assess implementation of al CP solutions identified by each mill. Ingtead, a

representative sample of CP solutions was chosen for audit purposes.

The sx mills vidited, dl in Anhui Province, represent 47% of the actud production capacity of
the province (seetable 1).

Table1.1 Participating millsin Anhui Province

Production capacity (tonnes) Actual

Mill Production %
(tonnes)
Ma An Shan - Shan Ying Mill 140 000 96 728 19%
Tian Du Pulp and Paper Mill 35000 30600 ™0
Jin Zhong Paper Mill 75000 30000 6%
Chao Lun Pulp and Paper Mill 50000 48 247 10%
Lu An Paper Mill 55000 17000 3%
Gao Sen Paper Mill 20000 10200 2%
Total 375000 232775 4%
Approximate annual production, all millsin Anhui Province 500 000 100%

Schedules of the vidts and atendance lists are presented in Appendix A.



1 CP Solutions Assessment

The vigt of the 9x sdected mills dlowed SNC-Lavdin Inc. delegates to review the CP solutions
that have been implemented in the context of the China Canada Co-operation Project in
Cleaner Production. The following sections introduce each mill and present the findings
concerning the CP solutions dready implemented and those to be implemented. For the
purpose of this report, CP solutions appear in summary tables and are ranked from no cost
solutions to high cost solutions. Thus, the order in which CP solutions are presented in this
report does not correspond to the order presented in the individual reports produced by each of
the mills, dso the number of CP solutionsis subject to some variation due to the fact thet certain
CP solutions were regrouped for andys's purposes. In the course of the two missons, only CP
solutions having significant environmenta and economical benefits were audited.

The cdculations that are presented in this report are based on the numbers (operationa costs
and sdling prices) that were provided by each mill. These figures are presented in gppendix B.
Some of the mills had dready begun implementing CP prior to the training given last July.

Therefore, this report distinguishes between those CP solutions which the mills had implemented
prior to training, and those implemented after, so as to enable the reader to assess the impact of
the traning.

It is important to mention that these CP solutions were identified by the mills CP teams and
occasondly from the suggestions of their employees as recommended in the CP program. The
solutions were selected based on the CP program ranking system set out in the CP audit manua
and guiddines for implementing CP in the pulp and paper sector.

The Chinese verson of the reports that were produced by each mill are presented in Appendix
E.



2 MaAn Shan — Shan Ying Mill

2.1 Genea Information

Anhui Ma An Shan - Shan Ying mill is located in Ma An Shan, approximately 260 km to the
south east of Hefel, the capita of Anhui province. The mill is a sate owned enterprise which
was established in 1957. It presently has a workforce of 855 workers including 60 persons
having a technica background. Its annuad production capacity is of 140 000 tons. The mill
operates seven paper machines producing cardboard, coated paper board, high and medium
srength corrugated paper. The main raw materias used at the mill consst of commercia wood
pulp, and domestic waste paper. Fresh water entering the process comes from the Y angtze
river.

The mill is 1SO 9002 certified. The mill sdlsits products to customers based in Anhui, Jangsu,
Shandong, Zhgiang, Fujiang, Guangdong, and Jangxi provinces aswell asin Shangha.

2.2 Wastewater Treatment Facility

The mill is not equipped with a conventiona wastewater trestment plant. White water generated
by each paper machine is directed to a common flotation unit. A good portion of the clarified
water coming out of this unit is recycled to the process while the rest is discharged to the
Y angtze river. The mill is equipped with an environmental monitoring laboratory where pH, SS,
COD, and BOD are monitored three times a day.

Table 3.1 presents the results of the andyses performed on the treated effluent of the mill in
March 2001.

Table2.1 MaAn Shan — Shan Ying Environmental Results

pH SS(mg/L) COD (mg/L) BOD (mg/L)
Month || Standard=6-9 Standard® = 100 Standard® = 100 Standard® = 60
Average Average Average Average
March 8.0 70 150 55
2001

1. Source: Chinese regulation GWPB2-1999 (Paper making without pul ping)

These reaults indicate that, except for COD, the mill appears to have complied with the nationa
standards. However, atrend cannot be established since the results covering a longer period of
time were not provided.



2.3 Cleaner Production Solutions

Ma An Shan — Shan Ying paper mill has implemented sixteen CP solutions. Out of these Sixteen
solutions, four are no cogt solutions, six are low costs, four are medium costs, and two are high
cost. These CP solutions are presented in table 3.2. In this table the solutions assumed to have
been implemented after the Ma An Shan workshop are indicated.

Table2.2 CP Solutions Implemented at the Ma An Shan — Shan Ying Mill

CP Solution Number Implemented CP solution Category of
Solution

1 Budget revison — judification of consuming | No cost
quotas’

2 CP solutions — employees suggestions | No cost
program’

3 Raw materia sorting' No cost

4 Recuperation of used hydraulic oils resulting | No cost
from eguipment maintenance’

5 Starch addition to decrease the fibre content | Low cost
of the paper manufactured!

6 Purchasing laboratory equipment to measure | Low cost
BOD and COD*

7 Ingalation of a leve indicator on the white | Low cost
water tank to avoid an oveflow to the
wastewater trestment plant

8 Ingalation of an ultrasonic flowvmeter a the | Low cost
outfal

9 Sdlection of adequate wastewater treatment | Low cost
agents'

10 Utilization of recycled water indead of fresh | Low cost
water to clean strainers'

11 Ingdlation of steam meters on each paper | Medium cost
mechine

12 Felt washing using mobile water pipe* Medium cost

13 Replacement of existing screens by a pressure | Medium cost
screen

14 Addition of an extra screen on pulp reclaming | Medium cost
equipment

15 Water recycling after air flotation unit High cost
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16 Fibre recovery used to produce low grade | High cost
paper

1. CP solutions assumed to be implemented at the mill following the Ma An Shan workshop.

Among the sixteen solutions, CP solutions number 4, 5, 9, and 15 have been retained for
andysis by the audit team. Photosillustrating some of these solutions are presented in Appendix
C.

CP Solution #4

Used hydraulic oils resulting from equipment maintenance (approximetdly 40 L) are now
collected twice amonth in barrds instead of being digposed of in the sewer system of the mill as
it was donein the padt.

The benefit associated with this CP solution is mainly environmenta.
CP Solution #5

It is common in paper manufacturing to replace fibre by additives for quaity/cost purposes. Ma
An ShanShan Ying paper mill has added to its process some starch and polymer. The addition
of starch increases paper strength by 12 % and aso to partialy replace fibre. Polymer helpsin
retaining starch and smdl fibre during sheet formation. This solution represents a modern way to
operate a paper machine wet end.

The operating cost is of 50 Renminbi per ton of paper for starch and the saving is of 15 kg
wood pulp per ton of paper produced. At acost of 5 750 Renminbi per ton of purchased wood
pulp, this solution represents a saving of 86.2 Renminbi per ton of cardboard produced for a net
benefit of 36.2 Renminbi per ton of paper.

This represents a totd saving of 3 500 000 Renminbi per year or 36.2 Renminbi per ton of
paper * 96 728 tons of cardboard produced.

CP Solution #9

The mill has recently tested 20 different wastewater trestment agentsin its laboratory in order to
sdect the most efficient ones. After these trids, three of these products were directly tested at
the wastewater treatment facility of the mill. Out of these three products, only one was retained
as the product that will be used for norma operation. This dlowed the mill to reduce its
treatment cost from 1.15 to 0.8 Renminbi per ton of wastewater representing a saving of 1 150
000 Renminbi per year calculated asfollows:

(1.15-0.8) Renminbi saved per ton of wastewater * 34 tons of wastewater per ton of
cardboard * 96 728 tons of cardboard produced per year.
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CP Solution #15

A new type of filter a the outlet of the dissolved air flotation unit has been inddled at a cost of

200 000 Renminbi for a capacity of 200 n¥hour. The mill used to have a fresh water

consumption of 43 tons of water per ton of paper produced based on the capacity of the
pumps. Since the start-up of the white water recycling system, the actua fresh water usage is of
34 Tons of water per ton of paper produced. The financia saving associated with this solution is
of 174 110 Renminbi per year. The calculation is as follows

(43-34) tons of water saved per ton of cardboard produced * 0.2 Renminbi per ton of
fresh water * 96 728 tons of cardboard produced per year

2.4 Comments

Prior to the CP workshop held in Ma An Shan last July, the mill had aready initiated some
environmental projects. Nevertheless, the mill made good use of this workshop by first forming
a CP team, promoting CP awareness throughout the mill and by conducting a pre-audit
according to the method presented during the workshop.

Then the CP team together with the mill management established two main long term objectives:
Reducing COD by 60% in the wastewater effluent and reducing water consumption by 33%.

It gppears that one of the mgor benefits of the CP training, for this mill, was to provide
management with a more structured planning process in which to implement CP. In particular,
faced with a multitude of possible CP solutions, the methodology enabled management to more
efficiently prioritize actions and sdlect priority CP solutions for implementation. Management
a s redlised that the CP process is a continua improvement process.

The savings resulting from the audited CP solutions are presented in Appendix D.
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3 Tian Du Pulp and Paper Mill

3.1 Geneal Information

Tian Du pulp and paper mill is located in Fuyang city which is gpproximately 375 km to the
north west of Hefd, the capitd of Anhui province. The mill is a town-owned enterprise
established in 1988. It presently has a workforce of 645 workers. The mill operates four paper
machines producing medium to high srength corrugated paper. The main raw materials used at
the mill condst of domestic waste paper and straw pulp which is produced on Ste.
Groundwater is used in the process. Its annual production capacity is of 35 000 tons. The mill
sls its products to customers based in Jangsu, Zhegiang, and Anhui provinces as wel as in

Shanghai.

3.2 Wastewater treatment facility

Tian Du mill is equipped with a biological wastewater trestment plant having a design capacity
of 250 n? per hour. It consists of primary and secondary dlarifiers and an aeration basin. The
treated effluent is monitored for COD, SS, and pH on a daily basis a the mill’s environmental

laboratory. The Locd Environmental Protection Bureau (EPB) reviews their environmentd data
on amonthly basis. The treated effluent is discharged to atributary of the Huai Heriver.

Table 4.1 presents the results of the andlysis performed on the treated effluent of the mill.

Table3.1 Tian Du Mill Environmental Results

pH SS(mg/L) COD (mg/L)
Month Standard® = 6-9 Standard' = 100 Standard* = 400
Average Average Average
January
2001 7.0-7.2 89 378
February
2001 7.0-7.2 75 365
March
2001 7.0-7.2 83 352

1. Source: Chinese regulation GWPB2-1999 (Paper making with pul ping)

Over the past three months the mill appears to have complied with the nationd standards.

3.3 Cleane Production Solutions
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In hisintroduction, Mr. Hao, the Generd Manager of the plant mentioned that over the past five
years the mill has invested approximatey 21 000 000 yuan Renminbi in environmenta
protection equipment. For example, the biologica wastewater trestment plant was upgraded
and a black liquor evaporation system was buiilt.

So far, seventeen CP solutions were implemented at the mill. Out of these seventeen CP
solutions, seven are no cost solutions, seven are low cogt, two are medium cost, and oneis a
high cost solution. These CP solutions are presented in table 4.2. In tis table the solutions
assumed to have been implemented after the Ma An Shan workshop are identified.

Table3.2 CP Solutions Implemented at the Tian Du Mill

CP Solutions Implemented CP solution Category of
Number Solution

1 Raw materid purchasng and doring is now | No cost
organized to suit the need of the mill.*

2 Tasks to be performed by the personnd are now | No cost
clearly defined.*

3 Employees are evaluated based on a reward | No cost
system. *

4 The speed of the two modules of the straw feeder | No cost

were adjusted to the same speed. This modification
alows to recuperate the dust at the intersection of

the two modules. *

5 Steam injection during digestersfilling. * No cost

6 K appa number was changed from 45-55 to No cost
50-60. *

7 Pressure was changed from 7 amto 5 atm * No cost

8 Deeper groundwater intake Low cost

9 White water recyding via one pump® Low cost

10 Black liquor extraction using higher efficiency | Low cost
equipment

11 Change in cooking additives — NH,N&SO; instead | Low cost
of MgO

12 Ingtalation of amixer for chemica additives Low cost

13 Addition of a caender Low cost

14 Felt adjustments on the paper machine’ Low cost

15 Congruction of a clarifier in order to enhance white | Medium cost
water recycling.

16 Automated pulp consistency control* Medium cost

12



| 17 | Condgiruction of a black liquor evaporator line | High cost

1. CP solutions assumed to be implemented at the mill following the Ma An Shan workshop.

Among the seventeen solutions, CP solutions number 5, 6, 9, 15, and 16 were audited. Photos
illugtrating some of these solutions are presented in Appendix C.

CP solutions#5 & 6

The injection of steam in the digester during filling alowed the mill to increase the straw charge
per digester and aso to reduce cooking time. With a more stable quantity of straw present per
digester, the mill has been able to increase the Kappa number from 45-55 to 50-60 after
cooking without reducing the qudity of the pulp .

The yidd (tons of finished products / tons of rav materid entering the process), which was
around 50%, has been increased by 1% based on pulp or 2% based on straw. This means that
agpproximately 2% more pulp is produced out of the same quantity of straw cooked. These
percentage increases, while smal, are nonetheess sgnificant when raw materials are measured
over ayear'stime. It should be noted that these estimates are conservative estimates derived
by experienced pulp and paper auditors on the Canadian audit team.

These solutions dlowed the mill to save 832 320 Renminbi annudly. This saving is cdculated as
follows

1700 Renminbi per ton of pulp produced * 40% (percentage of straw cost in total
manufacturing cost) * 2% fibre saved * 30 600 tons of paper produced / 50% yield.

CP solution #9

A pump was recently ingtaled in order to recycle the white water back to the pulp dilution
process. In the past the white water was directed to a tank before being recycled. This tank
was frequently overflowing (30% of the actual flowrate which is 180 ni/hr). Therefore, the
ingdlation of this pump which can handle the totdity of the white water leads to a total water
saving of 503 982 Renminbi per year. The cdculation isasfollows.

(180 mi/hour * 22.5 operational hour per day * 340 operational days per year * 30%
white water not overflowing to the wastewater treatment plant * 1.2 Renminbi per ton of
liquid effluent treated) + (180 m/hour * 22.5 operational hour per day * 340 operational
days per year * 30% white water replacing fresh water * 0.02 Renminbi per ton fresh
water)

CP solutions# 15 & 16

These two medium cost CP solutions (the congruction of a clarifier to enhance white water
recycling and the implementation of control systems in order to increase pulp consstency) have

13



generated a benefit of more than 0,5 million Renminbi per year. It is obvious that these CP
solutions led to an important water saving. However, it is not possible to verify this saving snce
thereisno local flow meter.

In terms of further CP solutions, Tian Du CP team is planning to implement an additiona high
cogt solution, the indalation of a hydro-pulper, which will dlow the mill to use a higher quantity
of recycled cardboard as raw material.

3.4 Comments

Over the past five years, Tian Du mill has invested an important sum of money in environmental
equipment. Even with a CP program in place, this equipment would have been required.
However, the sze and the cogst of these equipments could have been minimized through
reduction at source as suggested in the CP method presented a the Ma An Shan workshaop.

The managers mentioned that the CP program dlows the mill to achieve environmentd and
financia goasin shorter periods of time than before.

With a closer look at the type of CP solutions put in place latdy, it seems that the idea of
reduction at source through innovative, smple and inexpengve solutions is moving forward. A
look &t the three first no cost solutions shows clearly that the management style is evolving. The
pulping plant remains old and a preventive maintenance program could be of greet help.

The savings resulting from the audited CP solutions are presented in Appendix D.
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4 Jin Zhong Paper Mill

41 Geneal Information

Jn Zhong paper mill is located in Hefel. The mill is a private enterprise which was established in
1978. It presently has a workforce of 820 workers, including 48 persons having a technical
background. Its annua production capacity is 75 000 tonnes. The mill operates eight paper
meachines producing low, medium, and high quaity cardboard. The main raw materid used a
the mill is waste cardboard. Depending upon the level of qudity targeted, some market
softwood pulp is aso used in the process. Fresh water entering the process comes from South
Wee river and wastewater is discharged to the Er Shi Pu river. The mill sdls its products to
customers based in Anhui province as well as in neighbouring provinces.

4.2 Wastewater Treatment Facility

Jn Zhong mill is equipped with a wastewater trestment plant having a design capacity of 200 to
250 nt per hour. It consists of a series of inclined screens followed by a settling tank and a
primary claifier. The treeted effluent is discharged to a channel going to the Er Shi Puriver. The
trested effluent is monitored for COD, SS, and pH by the loca Environmental Protection
Bureau (EPB) since the mill does not possess its own environmental monitoring laboratory.

Table 5.1 presents the results of the analyses performed on the treeted effluent of the mill in
March 2001.

Table4.1 Jin Zhong Environmental Results

pH SS (mg/L) COD (mg/L)
Month Standard® = 6-9 Standard® = 100 Standard® = 100
March
2001 7.0-7.2 50 105

1. Source: Chinese regulation GWPB2-1999 (Paper making without pulping)

In generd, the mill complies with the nationd standards except for COD which dightly exceeds
the compliance level. However, atrend cannot be established since the results covering alonger
period of time were not provided.

4.3 Cleaner Production Solutions

Jn Zhong paper mill has implemented twenty CP solutions. Out of these twenty solutions, three
are no cogt solutions, twelve are low cogt, four are medium cost, and one is high cost. These
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CP solutions are presented in table 5.2. In this table the solutions assumed to have been
implemented after the Ma An Shan workshop are identified.

Table4.2 CP Solutions Implemented at the Jin Zhong Mill
CP Solution Implemented CP solution Category of
Number Solution

1 Raw material (waste cardboard) sorting” No cost

2 Good housekeeping procedures' No cost

3 Process optimization™ No cost

4 Coal blocks are now crushed to smaler size. Jin Zhong set up | No/low cost
its own standard for coal. *

5 Installation of afilter at the water inlet to prevent clogging * Low cost

6 Installation of two cyclone dust removal * Low cost

7 Reduction of consumption quotas pertaining to coa, eectricity, | Low cost
and additives. *

8 White water recycling b the raw material feeder instead of | Low cost
using fresh water.

9 Employees training — environmental protection awareness| Low cost
sessions and sessions pertaining to operations. *

10 Trimming of the paper rall is carefully monitored" Low cost

11 Training sessions for the managers" Low cost

12 Equipment maintenance * Low cost

13 Ashes from boilers are now sold to brick manufacturers” Low cost

14 Use of antiwear on compressors allowed to decrease the| Low cost
production cost by 3 yuan per ton of paper produced. *

15 Water from the vacuum pump is reused for paper roll trimming® | Low cost

16 Addition of 10% talc to the pulp in workshop #7 & #8 * Medium cost

17 Fibre recovery from the wastewater Medium cost

18 Set up of a flotation unit dlows to treat 50 000 tons of | Medium cost
wastewater per year compared to 20 000 tons per year before
the congtruction of this unit

19 Insulation of the steam pipes (5% energy consumption | Medium cost
reduction) *

20 Boilers replacement 10% energy saving High cost

1. CP solutions assumed to be implemented at the mill following the Ma An Shan workshop.

Among the twenty solutions, CP solutions number 4, 13, 16, 17, and 19 were audited. Photos
illugtrating some of these solutions are presented in Appendix C.

CP solution #4

Cod blocks are now crushed to smdler sze; Jn Zhong set up its own standard for coa quality
hence increasing the efficiency of the boilers. The overdl effect has been a decrease of 8.2
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Renminbi per ton of paper produced. Since standard cod usage is roughly 1.3 ton of cod for
one ton of paper produced with a bailer efficiency increase of 3% leads to an annua saving of
245 700 Renminbi or 3% efficiency increase * 1.3 ton of coal per ton of paper produced *
30 000 tons of paper produced per year * 210 Renminbi per ton of coal.

The main environmenta benefit resulting from this solution is thet there will be less particulates
emitted to the atmosphere.

CP Solution #13

Ashes generated from the boiler are sold as filling agent in construction materias. One ton of
cod is required to produce one ton of paper; the type of coa used by Jn Zhong has an ash
content of 25%. Knowing that the annua production of the mill is of 30 000 tons and that the
edimated sdlling price of ash is of 66 Renminbi per ton, the yearly saving is caculated to be of
495 000 Renminbi (30 000 tons/year * 1 ton of coa / ton of paper * 25% * 66 Renminbi per
ton).

Putting ashesin bricks as afiller means that ashes generated by the boilers will not be landfilled.
CP Solution #16

It is common in paper manufacturing to replace fibre by additives for quaity/cost purposes. Jn
Zhong paper mill has added some talc dong with starch and polymer on paper machines #7 and
#8 . The addition of tac is to increase the opacity of the sheet while starch gives strength to the
sheet and polymer retains talc and starch in the sheet. This solution represents a modern way to
operate a paper machine wet end.

Using these additives, it dlowed the mill to reduce its production cost by 10 to 15 Renminbi per
ton of paper while increasing paper strength by 15 %.

CP Solution # 17

Fibre found in the wastewater is now recovered using inclined screens, a settling pond having a
volume of 1000 nT and a buffer tank having a volume of 400 nt. Before the implementation of
this solution, it seems that the mill was losing a tremendous amount of fibre in its white water.
Based on the information provided by the mill, this solution alows the mill to produce 5000 tons
of low grade paper from the recovered fibre. The mill has invested 600 000 yuan Renminbi for
the condruction of the inclined screens, settling pond, and buffer tank. The financid benefit
associated to this solution is estimated to be of 10 million Renminbi per year.

By recycling these fibres to produce low grade cardboard, the organic content of the trested
effluent that is discharged to the Er Shi Pu river will be greetly reduced.
CP Solution # 19
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Insulation of steam pipes has saved around 5% in energy. It is considered to be a medium cost
solution but, in fact, it depends upon the number and size of pipes involved. At the Jn Zhong
mill the steam pipes located outside were insulated using asphat products whereas the pipes
located ingde the facility were insulated with asbestos. It should be mentioned that asbestos is
not considered to pose a risk to human hedlth as long as the materiad remains in good condition.
It isasmple solution having a very good return on investment and it is dso a management issue:
The next time a steam pipe will be repaired it will sysematicdly be insulated. This demondrates
that CP has become away of thinking for mill management.

This saving comes from the fact that the mill saved 5% in coa consumption based on 1.3 ton of
coa per ton of paper produced. This solution brought a financid saving of 409 500 Renminbi
per year or 1.3 ton of coal per ton of paper produced * 5% coal saving * 30 000 tons of
paper produced per year * 210 Renminbi per ton of coal.

The mill is planning to pursue the implementation of CP solutions. Table 5.3 presents further CP
olutions that the mill is planning to implement in the future,

Table4.3 Future CP Solutions

CP Solution Category of
Solution

Pressure screen auto-control Low cost
Automatic injection of additives in settling tank Low cost
Establishment of atechnical department related to the mill’s operations | Low cost
Enforcement of preventive maintenance program Low cost

Sand removal autocontrol Low cost
Crown adjustment on paper machine #8 press Low cost
Utilization of antiwear oil for driers Low cost

On site equipment repair by state owned enterprise experts Medium cost
Purchasing of steam flow meters and water flow meter Medium cost
Monitoring of chemical additives used in the process Medium cost
Switch hydro-pul per operation from batch to continuous Medium cost
Replacement of inclined sand removal screens by arotating screen Medium cost
Instalation of an additional buffer, settling and flotation unit High cost
Modification of the motor of the hydro-pulper in order to increase pulp | High cost
consistency from 3-4% to 8-10%

Change cylinder size on paper machine #5 to improve dewatering High cost
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4.4 Comments

The Jn Zhong mill has established a CP program which is well balanced between management
issues and manufacturing issues. The CP solutions that were implemented so far are numerous
and diverdfied. This indicates that the various departments of the mill have been sgnificantly
involved.

The mill established ambitious environmentd targets. Before the end of year 2001, the mill is
planning to proceed with the implementation of some low to high cost solutions (as presented in
table 5.3). The implementation of these future CP solutions are expected to lead to a further 3%
reduction in raw materiad consumption aswell as a 10% reduction of energy consumption.

The savings resulting from the audited CP solutions are presented in Appendix D.
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5 Chao Lun Pulp and Paper Mill

5.1 General Information

Chao Lun pulp and paper mill islocated in Guo Yang city gpproximately 400 km to the north
west of Hefei. The mill is a State owned enterprise which was established in 1990. It presently
has a workforce of 750 workers, including 96 persons having a technical background. Its
annua production capacity is of 50 000 tons. The mill operates a pulping line whose raw
materid is straw and nine paper machines. Recycled cardboard is dso used as a raw materid.
In year 2000, 21 000 tons of straw pulp were produced and 12 000 tons of recycled
cardboard were bought. Fresh water entering the process comes from both surface (Guo He
river) and groundwater sources. The finished product conssts of high strength corrugated
paper. The mill sdlsits products to customers based in Zhgiang, Jangsu, Guangzhou provinces
aswdl asin Shangha and Shenzhen.

5.2 Wastewater Treatment Facility

Chao Lun mill is equipped with abiologica wastewater trestment plant having a design capecity
of 420 nT per hour. It comprises primary and secondary clarifiers as well as an aeration basin.
The treated effluent is monitored for COD, SS, and pH on a daly basis a the mill's
environmental laboratory and the locd Environmenta Protection Bureau (EPB) reviews their
environmental data every three months. The treated effluent is discharged to the Guo He river
which isatributary of the Hua Heriver.

The following table shows the recent environmenta results obtained from the tests performed on
the trested effluent of the mill before being discharged to the receiving water body.

Table5.1 Chao Lun Mill Environmental Results

pH SS(mg/L) COD (mg/L)
Month Standard"' = 6-9 Standard® = 100 Standard® = 400
Average Daysout of Average Days out of Average Days out
compliance compliance of
compliance

July 2000 8.0 0 0 1 430 28
August 2000 8.0 0 0 0 425 30
September 2000 8.1 0 80 0 410 27
October 2000 8.1 0 85 1 425 27
November 2000 8.0 0 80 0 410 26
December 2000 8.0 0 75 0 400 20
January 2001 7.9 0 80 0 390 7
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February 2001

7.9 0 80 0

385

5

1. Source: Chinese regulation GWPB2-1999 (Paper making with pulping)
Based on the given reaults, the CP solutions put in place (see section 6.5) had a very positive

effect on the COD content of the treated effluent discharge. In the pagt, the mill was out of
compliance mog of the time whereas presently the mill complies with COD regulation nearly

80% of thetime.

5.3 Cleane Production Solutions

So far, twenty-six CP solutions were implemented at the mill. Out of these twenty-six CP
solutions, thirteen are no cost solutions, ten are low cost, one is a medium cogt, and two are
high cogt solutions. It should be mentioned that among these twenty-Sx solutions eeven were
implemented following the workshop that was held in Ma An Shan last July. These CP solutions
are presented in table 6.2.

Table5.2 CP Solutions Implemented at the Chao Lun Mill

CP Solution Implemented CP solution Category of
Number Solution
1 Raw material de-dusting No cost
2 Cooking process optimization No cost
3 Pressure reduction for digester blow out No cost
4 Dust removal eguipment upgrade No cost
5 Capacity increase of the black liquor extractor No cost
6 | mprove monitoring management No cost
7 Internal technical training* No cost
8 Internal operating procedures enforcement’ No cost
9 Personnel involvement for CP solution suggestions No cost
10 Cooking time reduction and Kappa number adjustment No cost
11 Installation of steam save all on some paper machines No cost
12 Establishment of an equipment maintenance schedule * No cost
13 Use of recycled water to clean the floors No cost
14 Introduction of anthraguinone in cooking process Low cost
15 Installation of automated control for paper moisture content * Low cost
16 Addition of one extra cylinder on one paper machine* Low cost
17 Increase white water recycling rate by the addition of a new Low cost
pump
18 Fibre recovery at the inlet of the primary clarifier using rotating Low cost
four screens'
19 Fibre recovery from the primary clarifier® Low cost
20 Cardboard pulping and straw pulp using white water Low cost
21 Recovery of condensate from the paper machine* Low cost
22 Installation of a dust collecting system on the straw conveyor Low cost
23 Installation of a new vacuum pulp washing line* Low cost
24 Recovery of waste steam from the cooking process® Medium cost
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25 Construction of a white water flotation basin High cost

26 Improvement of the black liquor extractors under the blow tanks High cost

1. CPsolutionsthat wereimplemented at the mill following the Ma An Shan workshop.

Among the twenty-six solutions, CP solutions number 10, 14, 16, 17, 18, 19, 20, 21, 23, and
25 were audited. Photos illustrating some of these solutions are presented in Appendix C.

CP solutions#10 & #14

An anthraguinone system has been put in place a a cost of 20 000 Renminbi. Anthraquinone is
acooking ad, which in this case has dlowed the mill to reduce the cooking time from six hours
to five hours (16% reduction) and the Kappa number has been increased accordingly (from 24
up to 31).

Last year straw pulp production was of 21 000 tons. The implementation of this CP solution
gave the mill an extra cooking hour for every sx hours. Therefore usng this extra hour, the mill
isnow able to produce an additional 3500 tons. This can be demonstrated as follows:

Additional production : (21 000 tons* 1 hr / 6 hrs) = 3500 tons

The retailed price of paper is of 2200 Renminbi per ton with atotal menufacturing cost of 1700
Renminbi for a net benefit of 500 Renminbi. Thus, the overdl benefit resulting from this solution
isof 1.75 million Renminbi or (3500 tons of paper per year * 500 Renminbi per ton).

From an environmenta point of view this CP solution allowed to save energy (steam produced
by the cod boilers) since the cooking time is reduced. However, the savings cannot be
estimated since there is no sleam meter at the Ste.

CP solution #16

On one of their paper machines one extra cylinder was added to the two existing ones, for
quality control reasons. Prior to this addition, for a bass weight of 120 g/n¥, pulp was spread
over the two existing cylinders at a rate of 60 g/n* per cylinder. With the new cylinder added,
each cylinder receives 40 g/n?. This will enhance the paper qudity. Last year 70 tons of
corrugated cardboard did not meet the customer’s specifications. At a sdling price of 2200
Renminbi per ton the saving is 154 000 Renminbi per year.

From an environmenta point of view it represents an energy saving (steam) since this amount of
pulp does not need to be reprocessed.

CP solution #18



Before entering the primary treatment, the wastewater goes into four rotating screens which

recover fibre. Fibre is recovered at arate of one ton per day or 330 tons per year. This amount
is estimated based on the weight of the cart in which fibre are accumulated. This recovered fibre
is used to replace cardboard. The purchasing cost of waste cardboard is of 1375 Renminbi per
ton for a benefit of 453 750 Renminbi per year. It should be mentioned that the purchasing cost
of waste cardboard is high snce most of it isimported from North America.

Prior to the implementation of this solution the wastewater containing fibre was directly directed
to the wastewater trestment plant implying that most of it was lost as dudge generated from the

primary claifier.
CP solution #19

The underflow of the primary clarifier contains a great amount of fibre which is recovered to be
used on number five paper machine. This paper machine aso uses waste recycled paper
cardboard. The quantity produced by this machine is measured and the amount of waste
cardboard is so measured. By difference, it is calculated that 1440 tons of fibre per year are
recovered. The investment cost related to this solution is of 500 000 Renminbi and the saving is
estimated at 1980 000 Renminbi (1440 tons per year * 1375 Renminbi per ton of waste
cardboard).

This implies that the amount of dudge, mainly fibre, produced by the primary darifier is now
completely recycled instead of being landfilled.

CP solutions#17 & #20

White water recycling occurs & many places in the mill. Using white water means that less fresh
water isused and dso that there is less wastewater to be treated. As an example, if the mill uses
1000 tons of waste cardboard per month (white water being presently used as dilution water)
diluting the pulp a 3.5% means a white water usage of 25 571 tons per month or 330 852 tons
per year. Hence, the same quantity of fresh water is saved at a cost of 66 170 Renminbi (0.2
Renminbi per ton of fresh water * 330 852 tons of fresh water).

It implies that 330 852 tons of wastewater per year does not have to be treated a a cost of
0.24 Renminbi per ton for asaving is of 79 404 Renminbi per year. Therefore, thetotdl saving is
145 574 Renminbi per yesar.

CP solution #21

The condensate produced by the paper machines is now recycled to the cod boilers. The cost
of the piping involved is of 70 000 Renminbi. The plant used to operate nine boilers, each one
operating a one ton of steam per hour. With this solution the mill now uses eight boilers. With a
typical cod usage of 80 tons per day when operating nine boilers, only 71 tons of cod are now
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used per day with 8 boilers representing a saving of 490 050 Renminbi per year. This saving
can be calculated asfollow:

9 tons of coal per day * 330 days per year * 165 Renminbi per ton of coal
The environmental bendfit resulting from this solution is thet there will be less particul ates emitted
at the atmosphere.

CP solution #23

A new vacuum straw pulp washing line replaces the exiging pulp washer. The investment cost
related to this equipment is of 200 000 Renminbi. The pulp washing process is used to increase
pulp consstency. The old washer was thickening the pulp from 0.5% to 6% whereas the new
vacuum washing line thickens the pulp from 2% to 10%. The water which is removed from this
process is sent to the wastewater treatment system. Compared to the old washer which was
producing 184 tons of water per ton of washed pulp to be treated the new vacuum washing line
produces only 40 tons for a difference of 144 tons.

If the mill produces 21 000 tons of straw pulp per year and if for each ton produced 144 tons
of water is not directed to the wastewater treatment plant it represents a saving of 3024 000
tons of wastewater to be treated per year. In order to treat 1 ton of wastewater it costs 0.24
Renminbi. The total saving generated by this solution is of 725 760 Renminbi per year.

CP solution #25

A white water flotation basin having a capacity of 3 600 000 tons per year was congtructed at a
cost of 2 150 000 Renminbi. The totd fibre recovered from this basin dlows to increase the
annua production of paper by 1080 tons implying afinancid saving of 2 376 000 Renminbi per
year.

White water entering the flotation basin has a COD content of 1200 mg/L wheress treated
white water has a content of 400 mg/L for a net saving of 800 mg/L and 2880 tons of COD per
year.

Table 6.3 presents further CP solutions that the mill is planning to implement in a near future,

Tableb.3 Future CP Solutions

CP Solution Category of Solution
Regularization of the pulp injection by sabilizing the pulp levd in Low cost
the storage tank
Ingtalation of a straw compactor to increase the amount of straw Low cost
in each digester
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Ingtdlation of anew high speed line Medium cost

Congruction of black liquor evaporation lines High cost

54 Comments

The mill implemented severd environmentd solutions prior to the Ma An Shan workshop
without formdly caling them CP solutions. However, the workshop alowed the mill to redesign
thelr existing environmenta program based on CP principles. The mill is presently evauating
each CP solution in terms of financid and environmentd benefits.

The savings resulting from the audited CP solutions are presented in Appendix D.
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6 LuAn Paper Mill

6.1 Genera Information

Lu An paper mill is located in the city of Lu An which is gpproximately 70 km to the west of
Hefe. The mill is a state owned enterprise which was established in 1958, It presently has a
workforce of 2218 workers including 200 persons having a technical background. The mill

possesses 10 paper machines but a the moment the mill operates only three or four of them.
These paper machines are operated using purchased straw pulp and wood pulp as raw
materids. Fresh water used in the process comes from P He river. In the past, the mill used to
operate three straw pulping lines but in December 1997 the mill had to stop producing pulp due
to the enforcement of more stringent environmentd regulations. Its annua production capacity is
of 55 000 tons but in year 2000, it produced only 17 000 tons. The finished product consists of
printing paper, cups stock, and cardboard. The mill sels its products to customers based al

over Chinaand it also exports to Cuba, Japan, and Middle east.

6.2 Wastewater Treatment Facility

The mill is not equipped with a conventiond wastewater treatment plant. White water generated
by each paper machine is directed to a common settling system having a total capacity of 250
m? per hour. The underflow in the settling tanks is mainly composed of suspended fibres which
are directed toward a screening system. The overflow is discharged to the Hua He river. The
treated effluent is monitored for COD, SS, and pH by the loca Environmenta Protection
Bureau (EPB) since the mill does not possess its own environmental monitoring laboratory.

Table 7.1 presents the results of the analyses performed on the treated effluent of the mill in
March 2001.

Table6.1 Lu An Mill Environmental Results

pH SS (mg/L) COD (mg/L)
Month Standard* = 6-9 Standard* = 100 Standard* = 100
March 2001 7.8 60 44

1. Source: Chinese regulation GWPB2-1999 (Paper making without pul ping)

The reaults indicate that the mill is well below the nationd standards for the month of March.
However, a trend cannot be established since the results covering alonger period of time were
not provided.
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6.3 Cleaner Production Solutions

So far, sxteen CP solutions were implemented at the mill. Out of these sixteen CP solutions,
three are no cost solutions, twelve are low cogt, and one is a medium cogt solution. It should be
mentioned that most of these solutions were implemented following the workshop that was held
in MaAn Shan lagt duly.

These CP solutions are presented in table 7.2.

Table6.2 CP Solutions Implemented at the Lu An Mill

CP Solution Implemented CP solution Category of
Number Solution

1 Awareness traning sesson on CP given to the mill No cost

employees'

2 Establishment of operationa procedures' No cost

3 Establishment of a preventive maintenance program’ No cost
4 Improve raw material procurement and storage’ Low cost

5 Technical training sessions given to the employees' Low cost

6 Ingtdlation of a suitable motor on a cardboard machine Low cost

vacuum pump’

7 Ingdlation of athird headbox on the cardboard machine Low cost

for the addition of low grade pulp in the mid-ply
cardboard’

8 Adjusment of the rgect nozzle on the centrifugd Low cost

cleaners'

9 Replacement of the grate in the boiler* Low cost
10 Reduction of washing water Low cost
11 Fibre recovery from the flotation basins' Low cost
12 Condensate recovery from the paper machines' Low cost
13 Installation of an additional white water pump® Low cost
14 Ashes from boilers are sold to brick manufacturers Low cost
15 Ingtalation of awet scrubber on the cod boiler Low cost
16 Ingtdlation of anew cod feeder on the boiler Medium cost

1. CP solutions that were implemented at the mill following the Ma An Shan workshop.

Among the sixteen solutions, CP solutions number 6, 7, 8, 10, 11, 12, 13, and 14 were audited.
Photosillustrating some of these solutions are presented in Appendix C.

27




CP solution #6

By changing the 110 kW motor of one of the cardboard machine vacuum pumps for a 90 kW
motor, it alowed the mill to save 153 000 kWh representing a saving of 15 300 Renminbi per
year. It is caculated asfollow:

20kWh * 22.5 operational hour per day * 340 days per year * 0.1 Renminbi per kWh
CP solution #7

On the cardboard machine the mill used to produce two plies cardboard. The top ply consisted
of 1/3 of the thickness and the bottom ply of 2/3. Each ply being visible, high grade pulp was
required. By the addition of a third headbox the mill can now produce a three ply cardboard
with each ply conggting of 1/3 of the thickness. The mid-ply can now contain low grade pulp
without visudly affecting the cardboard qudity since high grade pulp is ill used on the outer
plies.

The price of low grade pulp is of 3400 Renminbi per ton compared to the price of high grade
pulp which is 3800 Renminbi per ton. The price to produce two plies cardboard was of 3800
Renminbi per ton of cardboard produced. The price for the new cardboard machine
configuration is of (2/3 * 3 800 + 1/3 * 3 400) or 3666 Renminbi per ton of cardboard
produced. The saving resulting from this new arrangement is therefore of 134 Renminbi per ton
of three ply cardboard produced. For an annual production of 13 600 tons of cardboard the
saving is 1 822 400 Renminbi per year.

CP solution #3

The adjusment of the nozzle on the centrifuga cleaner dlowed the mill to save 40 kg of pulp
per ton of cardboard produced which were otherwise transferred to make low qudity grade
cardboard. This pulp is put into bags and weighted. 40 kg of pulp per ton of cardboard
produced a a rate of 13 600 tons per year which implies that the mill saves 544 tons of
cardboard per year. The quantity of cardboard saved is caculated as follows:

(40 kg of pulp per ton of cardboard produced * 13 600 tons of cardboard produced per
year) / 1000 kg of pulp per ton

The sHling price of the high qudity cardboard is 6800 Renminbi per ton and that of the low
grade is 2000 Renminbi per ton. It means that producing 544 more tons of high qudity
cardboard gives a benefit of 2 611 200 Renminbi per year. The calculation is asfollows:

544 tons of high quality cardboard produced per year * (6800 Renminbi per ton of high
grade cardboard — 2000 Renminbi per ton of low quality cardboard)
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CP solution #10 & #13

The inddlation of a new white water pump alowed the mill to use white water in the cardboard
pulper instead of fresh water. The annua production being of 13 600 tons of cardboard per
year and the consistency being maintained at 4% in the pulper 326 400 nT of fresh water are
saved annuadly. The fresh water cogt being 0.15 Renminbi per ton the financia benefit is of 48
960 Renminbi per year. Through a better maintenance of the valves and by using recycled water
to clean the paper machine felts as well as the floors an additional amount of gpproximately 200
000 n? of fresh water is saved per year for a benefit of 30 000 Renminbi. These values are
based on the readings of the inlet flowmeter.

CP solution #11

Fibres are recovered from the underflow of the white water flotation basins. The underflow
containing the fibre is thickened using an inclined screen. The recovered fibres are bagged,
weighed and sold to an internd company at a price of 500 Renminbi per ton. The financid
benefit is of 340 000 Renminbi which is caculated as follows:

50 kg of recovered fibre per ton of cardboard * 13 600 tons of cardboard produced
annually * 500 Renminbi per ton

By recycling these fibres the organic content of the trested effluent discharged to the P He river
(atributary of the Huai Heriver) will be greetly reduced.

CP solution #12

Steamn from the paper machines is now recovered using a series of flash tanks. The investment
cogt for this system is of 38 000 Renminbi. The steam saving is estimated to be 1.5 ton of steam
per ton of cardboard produced as measured at the steam meters. Knowing that one ton of cod
bought a 270 Renminbi per ton produces 4.9 tons of steam it gives a saving of 1 124 000
Renminbi per yesar.

The main environmental benefit rdated to this solution is a reduction of the amount of ash
generated.

CP solution #14

Ashes generated from the boiler are sold as afiller in congtruction materid. Knowing thet 16
000 tons of cod are used on a yearly basis having a 25% ash content 4 000 tons of ash are
therefore generated. At a sdling price of 66 Renminbi per ton of ash the benefit is of 264 000
Renminbi per yesar.

Putting ashes in bricks as afiller implies that ashes will not be landfilled.
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Table 7.3 presents further CP solutions that the mill is planning to implement.
Table6.3 Future CP Solutions

CP Solution Category of Solution
Ingtdlation of automatic consstency control Medium cost
Switch from direct current to aterndtive current on one Medium cost
paper machine
Redesign the steam supply for al paper machines Medium cost
Implement a de-inking process High cost

6.4 Comments

Following the Ma An Shan workshop, two CP teams were set up at the mill. One focused on
management and the other one on production.

At the beginning of December, the CP program was only starting at the Lu An mill. The CP
program that was put in place by the management team reflects a good understanding of the CP
principles. Mot of the solutions identified are either no or low cost solutions. The results
generated by the implementation of the CP solutions, even if many of them are very smple and
easy to implement, are financidly and environmentally attractive.

The safety aspect is interesting to observe in this mill. Motors couplings are covered by well
adjusted covers, hoses are rolled up if not in use; even the surroundings of the coa boiler are
clean. In most cases when safety issues are taken care of, it indicates that a specid attention is
also paid to other management aspects such as environment.

The savings resulting from the audited CP solutions are presented in Appendix D.




7 Gao Sen Paper Mill

7.1 Genea Information

Gao Sen pulp and paper mill islocated dong the Y angtze river in Gao Sen city, Anhui province.
The mill is a state owned enterprise which was established in 1958. It presently has aworkforce
of 950 workers, including 180 persons having a technica background. Its annua production
capacity is of 20 000 tons. The mill presently operates three pagper machines producing
respectively white cigarette paper, yellow cigarette tipping paper and insulation paper. It should
be noted that the unit producing insulation paper is operated under a Japanese joint venture
(Anhui Mikitoku Pgper Company Limited). The raw materids used for cigarette and tipping
paper production consist of seventy percent purchased wood pulp and thirty percent purchased
sraw pulp while purchased unbleached wood pulp is used for the production of insulation
paper. The fresh water used by the mill is taken from the Gao He river. The totd yearly
production of the mill is of 10 200 tons (5100 tons/year for cigarette and tipping papers and
5100 tons for insulation paper). The mill sdlsits products to customers based al over Chinaand
exports to Japan, Hong Kong, and South-East Asa

7.2 Wastewater Treatment Facility

The mill is not equipped with a conventional wastewater trestment plant. White water generated
by both cigarette paper machines is combined. The combined white water is directed to a
screening system followed by aflotation sysem. The treated effluent from the flotation system is
then directed to a find screening system before being discharged to the Gao He river. A
quantity of three tons per month is recovered and is sold to externd companies manufacturing
cardboard.

The treated effluent is monitored for COD, SS, and pH every three months by loca the
Environmenta Protection Bureau (EPB) since the mill does not possess its own environmenta

monitoring laboratory. The environmenta results from the EPB are not available at the mill.

7.3 Cleaner Production Solutions

So far, nine CP solutions were implemented at the mill. Out of these nine CP solutions, four are
low cogt, two are medium cogt, and three are high cost solutions. It should be mentioned that
among these nine solutions four were implemented following the workshop that was held in Ma
An Shan lagt duly.

These CP solutions are presented in table 8.1.

31



Table7.1

CP Solutions Implemented at the Gao Sen Mill

CP Solution Number CP Solution Category of Solution
1 White water recyding* Low cost
2 Modification of sand remova Low cost

systent
3 Steam pipe insulation Low cost
4 Pulp consistency control Low cost
5 Steam pressure control Medium cost
6 Modification of the coa feeder Medium cost
system
7 Idled straw pulping’ High cost
8 Devdopment of high benfit High cost
products
9 White water recovery* High cost

1. CPsolutionsthat wereimplemented at the mill following the Ma An Shan workshop.

The Gao Sen mill has identified solutions which are mainly process oriented and not
management system based.  Consequently, they have identified fewer solutions than other
sdected mills. Solutions 1, 2, 3, 5, 6, 7, and 9 are anadysed in details in the following
paragraphs. Photos illustrating some of these solutions are presented in Appendix C’

CP Solutions#1 and #9

Forty percent of the white water generated from the paper machines forming sectionsis directly
recycled to pulp dilution. The white water portion (60%) that is not recycled to pulp dilution is
directed towards a series of inclined screens where the coarse fibres are removed. Then the
screened white water is pumped to two flotation units in order to recover the short fibre. The
totd amount of recovered pulp has been evaduated to be in the order of seven tons per month.

Knowing tha the cigarette and tipping paper production generates 100 meter cube of
wastewater per ton produced and since this 100 n/ton corresponds to the 60% white water
discharged it therefore implies that 66 n/ton ((100 / 0.6) — 100) of white water is recovered
through this CP solution. From an environmental stand point, it means that the same amount of
fresh water is saved.

This CP solution led to three main financial benefits:

1 Pulp saving: Seven tons of recovered pulp per months * 12 months per year *
5285" Renminbi per ton = 443 940 Renminbi per year.

1 70% straw pulp at 4200 Renminbi + 30% wood pulp at 5750 Renminbi.
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2. Fresh water saving: 66 nt/tons * 5100 tons per year * 0.02 Renminbi per cubic
meter of water = 6732 Renminbi per year.

3. Avoided wastewater trestment cost: 66 nT per ton * 5100 tons per year *0.5 yuan
per meter cube = 168 300 Renminbi per year.

Hence, the totd saving is of 618 972 Renminbi per year.

Consdering that the invesment cogt to implement this solution was of 5 000 000 Renminbi, it
can be said that the main benefit is more environmenta than financid.

CP Solutions#2

At the inlet of each paper machine (white cigarette and yelow tipping paper machines) new
more efficient sand remova systems were indaled. The investment cost for each unit was 40
000 Renminbi. These systems alowed to save gpproximately 2% (conservative estimation) of
the fibre that otherwise were sent to the wastewater treatment unit.

It represents afinancid saving of 539 070 Renminbi per year caculated as follow:

5100 tons of cigarette and tipping paper produced per year * 2% of fibre saved * 5285
Renminbi per ton of fibre.

By reducing the sand content of the paper produced, the quality of the finished paper has been
enhanced.

CP solutions #3, #5, and #6
Throughout the mill severa steam pipes were insulated at a cost of 40 000 Renminbi.

Steam pressure control valves were ingdled on white cigarette and yellow tipping paper
machines at a total cost of 90 000 Renminbi. It alowed the mill to better control the finished
product moisture content. Thus, it became possible to increase the moisture content by 0.5%
without affecting the finished paper qudity. Anincrease of 0.5% in moisture content means that
0.5% lessfibreis used.

The coad feeder on the boiler was replaced a a cost of 50 000 Renminbi increasing the
combustion efficiency.

For these CP solutions, the totd investment is of 180 000 Renminbi. Financia savings are as
follows



1 Coa consumption reduction: The cod consumption is measured by the amount of cod
purchased. Cod usage has been reduced from 1.3 down to 1.2 ton per ton of paper
produced and that for al paper machines. This solution generated a saving of 255 000
Renminbi per year or 0.1 ton of coal per ton of paper * 10 200 tons of paper
produced per year * 250 Renminbi per ton of coal.

2. Fibre content reduction in the finished products (cigarette and tipping paper):
Consarvatively speaking, it represents a saving of 134 767 Renminbi per year or 5 100
tons of paper produced per year * 0.5% of saved fibre * 5285 Renminbi per ton
of fibre.

Therefore the totd saving for these CP solutions is of 389 767 Renminbi per year.
CP Solutions #4

Pulp consgtency controllers have been ingdled throughout the mill essentialy to control the
bass weight of paper. The totd invesment cost is of 320 000 Renminbi. The basis weight
required by the customers is 28 to 30 +/- 0.5 g/n?. Before ingtaling the pulp condstency
controllers, the bass weight of finished products was occasionaly off specifications. For
example, one ton of paper which isusualy sold at 12 000 Renminbi could only be sold at 8 500
Renminbi. Assuming that 5% of the production (5 100 tons of paper per year) did not meet the
customers specifications this solution leads to an annud saving of 892 500 Renminbi or 5 100
tons* 5% * (12 000 — 8 500). This CP solution gives the customers a greater confidence in the
manufactured products.

CP Solutions #7

The mill used to operate one straw pulping line. This process was idled in October 2000 due to
environmenta non-compliance; especidly for COD. Since then, a new pulper was ingdled in
order to use 70% purchased wood pulp and 30% purchased straw pulp. The investment cost
for this pulper is of 2 000 000 Renminbi.

The production cost of the pulp that was manufactured on site was of 2800 Renminbi per ton
whereas the average cost of purchased pulp is of 5285 Renminbi per ton. Thus, there is no
financid saving related to this solution. However, from an environmenta point of view, this CP
solution dlowed the mill to continue its operation while lowering its environmenta impacts.

In terms of further CP solutions to be implemented, Gao Sen mill is planning to build a biologica
wastewater treatment plant which will dlow them to retart their pulping line while complying to
environmenta standards.



The mill is dso planning to produce high class white tipping paper instead of the medium dass
ydlow tipping paper that is presently produced. In this case, the main environmenta benefit will
be the dimination of the yellow colouring agent thet ends up in the discharged effluent.

74 Comments

The mill’s managers clearly mentioned that the CP concept was completely unknown before the
Ma An Shan workshop. In December 2000, the mill was ill daborating its CP program. One
management representative clearly said that the mill was struggling for survival but the presence
of this CP program helped developing a program that was not only directed to environmenta
protection but aso to cost reduction.

The CP program the mill came up with does not contain any no cost solution. However, it
seems that mogt items that usudly fell in this category were aready implemented.

The savings resulting from the audited CP solutions are presented in Appendix D.



8 Summary

With the implementation of CP solutions, the mills quickly redized the importance of the CP
concept as well as the advantages it brings. The vast mgority of the CP solutions identified
corresponded to the CP solution definition that was presented a the Ma An Shan workshop.
However, it should be noted that some CP solutions are not true CP solutions as such but the
purpose of this report was not so much to andyze the nature of the CP solutions but rather to
find out if the solutions that were implemented had a direct positive impact on environmenta and
financia (production/operationa costs) aspects.

The totd number of solutions does not necessarily reflect the degree of involvement of the mill
management in the CP program. The number of CP solutions identified by each mill is
essentidly Ste specific. For example, if a mill has dready implemented basic solutions such as
piping insulation, white water recycling, etc., it will obvioudy have fewer no or low cost
solutions than amill where these solutions have not been implemented.

The following table presents a summary of the CP solutions that were implemented a each mill.

Table8.1 Summary of the CP Solutions I mplemented at each Mill

Mill No cost L ow cost Medium cost High cost Total
MaAn Shan
Shan Ying 4 6 4 2 16
TianDu 7 7 2 1 17
Jn Zhong 3 12 4 1 20
Chao Lun 13 10 1 2 26
LuAn 3 12 1 0 16
Gao Sen 0 4 2 3 9
Total 30 51 14 9 104

As mentioned previoudy, only the most representative CP solutions were audited. Table 9.2
presents the savings resulting from these solutions.
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Table8.2

Summary of the Savings Generated by the CP Solutions

Mill Fibresaved  Coal saved Water saved Electricity saved Oil saved  Renminbi saved
(tlyr) (tlyr) (tlyr) (KW/yr) (L1yr) per year
MaAn Shan 1450 *H* 870552 960 4824110
Tian Du 1224 *kx 822 936 1836302
Jin Zhong 5000 3120 11525 200
Chao Lun 6420 2970 3354852 8075134
LuAn 4843 775 526 400 153 000 6255860
Gao Sen 211 1020 336 600 2440309
Total 19148 71875 5911 340 153 000 960 34 956 915

*** Probable savings achieved but not estimated

While this data is subject to a consderable margin of error, it should be remembered that only
28 of the 81 no/low cogt solutions, seven of the fourteen medium cost solutions and four of the
nine cost solutions were audited. Assuming that the solutions which were not audited adso
produced significant results, it indicates that the overal impact of this program is very significant
for the participating mills.

Results are dso very sgnificant from a province-wide perspective, as the participating mills
represent 47% of actud production in Anhui Province (see table 1 in chapter 1).
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9 Conclusion

In order to build on the success of the demondtration projects in Fuyang and Huainan, and help
ensure project sustainability, the Joint Project Steering Committee meeting of 2000 decided that
it would be important to implement the CP process a additiona plants in the pulp and paper
and fertilizer sectors. The guiding principle behind this implementation was that as it proceeded,
the roles of the Canadian experts would diminish and the roles of the loca Chinese experts
would increase. Additiondly, both the Fuyang Chemica Genera Works and the Anhui Paper
Mill would participate in these extenson activities, to showcase their demongtration projects, to
act as trainers for personnd from the newly participating mills and to give their managers and
engineers additiond practice in implementing CP.

The objectives of this exercise were:

To fidd test the CP auditing manuas and guiddines;

To hep insure project sustainability;

To atempt to achieve aregiona impact on the pulp and paper making industry.
All three objectives have been met through the project activities in FY 2000-2001.

From the project activities to date, a certain number of conclusons can be drawn. Most
notably, the methodology employed to implement CP in an industrial sector appears to work
very well, at least with regard to the pulp and paper sector. This methodology is based on the
fallowing seps:

1. Ingpection of a limited number d plants, in order to choose a representative plant for
demongtration purposes.

2. Execution of a detalled pre-audit and audit at the plant, using locd and internationd
experts.

3. Production of detailed audit reports (likdy more detailed than the mill itsef might
produce).

4. Identification and ranking of CP solutions for implementation.

5. Implementation of CP solutions and careful, accurate reporting of results (environmenta
and finandid savings).

6. Based on the above, production and wide dissemination of aCP audit manua and CP
guiddines and solutions for the sector.



7. ldentification of agroup of enterprises who are willing to participate in the program.

8. Traning of the personne of these participating enterprises, usng the previoudy
completed demongtration project as an example.

9. Ingpection of the participating enterprises, to assess progress and provide further
assistance as may be required.

The extenson activities in the sx mills provides ample evidence of “low-hanging fruit’ to be
picked, thet is to say dl mills, without exception, were gble to quickly identify very important
CP solutions which could be implemented quickly, at relatively low cost, and which provided an
extremey high reate of return.

Furthermore, the emphasis given on financid benefits of implementing a CP program appears to
be fully justified. The prospect of an improved bottom line has proven to be a very important
driver and motivator for millsto implement CP.

Some of the solutions which were implemented and presented as CP solutions were not, strictly
gpesking, CP solutions. That is to say they did not necessarily diminate pollutants at source.
Indeed, in certain cases, it could be argued that the solutions had no impact on pollution &t al.
The audit team ddiberately chose to ignore this issue, because dl solutions, whether “Cleaner
Production” solutions or not, showed evidence of CP thinking. In other words, even the
solutions which did not meet the grict definitions of CP demonstrated that the mill was looking
for ways to make its process more efficient. Thus, some solutions seemed to have only
financid, not environmenta benefits. Other solutions seemed to be more in the nature of end of
pipe trestment. But dl, without exception, made the mills more efficient and demonstrated that
the participants had a good grasp of the basic principlesinvolved.

The audit team discovered that some of the participating mills had aready begun to implement
CP, prior to the training program which they received in July 2000. Neverthdess, these mills
were able to make very good use of the training. This is because the training gave them a
methodology by which to implement CP. Not only were they able to go about their CP
programs in a more systematic way, but they were also able to apply methods to rank various
CP options and thus prioritize their interventions.

Findly, participation in the CP program undoubtedly gave the mills added incentive to achieve
results and provided them with an opportunity to meet with their colleagues from other mills to
discuss CP.

There is evidence that the mills are now better able to implement environmental management

plans. For ingance, the Ma An Shan and Jn Zhong mills have established specific, measurable
objectives and targets. These would easly fit into an 1SO 14001 management system.
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Some of the CP solutions audited were assessed on the basis of theoretical calculations. In a
few cases it was difficult to obtain before and after performance measurement data regarding
the efficency of the solutions implemented.  This highlights a sysemic problem in the Chinese
pulp and paper industry. Few pulp and paper mills are able to measure on their own, their
environmenta performance. They do not have the personnel or equipment to take samples or
the laboratories in which to andyse the samples. Mog miills rely on the locad Environmenta

Protection Bureau to tell them whether or not their effluent meets the regulated stlandard and
maost mills do not have the habit of tracking their environmenta performance againgt production,
over time,

Consequently, while the first phase of CP implementation is successful, one wonders about the
ability of the millsto implement a sustained, continudly improving CP program over a number of
years. To do <o efficently and effectively would probably require that the mills have the
capacity to measure accurately on a monthly bass its environmenta performance. This would
be difficult for the smdler mills

In concluson, mill management, without exception, are enthusiastic regarding the CP process
and dl agreeto continue. Without exception, the mills see CP as a means to contribute not only
to their well being but dso, in some cases to their surviva. In this regard, they may be right, as
the short term financia benefits associated with implementing a CP program can be very large.

The information gethered from the participating mills gives a good indication that the CP
program is well adapted to the need of the Chinese pulp and paper sector. Through continuous
goplication of an integrated preventative environmenta strategy to process, product and service
the pulp and paper sector will have ability to improve eco-efficiency and reduce risks to humans
and the environment.

Further efforts should be deployed by the project to insure that the mills are able to continue
implementing CP. In particular, mills could use assstance in improving their capecity for
performance measuring and monitoring.



