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  a) Case of calculation

：

Ship unloading, Ship loading and Normal operation

  b) LEG unloading condition

：

800 ton/hr

  c) Liquid density

¡G

565 kg/m

3

  d) Motor power of cargo pump

¡G

500 kW (assumed value)

 

2.BOG calculation

   Shown in the Table A attached hereto.

Table A Refrigeration load summary table

Case 1

Case 2

Case 3

Ship

Unloading

Ship

Loading

Normal

Operation

LEG ship piping

10,000

10,000

---

Cargo pump

430,000

---

---

500kW

LEG unloading arm

42,900

42,900

---

Piping around send-

out pump

2,000

2,000

---

LEG inlet piping

18,700

18,700

18,700

LEG tank heat input 

61,400

61,400

61,400

BOR=0.08%/day

Ship loading pump

---

165,200

192kW

Send-out pump

minimum flow

12,900

---

12,900

16.5ton/hr*120m*1

Differential head of

inlet LEG

-10,000

29,000

---

Differential saturated

Enthalpy

-542,000

-271,000

---

Total heat input

25,900

58,200

93,000

Total BOG

230

510

820

Remark 

  (1)The LEG stroage tank shall be kept not less than 1,600 mmAg during ship unloading.

      The operation pressure of the LEG storage tank shall be 1,800+-200 mmAg

 

 (2)The ship  cargo tank shall be kept not less than 1,600 mmAg during ship loading.

       The operation pressure of the ship cargo tank shall be 1,800+-200 mmAg.

  (3)The reliquefaction system equippped with the ship shall be operated during the ship 

       unloading and ship loading opeaion to absorb the heat being introduced into the ship

       cargo tank, if necessary.

Total BOG

LEG Ship

(12,500m3 Class)

Piping and

Equipments

LEG Storage

Tank(12,500 T)

Others

Parts

Equipment or Piping

Heat Input (Kcal/Hr)

Notes
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[image: image2.wmf]1.Applied Formula

  Cox's Formula is applied to the calculation
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 whereas; Q

¡G

Flow Rate(Nm

3

/hr)

            K

¡G

Coefficient of Flow(K=52.31 by Cox for low pressure gas lines

            d

¡G

Diameter of pipe(cm)=20cm(8")

            P

1

¡G

Pressure of upstream(kg/cm

2

A)= P2+differential pressure of

                  Vapor Return Blower(2,500mmH2O)

            P

2

¡G

Pressure of downstream(kg/cm

2

A)=Ship cargo tank pressure

             s

¡G

Specific weight when Air=1(s=28.05/28.97)

            L

¡G

Length of pipe line(m)=assumed as 400m

2.Calculation Results

   Ship cargo tank pressure is assumed as 1.033 kg/cm

2

A ( 0 kg/cm

2

G)

   and 1.333kg/cm

2

A ( 0.3 kg/cm

2

G).

      K

52.31

52.31

      d

cm

20

20

      P

1

kg/cm

2

G

1.283

1.583

(P

2

+0.25)

      P

2

kg/cm

2

G

1.033

1.333

      s

0.968

0.968

      L

m

400

400

      Q

Nm

3

/hr

3618.5

4060.3

   Assuming the gas temperature at the entrance of the ship cargo tank as 

   -102.4

℃

,the returned gas volume is as follows.

      T

degC

-102.4

-102.4

      P

kg/cm

2

A

1.033

1.333

 

      Q'

m

3

/hr

2261.2

1966.3

[image: image3.wmf]   1. Design condition: 55 ton/hr

   2.Design pressure for LEG evaporator

      Consider the shut-off head of booster pump and the blow down 

       ratio of relief valves as 7%, the design pressure for the LEG 

      Evaporator is decided as follows:

      Item name

Pressure

(kg/cm2g)

Remark

      P1 shut-off head of booster pump

70.18

Note 1

      P2 Pump accuracy

3.51

Note 2

      P3 Suction pressure 

6.83

Note 3

      P4 Total (P4=P1+P2+P3)

80.52

      P5 Design pressure

86.58

Note 4

      Notes

      1)Shut-off head assumed 120% of rated head

         Shut-off head (P1)= 1.035*1.2=1.242kg/cm2g

      2)Pump accuracy is applied 5% due to API 1610

      3)To be not considered the pressure loss of send-out piping

      4)To be considered the blow down ratio of relief valves as 7%

         Design pressure (P5) = Total pressure (P4) /0.93= 80.52/0.93

            = 86.58065(87 kg/cm2g)

         Therefore, design pressure (P5) for LEG evaporator is  87 kg/cm2g

    3.Calculation of required heat exchange

         a)Inlet conditions of evaporator

Pressure :60.795 kg/cm2g

Temperature :minus 104.5 degree

        b)Outlet condition of evaporator

 Pressure :59.995 kg/cm2g

temperature :minimum plus 10.0 degree

        c)Differential enthalpy (from Attachment#2)

Delta H =81 kcal/kg

        d)Requires heat exchange

Qreq = 81 (kcal/kg)*55000 (kg/hr)



	[image: image4.wmf]      4.Calcualtion of inter-medium for LEG Evaporator

          Inter-medium for evaporator shall be used liquid propane.

         Condition of inter medium:

         a)Pressure :8 kg/cm2g

         b)Temperature :15 degree

         c)Differential enthalpy :82 kcal/kg

         Therefore, the required quantities of propane are calculated as follows:

        W = 4455000/82 = 54329.3 (54.4 ton/h)

      5.Calculation of steam for reboiler

          Inter-medium (Propanne) shall be heated by low pressure steam. 

         Conditions of low pressure steam:

         a)Pressure : from 5 to 10 kg/cm2g

         b)Temperature : from 158 to 183 degree

         c)Differential enthalpy :478.181 kcal/kg (@10 kg/cm2g)

         The req'd quantities of low pressure steam are calculated as follows:

        W=4455000/478.181= 9316.56 (9.32 ton/h) 

      6.Calculation of condensate facilities for Evaporator

         Capacity of condensate drum and pump is determined as following

         descriptions.

         a)Condensate drum

            A capacity of condensate  drum is decided with 0.5 hrs of the

            maximum low pressure steam flow rate

V = 9.32 ton/hr * 0.5 hr = 

4.66

 (4.7 m3)

        b)A capacity of condensate pump is decided to have about 5 times 

            capabilities of quantitiy of drum volume per one hour

[image: image5.wmf]3.Result of BOG Calculation

Maximum BOG is 1.33 ton/hr during ship unloading condition shown as 

following BOG calcualation Table B.

Table B   Result of BOG Calculation

Operation case

Quantity of

BOG

Quantity

without Vapor

Total BOG

During Ship

unloading condition

0.23

1.1

1.33

During Ship loading

condition

0.51

0.55

1.06

During Normal

condition

0.82

  -

0.82

Remark

(*1)Without Vapor Return :Due to the thermal expansion through the  

       vapor return line, 100% volume of cool gas in the tank equivalent 

       to received liquid volume can not be returned to the ship. Certain 

      percentage of the gas shall be treated by the BOG compressor.

4.Capacity of reliquefaction system

   (1) Capacity of reliquefaction system is determined by maximum BOG 

          shown in table B.

   1.33 / 0.614=

2.17

ton/hr

   2.17*1,000*127 =

275590

kcal/hr ( for one(1) train)

      Whereas; 

          a)The requefied ethylene will be pressure relieved and expand   

             prior to returning into the tank.  38.6% of reliquified ethylene 

             will be vaporized and the remaining  61.4% will return into 

             the tank as refrigerated liquid.

          b)127 kcal/hr is differential enthalpy (+ 70 degree to - 30 degree F.)
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1、 緣起

石化事業部基於提升國內石化原料市場佔有率、提升生產及供應彈性考量下，於91及92分兩年編列新台幣8.7億元預算辦理「U9101石化事業部乙烯冷凍槽興建計畫」並於90年3月獲行政院核准提前動支。本計畫主體包主要工程內容包括現有K-11儲槽之拆除與新建乙座15,000公噸乙烯冷凍槽及其相關之卸料臂系統、壓縮與再冷凝系統、泵送系統、緊急排放及廢氣燃燒系統、消防系統、管線系統、儀控系統、電氣系統、鍋爐系統等附屬設備之設計、施工、購料與安裝與性能測試工作，經公告招標結果由日本川崎重工業株式會社得標，契約金額為新台幣6.88億元，隨即於91年3月5日正式動工興建，工期640日曆天，預定裝建完成日期為92年12月4日。

本工程為一包含工程設計(Engineering)、材料供應(Procurement)、裝建與試車(Construction)之EPC統包(Turn key)工程，本(91)年度之工作重點在設計方面主要有整體輸儲系統之方法流程與平面佈置規劃、儲槽及卸料臂、壓縮機、輸送泵、鍋爐等附屬設備及系統之基本與細部設計、採購規範與施工標準之訂定等工作，購料方面除了前述各項系統設備之採購外，尚有基樁、儲槽內、外槽鋼板、儲槽保冷材、管線、電氣及儀控等大宗材料之採購工作，裝建部份除了現有儲槽及附屬設備之拆除工作外，主要有儲槽基樁植樁、儲槽基座灌漿、儲槽外牆灌漿、儲槽底板與內外槽之預製與裝建等工作。

本次出國主要任務乃在分別前往承攬商川崎重工業株式會社之大阪製作所及東京總公司與其專案工程團隊及相關之技術人員進行期中工作檢討，針對本工程方法流程與基本設計規範、重要設備及材料之採購及製造進度、整體專案執行進度與工程品管作業等相關之重大議題進行面對面之工作會談，並實地查核其執行情況。
貳、目的

本次出國赴日本川崎重工業株式會社主要目的有下列四項： 

(1) 研討並處理乙烯冷凍槽工程相關之方法流程、系統規劃與基本設計問題。

(2) 確認乙烯冷凍槽工程之設備製作與材料採購規範合乎合約規定。

(3) 提升乙烯冷凍槽工程之設計與工程品質。

(4) 掌握乙烯冷凍槽工程整體執行進度，確保能如期完工。

另，由於UOP遠東分公司(UOP Asia pacific Pte. Ltd)東京事務所與鹿島石油公司(Kashima Oil)恰分別位於本次出國所要拜訪之日本川崎重工業株式會社與住友金屬株式會社鹿島製鐵所(Sumitomo Metal Ltd. Kashima Steel Works)鄰近位置，因此在完成此行主要任務之餘亦順道拜訪該兩家與本事業部所生產之芳烴類石化產品有相當關聯之公司，蒐集其新製程、新觸媒等生產技術資料，作為本事業部現有芳烴類生產線執行去瓶頸計畫，與提高生產效率之參考。

參、出國行程

91.10.23
啟程(高雄–大阪)

91.10.24
赴川崎重工業株式會社大阪製作所，研討乙烯冷凍槽工程之方法流程與基本設計規範。

91.10.25~29  (大阪–東京)

赴川崎重工業株式會社東京總公司，檢討乙烯冷凍槽工程之專案執行進度，並查核重大機械設備及材料之採購作業情況。

參訪UOP遠東分公司(UOP Asia pacific Pte. Ltd)東京事務所，討論新觸媒技術及專利費計價問題。


赴住友金屬株式會社鹿島製鐵所(Sumitomo Metal Ltd. Kashima Works)，查核乙烯冷凍槽工程之不銹鋼板製造流程與品管作業執行情況。


參訪鹿島石油公司(Kashima Oil)，蒐集二甲苯分離工場能源耗用資料。(東京)

91.10.30
返程(東京–高雄)

肆、拜訪內容及洽談結果

一、拜訪川崎重工業株式會社大阪製作所

整體方法流程規劃及基本設計為本工程現階段的工作重點，拜訪川崎重工業株式會社大阪製作所乃針對本工程相關之Calculation of Boil-off Rate(儲槽)、Hydraulic Calculation of Vapor Return Blower、Capacity Calculation of LEG Evaporator及BOG壓縮機系統操作模式與容量計算等四項尚待釐清之方法流程規劃、容量計算基礎與操作模式等問題和川崎重工業技術團隊進行深入之檢討與研議，研討結果如下：

(1) [image: image6.wmf]Unit : MT

NO.1 Parex

NO.2 Parex

Total

No.2 Aromatic Section

(No.1Parex&NO.2 Parex)

117,281

117,281

234,562

No.3 Aromatic Section(No.3

Parex)

 

202,209

Total

436,772

Full paid royalty rate=(0.0000533*BLS+0.00467)

BLS=      (1998

年

)

399.2

BLS=      (2002

年

)

404.4

1998

專利費率

($/LB)=

0.0259

1998

專利費率

($/MT)=

57.2139

2002

專利費率

($/LB)=

0.0262

2002

專利費率

($/MT)=

57.8251

Schedule B

Lb

MT

Pay to UOP

aggregate operation

<150,000,000

68,027

100% royality

aggregate operation

150,000,000-

250,000,000

68,027 -

113,379

75% royality

aggregate operation

>250000000

>113,379

50% royality

Comparision of Expenses of PX production in the basis of 50000 MT

increasing (US$)

 

1

Produced by No.3 Parex

2,891,253

(Additional running royality Pay to UOP)

(In case Parex No.3 reaches 252,209MT)

2

Produced by No.2 Parex

Case.1

 Change catalyst

1,000,000

(New Octafiner Catalyst expense)

No.3 Parex shut down/start-up

176,209

(Takes 3 + 5 days)

No.2 Parex start-up/shut down

114,699

(Take 5 + 3 days)

1,290,908

Case.2

 Existing catalyst

 

More Energy cost

930,500

(Energy consumption for 50000MT PX)

No.3 Parex shut down/start-up

176,209

(Takes 3 + 5 days)

No.2 Parex start-up/shut down

148,494

(Take 5 + 3 days)

1,255,203

Acquired fully paid license(until 2002)

Calculation of Boil-off Rate (儲槽)

(2) [image: image7.wmf](2)Calculation for possible gas receiving capacuty from Olefin Plant

Table C results of calculation for Possible Gas Receiving capacity from Olefin Plant 

Running of reliquefaction

system

Flow Rate(*1)

(ton/h)

Flow Rate(*2)

(ton/h)

Flow Rate(*3)

(ton/h)

Running of one(1) train

2.17

1.66

1.66

Running of one(1) train

4.34

2.5

2.5

Remarks

  (*1)Flow rate of Reliquefatioon System.

  (*2)Possible gas receiving capacity from Olefin Plant

        foe one train: (0.82+X)/0.614 = 2.17, X= 2.17*0.614-0.82=

0.51

ton/hr

        foe two train: (0.82+X)/0.614 = 4.34, X= 4.34*0.614-0.82=

1.84476

ton/hr

(3)Refrigeration load druing export service from Olefin plant

     LEG storage tank BOG

          Flow rate :1.66 ton/hr

          Temperature :  plus 70 degree to minus 30 degree

          Q1 = 127   (kcal/kg)  *  1,660   (kg/hr) = 

210,820

kcal/hr

    Ethylene gas from Olefin plant

         Flow rate  : 0.51 ton/hr

          Temperature :  plus 40 degree to minus 30 degree

          Q2 = 110   (kcal/kg)  *  510   (kg/hr) = 

56,100

kcal/hr

    Total refrigeration is shown below

    Q= Q1 + Q2 =210,820 + 56,100 =

266920

<280,000 kcal/hr O.K.

Hydraulic Calculation of Vapor Return Blower
(3) [image: image8.wmf]1.Calculation formula

W

d

= (Q/q

m

)*24

R

BOG

= (W

d

/

ρ

m
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G
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╱

day)

      Whereas:

W

d

:Boil-off weight of methane per day (kgf/day)

q

m

:Latent heat of vaporization of LEG(=114.5kcal/kgf)

R

BOG

:Boil-off rate per day(%/day)

£l

m

:Specific gravity of LEG(=565kgf/m

3

)

V

G

:Gross tank contents(=362*

£k

/4*27.90=28,398m

3

)

2.Numerical Calculation

W

d

= (60,847/114.5)*24

     =12,754kgf/day

R

BOG

= (12,754/(565*28,398))*100

        =0.0795<0.080(%/day) O.K.

Capacity Calculation of LEG Evaporator
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1

Produced by No.3 Parex

2,891,253

(Additional running royality Pay to UOP)

(In case Parex No.3 reaches 252,209MT)

2

Produced by No.2 Parex

Case.1

 Change catalyst

1,000,000

(New Octafiner Catalyst expense)

No.3 Parex shut down/start-up

176,209

(Takes 3 + 5 days)

No.2 Parex start-up/shut down

114,699

(Take 5 + 3 days)

1,290,908

Case.2

 Existing catalyst

 

More Energy cost

930,500

(Energy consumption for 50000MT PX)

No.3 Parex shut down/start-up

176,209

(Takes 3 + 5 days)

No.2 Parex start-up/shut down

148,494

(Take 5 + 3 days)

1,255,203

Acquired fully paid license(until 2002)


(4) BOG壓縮機系統操作模式與容量計算

[image: image15.wmf]3.Result of BOG Calculation

Maximum BOG is 1.33 ton/hr during ship unloading condition shown as 

following BOG calcualation Table B.

Table B   Result of BOG Calculation

Operation case

Quantity of

BOG

Quantity

without Vapor

Total BOG

During Ship

unloading condition

0.23

1.1

1.33

During Ship loading

condition

0.51

0.55

1.06

During Normal

condition

0.82

  -

0.82

Remark

(*1)Without Vapor Return :Due to the thermal expansion through the  

       vapor return line, 100% volume of cool gas in the tank equivalent 

       to received liquid volume can not be returned to the ship. Certain 

      percentage of the gas shall be treated by the BOG compressor.

4.Capacity of reliquefaction system

   (1) Capacity of reliquefaction system is determined by maximum BOG 

          shown in table B.

   1.33 / 0.614=

2.17

ton/hr

   2.17*1,000*127 =

275590

kcal/hr ( for one(1) train)

      Whereas; 

          a)The requefied ethylene will be pressure relieved and expand   

             prior to returning into the tank.  38.6% of reliquified ethylene 

             will be vaporized and the remaining  61.4% will return into 

             the tank as refrigerated liquid.

          b)127 kcal/hr is differential enthalpy (+ 70 degree to - 30 degree F.)



[image: image10.wmf]1.Applied Formula

  Cox's Formula is applied to the calculation
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 whereas; Q

¡G

Flow Rate(Nm

3

/hr)

            K

¡G

Coefficient of Flow(K=52.31 by Cox for low pressure gas lines

            d

¡G

Diameter of pipe(cm)=20cm(8")

            P

1

¡G

Pressure of upstream(kg/cm

2

A)= P2+differential pressure of

                  Vapor Return Blower(2,500mmH2O)

            P

2

¡G

Pressure of downstream(kg/cm

2

A)=Ship cargo tank pressure

             s

¡G

Specific weight when Air=1(s=28.05/28.97)

            L

¡G

Length of pipe line(m)=assumed as 400m

2.Calculation Results

   Ship cargo tank pressure is assumed as 1.033 kg/cm

2

A ( 0 kg/cm

2

G)

   and 1.333kg/cm

2

A ( 0.3 kg/cm

2

G).

      K

52.31

52.31

      d

cm

20

20

      P

1

kg/cm

2

G

1.283

1.583

(P

2

+0.25)

      P

2

kg/cm

2

G

1.033

1.333

      s

0.968

0.968

      L

m

400

400

      Q

Nm

3

/hr

3618.5

4060.3

   Assuming the gas temperature at the entrance of the ship cargo tank as 

   -102.4

℃

,the returned gas volume is as follows.

      T

degC

-102.4

-102.4

      P

kg/cm

2

A

1.033

1.333

 

      Q'

m

3

/hr

2261.2

1966.3



[image: image11.wmf]      4.Calcualtion of inter-medium for LEG Evaporator

          Inter-medium for evaporator shall be used liquid propane.

         Condition of inter medium:

         a)Pressure :8 kg/cm2g

         b)Temperature :15 degree

         c)Differential enthalpy :82 kcal/kg

         Therefore, the required quantities of propane are calculated as follows:

        W = 4455000/82 = 54329.3 (54.4 ton/h)

      5.Calculation of steam for reboiler

          Inter-medium (Propanne) shall be heated by low pressure steam. 

         Conditions of low pressure steam:

         a)Pressure : from 5 to 10 kg/cm2g

         b)Temperature : from 158 to 183 degree

         c)Differential enthalpy :478.181 kcal/kg (@10 kg/cm2g)

         The req'd quantities of low pressure steam are calculated as follows:

        W=4455000/478.181= 9316.56 (9.32 ton/h) 

      6.Calculation of condensate facilities for Evaporator

         Capacity of condensate drum and pump is determined as following

         descriptions.

         a)Condensate drum

            A capacity of condensate  drum is decided with 0.5 hrs of the

            maximum low pressure steam flow rate

V = 9.32 ton/hr * 0.5 hr = 

4.66

 (4.7 m3)

        b)A capacity of condensate pump is decided to have about 5 times 

            capabilities of quantitiy of drum volume per one hour


二、拜訪川崎重工業株式會社東京總公司

本工程自91年3月5日動工以來工程進展尚稱順利，拜訪東京川崎重工業株式會社主要目的為與其專案及主管團隊針對本工程執行至今之各項工程設計(Engineering)、設備及材料採購(Procurement)與裝建工作(Construction)之整體執行情況進行檢討，並針對BOG Compressor、Reliquefaction Compressor、Unloading arms、Send-out pump、Booster pump、Evaporator等重大機械設備之採購作業進度進行查核。

(1) 設計工作執行情況

1. LEG Tank (Mechanical)

· Preparation of detail drawings (Pump Barrel, Pump Barrel Ladder, Nozzle, Deck, Spiral Stairway)

· Issue of “For Construction”
· Specification (Painting, Expansion Joint, Valves, Pressure Gauge, Temperature Gauge)

· Calculation Sheet (Roof Frame)

2. LEG Tank (Civil)

· Modification of detail drawings

· Calculation Sheet (Determination of Pre-stressing Force)

3. Process & Equipment

· Modification of PFD, PID and Material & Heat Balance

· Preparation of PID (BOG Compressors, LEG Reliquefaction System, LEG Evaporator, Boiler System)

· Preparation of Equipment Drawing (Send-out Pump, Ship Loading Pump, Booster Pump, Boiler System)

· Preparation of Piping Drawing (Tank Area Piping, Piping Support, Flare Area Piping, Typical Standard Drawing)

4. Electrical & Instrumentation

· Revision of General Single Line Diagram

· Revision of List (Local Instrument, Control Valve Power Equipment)

· Preparation of Loop Sketch Drawing (Compressors,  Reliquefaction System)

(2) Calculation (Power Consumption)

(3) 採購作業執行情況

1. Equipment

· Vendor Decision, Announcement of order (BOG Compressors, LEG Reliquefaction System, Pumps, Boilers, Flare Tip, Cryogenic Valves)

· Negotiation for Contract (Vapor Return Blower, Flare Tip)

· RFQ issue (Cryogenic Valves)

2. Material

· Expedite for inner tank roof material

· Site Arrival of 2nd shipment of stainless steel plate

· Site Arrival of 3rd shipment of stainless steel plate

· Site Arrival of carbon steel plate

· Site Arrival of reinforcing bars for bottom slab

(4) Site Arrival re-bars, PC Anchors & Conduit Embeded in Bottom Slab)

(5) 裝建工作執行情況

1. Civil portion

· Piling Loading Test

· Base Slab Layout and Leveling Work

· Water proofing for Base Slab

· NCP Anchor Install

· Bottom re-bar work

2. Tank portion

· Welding Test

· Fabrication of Anchor Strap

· Fabrication of Bottom heater and Sensor pipe

· Install temporary support for anchor strap

· Outer bottom Plate fabrication

· Outer roof frames and plates fabrication

· Corner Liner and Liner anchor fabrication

· Jack system preparation

· Roof plate fabrication

3. Bottom Insulation

· Perlite concrete mixing ration test

(6)  分項工程執行進度

1. 設計部份

儲槽本體與基礎之細部設計圖件、強度及應力分析資料及儲槽之WPS(焊接程序規範)、PQR(焊接程序檢定紀錄)等施工作業及檢查規範已完成並issued for construction，儲槽附屬設施及壓縮機、卸料臂等相關之管線、儀器及電氣工程等之P&ID及細部設計圖件陸續issued for comment及approval中；本項工作之分項進度為43.8%，較預定進度46.2%略為落後，經查核其落後原因主要為部份附屬設備供應廠商由於剛完成訂購作業未及將其完整之設計圖件提出，使得相關細部設計圖件無法定稿，已當面要求 KHI加速本項作業程序，達成進度目標值。

2. 購料工作

BOG Compressor、Reliquefaction Compressor、Unloading arms、Send-out pump、Booster pump、Evaporator等重要附屬設備已陸續完成訂購作業；儲槽外牆、基礎及內外槽底板與壁板等材料如304不銹鋼板等已陸續運抵工地進行預製中；其他管線、儀器及電氣工程所需材料陸續進行訂購中；本項工作之分項進度為46.0%，較預定進度43.7%超前。 

3. 裝建工作

基樁樁頭製作已完成，本月份繼續進行及儲槽基座鋼構及灌漿工程；另，儲槽鐵件如Anchor Plate、Bottom Plate、Shell Plate及底座加熱器管線等正進行預製中，原K-11舊槽拆除廢鐵之清運工作已全部清運完畢；本項工作之分項進度為33.1%，較預定進度33.6%略微落後，已當面要求 KHI加緊趕工，達成進度目標值。

(7) 整體工程執行進度

本專案工程在決標簽約後，為求能掌控整體專案工程進度，達成如期完工之目標，在開工會議中即要求承攬商川崎重工業株式會社提報完善的專案執行計劃與工程進度管理系統，其中除了訂立每一月份之預定工程進度之最低標準外，尚訂立預定工程進度之目標值，並根據該目標值來進行管控與實際工程進度做比較，執行結果，經由承攬商之努力配合與相關監造人員之督促下，截至本年10月底止，於實際動工天數僅達241日曆天佔總工期640日曆天37.7%之際，即使在設計及裝建兩部份略低於目標值之情形下，整體工程進度仍達42.2%較目標值41.0%略超前。(工程進度資料詳附錄一91年10月份KHI工程月報)

三、拜訪UOP遠東分公司東京事務所(UOP Asia pacific Pte.Ltd)
(1) The UOP Isomar Process
Catalyst Choices Catalyst Choices - Two 

“EB Isomerization”
– EB  xylenes 

– First type of catalyst commercialized in 1968

– Latest is I-400 

“EB Dealkylation”
– EB to benzene EB

– Introduced 15 years after

– Latest is I Latest is I-300 &  I- 330
(2) Choice of Catalyst
Al l isomerize para -depleted  xylenes to equilibrium

I-9 and I-400 isomerize EB to xylenes

– Maximizes yield of PX

– Best utilization of feedstock
(3) I-300 Series dealkylates EB to benzene co- product
– High EB Conversion per pass

– Debottlenecks Parex-Isomar loop
(4) The Tatoray Process
Transalkylation of toluene and C9-C10 aromatics

to produce mixed mixed xylenes and benzene

43 Tatoray units licensed worldwide 1969-2002
(5) TA Catalyst Benefits
Improved on stream efficiency
– Twice the stability of TA-4

– 5-7 days per year added for a complex 5 MM/yr

High activity (50% increase in intrinsic catalyst activity)

– Boost unit capacity 20% Boost unit capacity 20%

– Load less catalyst

High conversion & yields

– High quality benzene product

– <1000 PPM NA after less than 24 hours of feed cut in
(6) Platforming History
Year     UOP Innovation

1949  First Fixed bed Platforming unit licensed

1971  First CCR Platforming Unit

1986  Upflow centerpipes and integral catalyst collector 

1988  Pressurized CCR Regenerator commercialized

1990  First ultra low pressure reactor (3.5 kg/cm2g or 50 psig)

1996  CycleMax CCR Regenerator commercialized
(7) CCR Platforming Catalyst History
Year   UOP Catalyst Innovation 

1974   R-30: First CCR catalyst

1975   R-32: First Pt/ /Sn CCR catalyst

1988   R-34: Lower platinum version of  R-32

1992   R-132: Higher activity, surface area stable

1993   R-134: Lower Pt version of R-132

1996   R-174: Higher yield CCR catalyst

1998   R-162: Higher density CCR catalyst

1999   R-164: Lower Pt version of R-162

1999   R-232: Lower coke and higher yield catalyst 

1999   R-234:Lower Pt version of R-232

2001   R-274:Higher yield version of R- 234
(8) CCR Platforming Commercial Status
75% of New Unit Construction is for Motor Fuel

Total Operating Units = 172
(9) Operating Units by Capacity till Feb. 2002
Total 172 Units

15 Units < 10 MBPD (1590 m3/ /day)

56 Units10 to 20 MBPD(1590 to 3180 m3/day)

68 Units 20 to 30 MBPD(3180 to 4770m3/ /day)

19 Units30 to 40 MBPD(4770 to 6360 m3/day)

14 Units 40+ MBPD (6360+ m3/ /day)
(10) Operating Units by Reactor Pressure till Feb. 2002
Total 172 Units
44 Units Units 50 psig(3.5 kg/ /cm2)

46 Units 51 to 100 psig (3.6 to 7.0 kg/cm2)

47 47 Units 101 to 125 psig(7.1 to 8.8kg/cm2)

25 Units126 to 150 psig (8.9 to 10.5kg/cm2)

10 Units151 + psig (10.6+ kg/cm2 )
(11) Operating Units by Circulation Rate till Feb. 2002
Total 172 Units
44 Units200 to 450 pph

53 Units700 to 1000 pph

57 Units1500 to 2000 pph

18 18 Units3000 to 4500 pph 

(12) Operating Units by Unit Type till Feb. 2002
172 Total Units 

123 Units   Atmospheric 

23 Units    Pressurized

(13) 26 Units  CycleMax 

(14) 依據本事業部明年二甲苯工場預定之生產計劃，開工的工場為芳二組及芳三組各一套吸附分離工場，建議UOP降低超產之專利費(增桶費)，本事業部也可以不必為節省增桶費而操作芳二組另一套設備，以達雙贏的目的。經分析比較兩種狀況，本事業部需增加的成本如下：

若以芳三組吸附分離工場超產5萬公噸所需付給UOP公司的專利費為2,891,253美元；若超產的量由芳二組第二吸附分離工場生產，可節省上述的專利費，但因其能源耗用較高，增加的能耗成本為：1,689,117美元，如能更換觸媒，可降低能耗，所需的觸媒費用為1,300,310美元。經比較仍以專利增桶費最高，故建議UOP考量降低專利費。(詳細計算如下表)
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Table C results of calculation for Possible Gas Receiving capacity from Olefin Plant 

Running of reliquefaction

system

Flow Rate(*1)

(ton/h)

Flow Rate(*2)

(ton/h)

Flow Rate(*3)

(ton/h)

Running of one(1) train

2.17

1.66

1.66

Running of one(1) train

4.34

2.5

2.5

Remarks

  (*1)Flow rate of Reliquefatioon System.

  (*2)Possible gas receiving capacity from Olefin Plant

        foe one train: (0.82+X)/0.614 = 2.17, X= 2.17*0.614-0.82=

0.51

ton/hr

        foe two train: (0.82+X)/0.614 = 4.34, X= 4.34*0.614-0.82=

1.84476

ton/hr

(3)Refrigeration load druing export service from Olefin plant

     LEG storage tank BOG

          Flow rate :1.66 ton/hr

          Temperature :  plus 70 degree to minus 30 degree

          Q1 = 127   (kcal/kg)  *  1,660   (kg/hr) = 

210,820

kcal/hr

    Ethylene gas from Olefin plant

         Flow rate  : 0.51 ton/hr

          Temperature :  plus 40 degree to minus 30 degree

          Q2 = 110   (kcal/kg)  *  510   (kg/hr) = 

56,100

kcal/hr

    Total refrigeration is shown below

    Q= Q1 + Q2 =210,820 + 56,100 =

266920

<280,000 kcal/hr O.K.


四、拜訪住友金屬株式會社鹿島製作所

根據美國石油協會所發行之超低溫儲槽設計與製造規範API 620 Appendix Q所載超低溫儲槽所使用之材料主要有9%Ni合金鋼及304不銹鋼兩種，本工程所選用之材料為304不銹鋼，304不銹鋼相較於9%Ni合金鋼有較為優異之耐低溫特性及較佳之加工性，本工程中所使用之鋼板厚度從8 mm至22 mm不等，總重量預估約為500公噸，其使用材料之良窳攸關儲槽之製造品質，本次拜訪住友金屬株式會社鹿島製鐵所，主要目的即為查核其不銹鋼板製造流程與品管作業執行情況。

(1) 公司概況
住友金屬株式會社鹿島製鐵所創立於1967年，目前粗鋼年產量達一千萬公噸以上，為一貫作業式煉鋼廠，採用最先進的生產技術，其主要產品有Sheet、Coil、Plate Steel、Pipe等。目前該工廠的主要生產設備有兩套Sintering Plant、三座Blast Furnace、五座Converter、三套Continuous Casting Machine、熱軋、冷軋及大小口徑鋼管、型鋼等成品工廠。

(2) 生產技術與品質管理
住友金屬株式會社鹿島製鐵所早期便導入TOPS (Total Online Production Control System)品質控制技術，將各項生產、銷售與品管資訊如生產設備的自動化控制、生產計畫、製造指示、品質檢查、產品交運與生產資料等接納入自動化管理系統，全廠裝設超過200套以上的程控電腦及資料處理器，利用最先進的光纖網路進行線上資訊的傳遞，使生產管理與品質控制達到最佳化之目的。目前住友金屬工業株式會社鹿島製鐵所正在進一步建置新世代的電腦整合製造生產系統(Computer-integrated Manufacturing)，其將可進一步將其企業經營計畫與線上的生產資訊進行統合，提升其長期競爭能力。

(3) 304不銹鋼板的生產與品管
304不銹鋼板的製造過程主要分成Steel Making、Casting、Slab Grinding、Rolling、Heat Treatment、Finishing & Inspection六大步驟，其中又可再細分為Iron Making、Steel Making、Secondary Refining、Continuous Casting、Slab Surface Inspection一直到Heat Treatment、Cutting、Ultra Sonic Testing、Pickling、Inspection、Testing等二十六項製程，其中從第二項製程Steel Making開始便須配合製造程序進行內容涵蓋Temperature、Chemical Composition、Purity、Surface、Shape、Size、Heating Time、Finishing Temperature、Flatness、Internal Imperfection、Acid Concentration、Mechanical Testing、Corrosion Test等總共二十五項的品管檢查，詳細製程及品管控制點詳如附錄二(Manufacturing Process & Quality Control Point)。

(4) 品質查驗
客戶：中油公司
材質：304不銹鋼板

尺寸：22 x 1750 x 9450(mm)

板號：782057301、7822050401、782062401、882009101-02

爐號：F217083、F217084、F217085、F217149

物理試驗結果：

· 降伏點強度：最高為41KSI，最低為39KSI，皆合乎ASTM強度標準30KSI Min.。

· 抗張強度：最高為99KSI，最低為96KSI，皆合乎ASTM強度標準75KSI Min.。

· 伸長率：最高為56%，最低為39KSI，皆合乎ASTM伸長率標準40% Min.。

· 硬度試驗：最高為169HB，最低為156HB，皆合乎ASTM硬度標準201 Max.。

化學成分分析：

· Cr成分：最高為18.40%，最低為18.13%，皆合乎ASTM成分標準18.00-20.00%。

· Ni成分：最高為8.30%，最低為8.10%，皆合乎ASTM成分標準8.00-10.50%。

· C成分：最高為0.05%，最低為0.05%，皆合乎ASTM成分標準0.08% Max.。

· Si成分：最高為0.35%，最低為0.2%，皆合乎ASTM成分標準0.75% Max.。

· Mn成分：最高為1.61%，最低為1.13%，皆合乎ASTM成分標準2.0% Max.。

· P成分：最高為0.028%，最低為0.026%，皆合乎ASTM成分標準0.045% Max.。

· S成分：最高為0.007%，最低為0.003%，皆合乎ASTM成分標準0.030% Max.。

· N成分：最高為0.043%，最低為0.040%，皆合乎ASTM成分標準0.100% Max.。

熱處理紀錄：Plate Solution-annealed—2012℉ W.Q.

(5) 品質查驗紀錄：檢查證明書附化學成分分析報告及熱處理紀錄詳附錄三。
五、拜訪鹿島石油公司(Kashima Oil)
此行參訪鹿島石油公司，主要目的為了解其二甲苯分離工場能源耗耗用情況，與本事業部同類工場比較，經比較結果，本事業部No.1/3 Parex 單位能耗與其相差不大，No.1 Parex 單位能耗較高(高7.8%)，No.3 Parex單位能耗低於Kashima Oil(低3.7%)，但由於本公司燃料油價格較高，致能源成本高出7~17%(燃料油價格以近一年平均價為基準)，以下為訪問摘要：

(1) 公司沿革
1967 Company established
1970 Refinery start up

Japan energy (>50% share)

Mitsubishi Chemical Corp.
Cosmo oil (Daikyo oil)
Tokyo Electric Power Company
(2) 公司背景
Only PX product as petrochemical

C5 send to Mitsubishi chemical Naphtha cracker

800,000 MT ethylene to MGC

Refinery is the main part
PX capacity equal to 3.9% of total feed
Capacity of topping unit 180,000BPD(9,000,000MT/y)

Total Staffs 666 Employees

Refinery 322 Employees

Tokyo Head office 90 Employees

Subsidiary company 254 Employees
(3) Kashima industrial complex area

Takamatsu area (Sumitomo metal industrial LTD)       694 ha

Western area (grain terminal , steal mfg)              558 ha

Eastern area (Oil ref, Petrochemical ,Electricity, power)  970 ha

Topping-Crude Oil

VGO-HDS

CCR-Platformer
PX- Parex

C7L Splitter

MDDW-Dewaxing 

G.O HDS

TAC9-Xylene plus (new install)

Hasaki area (Chemical, machinery)                 329 ha

Total                     





  2551 ha

(4) Port

Kashima port

Start construction  1962, one of the world’s largest artificial port

Operation        1969

(5) Crude unit

Refinery area : 165 ha

Crude oil tank : 108 ha  

Topping capacity: 180,000BPD(9,000,000 ton/Y)
Electricity power & steam

Kashima Joint northern Power Co Ltd

Waste water 

Kashima Waste (Ibaraki prefecture)

(6) Jetty and birth  

For foreigner:

No.1 270,000 DWT

NO.2 100,000 DWT

NO.3 80,000 DWT

For domestic 

No.1~5  300 DWT x 2 sides
No.8  10,000DWT

No.9   5,000DWT
No.10~12   LPG
40 crude oil tanks   3294,000 KL
100 petroleum product tanks   1862,600 KL
17 spherical tanks   38,000 KL  
8 refrigerated tanks   259,000 ton

(7) Production and yield

Ratio of product

Gasoline  20.7%

Naphtha  5.65

MTX,PXY  3.9%

Kerosene , Gas oil  34.8%

Fuel oil  25.4 %

LPG, Asphalt, Sulfur 9.5%Ratio of product
Tanker  53%

Pipline 20%

Tank Truck 27%

Note: (Japan’s rule)
Refinery and Petrochemical unit can not be located at same plant site.

(8) Production
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£l

m

:Specific gravity of LEG(=565kgf/m

3

)

V

G

:Gross tank contents(=362*

£k

/4*27.90=28,398m

3

)

2.Numerical Calculation

W

d

= (60,847/114.5)*24

     =12,754kgf/day

R

BOG

= (12,754/(565*28,398))*100

        =0.0795<0.080(%/day) O.K.

[image: image14.wmf]   1. Design condition: 55 ton/hr

   2.Design pressure for LEG evaporator

      Consider the shut-off head of booster pump and the blow down 

       ratio of relief valves as 7%, the design pressure for the LEG 

      Evaporator is decided as follows:

      Item name

Pressure

(kg/cm2g)

Remark

      P1 shut-off head of booster pump

70.18

Note 1

      P2 Pump accuracy

3.51

Note 2

      P3 Suction pressure 

6.83

Note 3

      P4 Total (P4=P1+P2+P3)

80.52

      P5 Design pressure

86.58

Note 4

      Notes

      1)Shut-off head assumed 120% of rated head

         Shut-off head (P1)= 1.035*1.2=1.242kg/cm2g

      2)Pump accuracy is applied 5% due to API 1610

      3)To be not considered the pressure loss of send-out piping

      4)To be considered the blow down ratio of relief valves as 7%

         Design pressure (P5) = Total pressure (P4) /0.93= 80.52/0.93

            = 86.58065(87 kg/cm2g)

         Therefore, design pressure (P5) for LEG evaporator is  87 kg/cm2g

    3.Calculation of required heat exchange

         a)Inlet conditions of evaporator

Pressure :60.795 kg/cm2g

Temperature :minus 104.5 degree

        b)Outlet condition of evaporator

 Pressure :59.995 kg/cm2g

temperature :minimum plus 10.0 degree

        c)Differential enthalpy (from Attachment#2)

Delta H =81 kcal/kg

        d)Requires heat exchange

Qreq = 81 (kcal/kg)*55000 (kg/hr)

Naphtha                     60.68% gasoline blending

                                           component

From Topping  BTX complex            Petrochemical reformate (B,T)

                                    22~25% Para xylene

                                    10~15% Mix xylene

(9) Flow Scheme
























(十)  Refinery information
1. Platforming

Licenser: UOP CCR  R-132 (original R-32)

Catalyst change over years:8

Capacity:

1983 12,500 BPSD

1994 17,000 BPSD

1996 18,500 BPSD

2002 19,500 BPSD

Feed stock: Heavy Naphtha
O.P pressure: 7 kg/cm2g

C.C.R rate: 1,000lb/h (70,000MTA)
Chemical:
PDC (Propylene dichloride)
2. Light Reformate splitter

Contractor: JGC, 

Configuration: 3 splitters in series

Capacity:

1994 10,800 BPSD

2002 10,800 BPSD

Feed:C7 lighter of reformate and raffinate

3. Parex-Isolene

Licenser: UOP-TORAY
Adsorbent and catalyst: ADS-7, TORAY Isolene-I

Clay: Tonsil, CO-630 (每4 個月更換)

Change over cycle：never replaced 

Capacity:
1991 100,000 T/Y

1994 120,000 T/Y

1996 148,000 T/Y   Tray, Reboiler, Add transalkylation

2002 150,000 T/Y

Feed : AC8 from reformate and transalkylation

Chemical: UOP D-1000 (desorbent)

PX purity: 99.73%

Recovery：99.2%

4. Transalkylation

Licenser: Toray

Process: TAC9 process

利用semi-regen之platforming 修改

Catalysy: TORAY TAC-9 (never replaced )

Clay: Englehard :  F-40 (never replaced

Capacity:

1996 start up @70,000 T/Y

2002 current capacity 70,000 T/Y

Feed stocks: Reformate AC9(heavier and toluene)

5. Refining NO.3 UNIT

VC
VGO + HDS
CCR –Platforming

Para-Xylene

C7- splitter + TAC9(refining No. 1 section)

MDDW –Dewaxing

GO-HDS

(十一) Employees

Refining NO.3 section operation group

Manager and staffs  4 people

Operators         44 peoples

5 groups work on 3 shifts.  Each group consists of 8 operators.  4 groups out of 5 groups work on a day.  3 groups are involved in shift work, and one group assists operation and maintenance activities. One 4 people group, which works only on day shift is also formed .
5 groups (8 operators in one group), 3 shift system




Total 8 persons
1 shift 8:00am – 4:00 pm

2 shift 4:00pm-11:00pm

3 shift 11:00pm-8:00am
(十二) Energy Consumption

Utility Consumption per Month
	
	Feed or Product Flow
	Fuel (FOE-Kl)
	Steam (MT)
	Electricity (Kwh)

	CCR Plat
	98557 Kl-feed
	3702(37.655)
	25040(0.287)
	3164632(0.044)

	Parex
	13970 MT-product
	2905(0.204)
	12978(0.941)
	1893333(134.78)

	TAC-9
	4917 MT-feed
	426(0.087)
	5248(1.073)
	296116(60.91)

	C7 Splitter
	1677 MT-feed
	
	592(0.3530)
	

	
	
	(per charge)
	(per charge)
	(per charge)


Notes:
(1) No information about the utility price.
(2) PX price - base on US contract price, Not to be sure in quarter or month base.

(3) Last Year operation rate 100% (CCR and Parex )
(4) Without Sulfolane unit
(5) To sell PX to BP, apply US contract price + prime
(6) 2001operation rate 100%
(7) Kashima Management is asking the plant people to consider expansion of the BTX production units. This indicates that Kashima’s BTX production section is making a certain profit during past several years.
伍、結論

1、 川崎重工業株式會社承攬本事業部乙烯冷凍槽興建工程，概括而論，其專案團隊在執行本工程這段時間以來無論在工程設計、採購、裝建的組織規劃與技術能力上皆具有相當之專業水準，在專案進度管理上除了個別工程設計(Engineering)及裝建工作(Construction)部份之實際進度與最佳目標值有些微差距外，整體進度尚能達成預定之進度目標。另外，在拜訪過程中也就Calculation of Boil-off Rate(儲槽)、Hydraulic Calculation of Vapor Return Blower、Capacity Calculation of LEG Evaporator及BOG壓縮機系統操作模式與容量計算等相關方法流程與系統規劃問題進行研討獲得結論，其將有助於後續的工程設計部份與裝建工作得以加速展開，俾趕上並超越預定進度。

2、 由住友金屬株式會社鹿島製鐵所所提供之不銹鋼板製造流程與品管作業執行程序及紀錄來看，本工程乙烯冷凍槽所使用的304不銹鋼板乃經由嚴謹的製造與檢驗程序所生產之產品，其物理性質與化學成分分析報告皆符合美國材料與試驗協會(ASTM)所頒訂之304不銹鋼板規範要求，與合約規定吻合。

3、 由訪問及整理鹿島石油(Kashima Oil)所提供的生產資料發現，在能源耗用量比較上，本事業部第一/三吸附分離工場單位能耗與其相差不大，第一吸附分離工場單位能耗較其高約7.8%，第三吸附分離工場單位能耗較其低約3.7%，整體而言，由於本公司燃料油價格較高，致能源成本高出7~17%，然而本事業部二甲苯工場的生產成本與鹿島石油相較之下其相差並不大，然而兩者間的獲利能力卻有相當差距，因此顯然是有能源耗用量以外之其他關鍵因素影響著本事業部二甲苯工場的整體競爭力，這有賴芳香烴廠的基準評估(Bench Mark)工作完成後，再做進一步之比較和分析。

陸、建議

1、 本次出國前往承攬商川崎重工業株式會社大阪製作所及東京總公司與其專案團隊及相關工程技術人員針對乙烯冷凍槽興建工程相關之方法流程與基本設計規範、重要設備及材料之採購及製造進度、專案執行進度與工程品管作業等議題進行面對面之工作會談與實地查核，不但迅速解決諸多懸宕未定之基本設計問題、確認各項工程進度與施工品質進行，同時，雙方並針對現階段冷凍槽工程實務務界最新之工程設計規範與施工技術進行意見交換與討論，可說是獲益良多，因此，基於實際工作上之需要，爾後應多派遣技術人員進行類似之技術交流，在確保工程品質之同時並可提升公司及個人之專業技術能力。
2、 本次在UOP遠東分公司協助下有機會參訪鹿島石油公司並蒐級同類型工場之生產資訊誠屬難得。因為業者基於生產機密及市場競爭的考量，通常不歡迎同業的參訪，本次參訪在事先資料準備詳盡下，除蒐集到鹿島石油公司之生產煉製型態外，另外還蒐集到其能源耗用的相關資料來與本事業部的同類型工場作比較，足堪安慰的是兩者相差不大，使我們對往後的改善工作較有方向及信心，建議日後應多透過與本公司有密切來往之製程或觸媒專利公司安排，參觀國內外之同類型工場，蒐集相關資訊並作生產技術上之交流藉以提升生產能力。
3、 由拜訪UOP遠東分公司所獲得的資料顯示，在芳三組吸附分離工場年超產量達5萬公噸時，須付給UOP公司的專利增為2,891,253美元，若該超產量改由芳二組第二吸附分離工場生產，將可節省上述的巨額專利費用，但因第二吸附分離工場能源耗用較高，增加的能耗成本推估約為1,689,117美元，如能更換觸媒，則可將該能耗成本大幅降低，更換觸媒所需費用預估為1,300,310美元，經比較上述兩種情況後，後者顯然優於前者，因此，本事業部可根據上述狀況建議UOP降低超產之專利費(增桶費)，本事業部也可以不必為節省增桶費而操作芳二組另一套設備，以達雙贏目的。
柒、補充資料(無)

捌、附錄

附錄一 91年10月份KHI工程月報 (27頁)

附錄二 Manufacturing Process & Quality Control Point (2頁)

附錄三 304不銹鋼板檢查證明書及熱處理紀錄 (4頁)
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Hydraulic Calculation of Vapor 

		1.Applied Formula

		Cox's Formula is applied to the calculation

		Q=K√(d5(P12-P22))/sL

		whereas; Q：Flow Rate(Nm3/hr)

		K：Coefficient of Flow(K=52.31 by Cox for low pressure gas lines

		d：Diameter of pipe(cm)=20cm(8")

		P1：Pressure of upstream(kg/cm2A)= P2+differential pressure of

		Vapor Return Blower(2,500mmH2O)

		P2：Pressure of downstream(kg/cm2A)=Ship cargo tank pressure

		s：Specific weight when Air=1(s=28.05/28.97)

		L：Length of pipe line(m)=assumed as 400m

		2.Calculation Results

		Ship cargo tank pressure is assumed as 1.033 kg/cm2A ( 0 kg/cm2G)

		and 1.333kg/cm2A ( 0.3 kg/cm2G).

		K				52.31		52.31

		d		cm		20		20

		P1		kg/cm2G		1.283		1.583		(P2+0.25)

		P2		kg/cm2G		1.033		1.333

		s				0.968		0.968

		L		m		400		400

		Q		Nm3/hr		3618.5		4060.3

		Assuming the gas temperature at the entrance of the ship cargo tank as

		-102.4℃,the returned gas volume is as follows.

		T		degC		-102.4		-102.4

		P		kg/cm2A		1.033		1.333

		Q'		m3/hr		2261.2		1966.3

		LEG of 800ton/h is unloaded from the ship cargo tank. Liquid density is 0.565ton/m3,

		thus unloaded LEG volume is as follows.

		Q"=800/0.565=1,416m3/hr

		Since Q'＞Q", the differential pressure of 2,500mmH2O is sufficient.
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BOG Compressor facilities

		1.Design conditions

		a) Case of calculation：LEG ship unloading, Ship loading, Normal operation

		b) LEG unloading condition：800 ton/hr

		c) Liquid density：565 kg/m3

		d) Motor power of cargo pump：500 kW (assumed value)

		2.BOG calculation(As shown in the following table)

		Parts		Equipment/Piping		Heat Input(Kcal/hr)						Notes

						Case 1		Case 2		Case 3

						Ship Unloading		Ship    loading		Normal Operation

		LEG Ship Cargo    (12,500m3 Class)		LEG ship piping		10,000		10,000		---

				Cargo pump		430,000		---		---		500kW

		Piping and Equipment		LEG unloading arm		42,900		42,900		---

				Piping around send-out pump		2,000		2,000		---

				LEG inlet piping		18,700		18,700		18,700

		LEG Storage Tank  (12,500 ton)		LEG tank		61,400		61,400		61,400		BOR=0.08%/day

				Ship loading pump		---		165,200				192kW

		Others		Send-out pump minimum flow		12,900		---		12,900		16.5Ton/hr*120m*1

				Differential head of inlet LEG		-10,000		29,000		---

				Differential saturated Enthalpy		-542,000		-271,000		---

		Total BOG		Total heat input		25,900		58,200		93,000

				Total BOG(kg/hr)		230		510		820

		Remark

		(1)The LEG stroage tank shall be kept not less than 1,600 mmAg during ship  unloading

		condition. The operation pressure of the LEG storage tank shall be 1,800+-200 mmAg

		(2)The ship cargo tank shall be kept not less than 1,600 mmAg during ship loading condition.

		The operation pressure of the ship cargo tank shall be 1,800+-200 mmAg.

		(3)The reliquefaction system equippped with the ship shall be operated during the ship

		unloading and ship loading operation to absorb the heat being introduced into the

		ship cargo tank, if necessary.

		3.Result of BOG Calculation

		Maximum BOG is 1.33 ton/hr during ship unloading condition shown as

		following BOG calcualation table.

		Operation case		Quantity of BOG		Quantity without Vapor Return (*1)				Total BOG

		During Ship unloading condition		0.23		1.1				1.33

		During Ship loading condition		0.51		0.55				1.06

		During Normal condition		0.82		-				0.82

		Remark

		(*1)Without Vapor Return :Due to the thermal expansion through the

		vapor return line, 100% volume of cool gas in the tank equivalent

		to received liquid volume can not be returned to the ship. Certain

		percentage of the gas shall be treated by the BOG compressor.

		(4)  capacity of BOG compressor

		1.33 / 0.614*0.55=		1.1913680782		ton/hr ( for one(1) train)





Reliquefaction system facilitie

		3.Result of BOG Calculation

		Maximum BOG is 1.33 ton/hr during ship unloading condition shown as

		following BOG calcualation Table B.

		Table B   Result of BOG Calculation

		Operation case		Quantity of BOG		Quantity without Vapor Return (*1)		Total BOG

		During Ship unloading condition		0.23		1.1		1.33

		During Ship loading condition		0.51		0.55		1.06

		During Normal condition		0.82		-		0.82

		Remark

		(*1)Without Vapor Return :Due to the thermal expansion through the

		vapor return line, 100% volume of cool gas in the tank equivalent

		to received liquid volume can not be returned to the ship. Certain

		percentage of the gas shall be treated by the BOG compressor.

		4.Capacity of reliquefaction system

		(1) Capacity of reliquefaction system is determined by maximum BOG

		shown in table B.

		1.33 / 0.614=		2.17		ton/hr

		2.17*1,000*127 =		275590		kcal/hr ( for one(1) train)

		Whereas;

		a)The requefied ethylene will be pressure relieved and expand

		prior to returning into the tank.  38.6% of reliquified ethylene

		will be vaporized and the remaining  61.4% will return into

		the tank as refrigerated liquid.

		b)127 kcal/hr is differential enthalpy (+ 70 degree to - 30 degree F.)

		Table C results of calculation for Possible Gas Receiving capacity from Olefin Plant

		Running of reliquefaction system		Flow Rate(*1)  (ton/h)		Flow Rate(*2)   (ton/h)		Flow Rate(*3)   (ton/h)

		Running of one(1) train		2.17		1.66		1.66

		Running of one(1) train		4.34		2.5		2.5

		Remarks

		(*1)Flow rate of Reliquefatioon System.

		(*2)Possible gas receiving capacity from Olefin Plant

		foe one(1) train: (0.82+X)/0.614 = 2.17, X= 2.17*0.614-0.82=ton/hr								0.51

		foe one(2) train: (0.82+X)/0.614 = 4.34, X= 4.34*0.614-0.82=ton/hr								1.84

		(3)Refrigeration load druing export service from Olefin plant

		LEG storage tank BOG

		Flow rate :1.66 ton/hr

		Temperature :  plus 70 degree to minus 30 degree

		Q1 = 127   (kcal/kg)  *  1,660   (kg/hr) =						210,820		kcal/hr

		Ethylene gas from Olefin plant

		Flow rate  : 0.51 ton/hr

		Temperature :  plus 40 degree to minus 30 degree

		Q2 = 110   (kcal/kg)  *  510   (kg/hr) =						56,100		kcal/hr

		Total refrigeration is shown below

		Q= Q1 + Q2 =210,820 + 56,100 =				266920		<280,000 kcal/hr
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		1.Design conditions

		a) Case of calculation：Ship unloading, Ship loading and Normal operation

		b) LEG unloading condition：800 ton/hr

		c) Liquid density：565 kg/m3

		d) Motor power of cargo pump：500 kW (assumed value)

		2.BOG calculation

		Shown in the Table A attached hereto.

		Table A Refrigeration load summary table

		Parts		Equipment or Piping		Heat Input (Kcal/Hr)						Notes

						Case 1		Case 2		Case 3

						Ship Unloading		Ship   Loading		Normal Operation

		LEG Ship (12,500m3 Class)		LEG ship piping		10,000		10,000		---

				Cargo pump		430,000		---		---		500kW

		Piping and Equipments		LEG unloading arm		42,900		42,900		---

				Piping around send-out pump		2,000		2,000		---

				LEG inlet piping		18,700		18,700		18,700

		LEG Storage Tank(12,500 T)		LEG tank heat input		61,400		61,400		61,400		BOR=0.08%/day

				Ship loading pump		---		165,200				192kW

		Others		Send-out pump minimum flow		12,900		---		12,900		16.5ton/hr*120m*1

				Differential head of inlet LEG		-10,000		29,000		---

				Differential saturated Enthalpy		-542,000		-271,000		---

		Total BOG		Total heat input		25,900		58,200		93,000

				Total BOG		230		510		820

		Remark

		(1)The LEG stroage tank shall be kept not less than 1,600 mmAg during ship unloading.

		The operation pressure of the LEG storage tank shall be 1,800+-200 mmAg

		(2)The ship  cargo tank shall be kept not less than 1,600 mmAg during ship loading.

		The operation pressure of the ship cargo tank shall be 1,800+-200 mmAg.

		(3)The reliquefaction system equippped with the ship shall be operated during the ship

		unloading and ship loading opeaion to absorb the heat being introduced into the ship

		cargo tank, if necessary.

		3.Result of BOG calculation

				Table B Summary of BOG calcualation

				Operation case		Quantity of vapor of no Return (*1)		Total BOG

				During Ship unloading condition		1.1		1.33

				During Ship loading condition		0.55		1.06

				During Normal condition		-		0.82

		Remark

		(*1)Vapor of no return :Due to the thermal expansion through the vapor return line,

		100% volume of cool gas in the tank equivalent to received liquid volume

		can not be returned to the ship. Certain percentage of the gas shall be treated

		by the BOG compressor.

		Maximum BOG is 1.33 ton/hr during ship unloading condition.

		(4)  capacity of BOG compressor

		1.33 / 0.614*0.55=		1.19






_1104218124.xls
BOG Compressor facilities

		1.BOG Compressor facilities

		1.Design conditions

		a) Case of calculation：LEG ship unloading case , ship loading case and Normal operation case

		b) LEG unloading condition：800 ton/hr

		c) Liquid density：565 kg/m3

		d) Motor power of cargo pump：500 kW (assumed value)

		2.BOG calculation

		Shown in the Table A attached hereto.

		Table A Refrigeration load summary table

		Parts		Equipment or Piping		Unit		Heat Input						Notes

								Case 1		Case 2		Case 3		Notes

								Ship Unloading		Ship    loading		Normal Operation

		LEG Ship      (12,500m3 Class)		LEG ship piping		Kcal/hr		10,000		10,000		---

				Cargo pump		kcal/hr		430,000		---		---		500kW

		Piping and Equipments		LEG unloading arm		kcal/hr		42,900		42,900		---

				Piping around send-out pump		kcal/hr		2,000		2,000		---

				LEG inlet piping		kcal/hr		18,700		18,700		18,700

		LEG Storage Tank  (12,500 ton)		LEG tank heat input		kcal/hr		61,400		61,400		61,400		BOR=0.08%/day

				Ship loading pump		kcal/hr		---		165,200				192kW

		Other		Send-out pump minimum flow		kcal/hr		12,900		---		12,900		16.5ton/hr*120m*1

				Differential head of inlet LEG		kcal/hr		-10,000		29,000		---

				Differential saturated Enthalpy		kcal/hr		-542,000		-271,000		---

		Total BOG		Total heat input		kcal/hr		25,900		58,200		93,000

				Total BOG		kg/hr		230		510		820

		Remark

		(1)The LEG stroage tank shall be kept not less than 1,600 mmAg during ship unloading condition

		The operation pressure of the LEG storage tank shall be 1,800+-200 mmAg

		(2)The ship  cargo tank shall be kept not less than 1,600 mmAg during ship loading condition.

		The operation pressure of the ship cargo tank shall be 1,800+-200 mmAg.

		(3)The reliquefaction system equippped with the ship shall be operated during the ship

		unloading and ship loading opeaion to absorb the heat being introduced into the ship

		cargo tank, if necessary.

		3.Result of BOG calculation

				Table B Summary of BOG calcualation

				Operation case		Quantity of BOG		Quantity of vapor of no Return (*1)		Total BOG

				During Ship unloading condition		0.23		1.1		1.33

				During Ship loading condition		0.51		0.55		1.06

				During Normal condition		0.82		-		0.82

		Remark

		(*1)Vapor of no return :Due to the thermal expansion through the vapor return line,

		100% volume of cool gas in the tank equivalent to received liquid volume

		can not be returned to the ship. Certain percentage of the gas shall be treated

		by the BOG compressor.

		Maximum BOG is 1.33 ton/hr during ship unloading condition.

		(4)  capacity of BOG compressor

		1.33 / 0.614*0.55=		1.19		ton/hr ( for one(1) train)





Reliquefaction system facilitie

				(2)Calculation for possible gas receiving capacuty from Olefin Plant

				Table C results of calculation for Possible Gas Receiving capacity from Olefin Plant

				Running of reliquefaction system		Flow Rate(*1)  (ton/h)		Flow Rate(*2)   (ton/h)		Flow Rate(*3)   (ton/h)

				Running of one(1) train		2.17		1.66		1.66

				Running of one(1) train		4.34		2.5		2.5

				Remarks

				(*1)Flow rate of Reliquefatioon System.

				(*2)Possible gas receiving capacity from Olefin Plant

				foe one train: (0.82+X)/0.614 = 2.17, X= 2.17*0.614-0.82=						0.51		ton/hr

				foe two train: (0.82+X)/0.614 = 4.34, X= 4.34*0.614-0.82=						1.84476		ton/hr

				(3)Refrigeration load druing export service from Olefin plant

				LEG storage tank BOG

				Flow rate :1.66 ton/hr

				Temperature :  plus 70 degree to minus 30 degree

				Q1 = 127   (kcal/kg)  *  1,660   (kg/hr) =						210,820		kcal/hr

				Ethylene gas from Olefin plant

				Flow rate  : 0.51 ton/hr

				Temperature :  plus 40 degree to minus 30 degree

				Q2 = 110   (kcal/kg)  *  510   (kg/hr) =						56,100		kcal/hr

				Total refrigeration is shown below

				Q= Q1 + Q2 =210,820 + 56,100 =				266920		<280,000 kcal/hr O.K.
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LEG Evaporator

		`

		1. Design condition

		a.Capacity :55 ton/hr

		2.Design pressure for LEG evaporator

				Consider the shut-off head of booster pump and the blow down

				ratio of relief valves as 7%, the design pressure for the LEG

				evaporator is decided as follows.

				Item name								pressure		Remark

												kg/cm2g

				P1 shut-off head of booster pump								70.18		Note 1

				P2 Pump accuracy								3.51		Note 2

				P3 Suction pressure								6.83		Note 3

				P4 Total (P4=P1+P2+P3)								80.52

				P5 Design pressure								86.58		Note 4

				Notes

				1)Shut-off head assumed 120% of rated head

				Shut-off head (P1)= 1.035*1.2=								1.242		m=kg/cm2g

				2)Pump accuracy is applied 5% due to API 1610

				3)Suction pressure is not sonsidered the pressuer loss of send-out piping

				4)design pressure is considered the blow down ratio of relief valves as 7%

				Design pressure (P5) = Total pressure (P4) /0.93

								=80.52/0.93

								=		86.5806451613		(87 kg/cm2g)

				Therefore, design pressure (P5) for LEG evaporator is determined 87 kg/cm2g

		3.calculation of required heat exchange

		a)Inlet conditions of evaporator

				Pressure :60.795 kg/cm2g

				Temperature :minus 104.5 degree

		b)outlet condition of evaporator

				Pressure :59.995 kg/cm2g

				temperature :minimum plus 10.0 degree

		c)Differential enthalpy (from Attachment#2)

				Delta H =81 kcal/kg

		d)Requires heat exchange

				Qreq = 81 (kcal/kg)*55000 (kg/hr)

				=		4455000		kcal/hr

		4.Calcualtion of inter-medium for LEG Evaporator

		Inter-medium for evaporator shall be used liquid propane.

		Condition of inter medium:

		a)Pressure :8 kg/cm2g

		b)Temperature :15 degree

		c)Differential enthalpy :82 kcal/kg

		Therefore, the required quantities of propane are calculated as follows:

		W = 4455000/82 = 54329.3 (54.4 ton/h)

		5.Calculation of steam for reboiler

		Inter-medium (Propanne) shall be heated by low pressure steam.

		Conditions of low pressure steam:

		a)Pressure : from 5 to 10 kg/cm2g

		b)Temperature : from 158 to 183 degree

		c)Differential enthalpy :478.181 kcal/kg (@10 kg/cm2g)

		The req'd quantities of low pressure steam are calculated as follows:

		W=4455000/478.181= 9316.56 (9.32 ton/h)

		6.Calculation of condensate facilities for Evaporator

		Capacity of condensate drum and pump is determined as following

		descriptions.

		a)Condensate drum

		A capacity of condensate  drum is decided with 0.5 hrs of the

		maximum low pressure steam flow rate

				V = 9.32 ton/hr * 0.5 hr =						4.66		(4.7 m3)

		b)A capacity of condensate pump is decided to have about 5 times

		capabilities of quantitiy of drum volume per one hour

				Q = 4.7 * 5= 23.5 (24 m3/hr)





attachment 1

		Calculation of chilling for inlet and send-out  piping

		1.Chilling for LEG inlet piping

		(1)Piping length of pping

				a)Inlet piping : 12" * 400 m

				b)Chilling piping : 1 1/2" * 400m

		(2)Heat input of pipingput

				a)Inlet piping : 46.55 kcal/mhrn (thickness of insulation is 100mm)

				b)Chilling piping : 18.14 kcal/mhr (thickness of insulation is 60mm)

		(3)Calculation of quantities for chilling

				H = 400 * (46.55 + 18.14) = 25876 kcal/hr

				Required flow rae if chilling is calculated as follows when the pressure of inlet

				piping is kept to be  3 kg/cm2g

				W=2876/10 =2587.6 (3 ton/hr)

				Where , 10 kcal/kg means the differential enthalpy which can be used utilized

				in order to keep cooling for piping with the dcondition that does not evaporate

				(Details showned in attachment 3)





attachment 2

		





Sheet3

		Calculation of thermodynamic property for Ethylene

		Thermodynamic property for Ethylene is calculated by KHI computer program

		The followings are shoen the results of calculation

				Pressure		Calculated enthalpy(kcal/kg)						Differential Enthaply

				(ata)		Liquid                        (at -104 degree C)		Vapor                             (at 5 degree C)		Vapor             (at 10 degree C)		at 5 degree C		at 10 degree C

				59.233		450.305		522.085		531.941		71.78		81.636

				61.028		450.347		521.612		530.373		70.265		80.026

				61.828		450.365		521.418		529.814		71.053		79.449

				62.328		450.377		521.301		529.496		70.924		79.119

				63.128		450.396		521.122		529.039		70.726		78.633
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NO1.2

				表一、芳二組NO.1/2 Parex合併計算之情形

						產量

				預估值(MT/year)		310,000.00

				預估值(LB/year)		683,426,000.00

		full paid royalty rate=(0.0000533*BLS+0.00467)														目前增桶費付至之磅數				噸

				增桶費付至(LB)=		517,210,183.00										NO.1		258605091.5		117302.5

				BLS=		399.2										NO.2		258605091.5		117302.5

				專利費率($/LB)=		0.02594736				57.2139288						total(lb)		517210183		234605

				1MT=2204.6LB												MT		234605

																		A

				預估值(MT/year)		專利費率($/LB)		預估值(LB/year)		增桶費付至(LB)		增桶量(LB)		增桶費($/Y)		增桶費($/MT)

		專利費率*1				0.02594736

		增加部份		20,000.00				44,092,000.00		517,210,183.00		44,092,000.00		1,144,071.00		57.20		AA

				280,000.00				617,288,000.00		517,210,183.00		100,077,817.00		2,596,755.15

		產量		310,000.00				683,426,000.00		517,210,183.00		166,215,817.00		4,312,861.64		57.20		AB

		專利費率*0.75				0.01946052

		產量		310,000.00				683,426,000.00		517,210,183.00		166,215,817.00		3,234,646.23				AC

		專利費率*1				0.02594736

				360,000.00				793,656,000.00		517,210,183.00		276,445,817.00		7,173,039.13		57.20		AD

		專利費率*0.5				0.01297368

		產量		360,000.00				793,656,000.00		517,210,183.00		276,445,817.00		3,586,519.57		28.60		AE

																		B

		專利費率*1				0.02594736

		產量		254,605.00				561,302,183.11		517,210,183.00		44,092,000.11		1,144,071.00

		專利費率*0.5				0.01297368

				274,605.00				605,394,183.22		517,210,183.00		88,184,000.22		1,144,071.00

		1.若增桶量20,000MT則須付增桶費為1,144,071美金(AA),即可達254,605MT增桶

		2.若增桶至310,000MT則須付增桶費為3234646.23美金(一次AC)若不是一次增桶則須付4312861.64美金(AB)

		3.若增桶至360,000MT(revamping design)則須付增桶費為3,586,519.57美金(一次AE)若不是一次增桶則須付7,173,039.13美金(AD)

		4				:表示由產量求增桶費;						:表示由增桶費預估產量

		5.依UOP90.10.01解釋超過量之部份小餘150,000,000磅，則royalty rate*1；大餘150,000,000小餘250,000,000磅時，則royalty rate*0.75，大餘250,000,000磅時，則royalty rate*0.5





NO1.2.3

				表三、NO.1/2/3 Parex合併計算之情形

						產量

				預估值(MT/year)		525,000.00										各工場增桶費付到磅數

				預估值(LB/year)		1,157,415,000.00										NO.1		258,605,091.50		117302.5

		full paid royalty rate=(0.0000533*BLS+0.00467)														NO.2		258,605,091.50		117302.5

				增桶費付至(LB)=		963,081,714.00										NO.3		445,871,531.00		202245.999727842

				BLS=		399.2										total(lb)		963,081,714.00		436850.999727842

				專利費率($/LB)=		0.02594736										MT		436,851.00

				1MT=2204.6LB																		本金+利息		利率		利息

																		A		1 YEAR		3,000,000.00		0.05		150000

				預估值(MT/year)		專利費率($/LB)		預估值(LB/year)		增桶費付至(LB)		增桶量(LB)		增桶費($/Y)		增桶費($/MT)				2		3,150,000.00				157500

		專利費率*1				0.02594736														3		3,307,500.00				165375

		增加部份		20,000.00				44,092,000.00		963,081,714.00		44,092,000.00		1,144,071.00		57.20				4		3,472,875.00				173643.75

		產量		520,000.00				1,146,392,000.00		963,081,714.00		183,310,286.00		4,756,417.98

		產量		525,000.00				1,157,415,000.00		963,081,714.00		194,333,286.00		5,042,435.73		57.20				5		3,646,518.75				182325.9375

				575,000.00				1,267,645,000.00		963,081,714.00		304,563,286.00		7,902,613.22		57.20				6		3,828,844.69				191442.234375

				625,000.00				1,377,875,000.00		963,081,714.00		414,793,286.00		10,762,790.72		57.20				7		4,020,286.92				201014.34609375

																				8		4,221,301.27				211065.063398437

		專利費率*0.75				0.01946052														9		4,432,366.33				221618.316568359

		產量		520,000.00				1,146,392,000.00		963,081,714.00		183,310,286.00		3,567,313.49

		產量		525,000.00				1,157,415,000.00		963,081,714.00		194,333,286.00		3,781,826.80		42.90				10		4,653,984.65				232699.232396777

																						4,886,683.88

		專利費率*0.5				0.01297368														10年後之利息		1,886,683.88

		產量		575,000.00				1,267,645,000.00		963,081,714.00		304,563,286.00		3,951,306.61		28.60

				625,000.00				1,377,875,000.00		963,081,714.00		414,793,286.00		5,381,395.36		28.60						本金+利息		利率		利息

																				1 YEAR		1,300,929.00		0.05		65046.45

																		B		2		1,365,975.45				68298.7725

		專利費率*1				0.02594736														3		1,434,274.22				71713.711125

		產量		479,593.10				1,057,310,953.51		963,081,714.00		94,229,239.51		2,445,000.00		57.20		BA		4		1,505,987.93				75299.39668125

				532,037.40				1,172,929,652.29		963,081,714.00		209,847,938.29		5,445,000.00		57.20		BB		5		1,581,287.33				79064.3665153125

		專利費率*0.75				0.01946052														6		1,660,351.70				83017.5848410781

				563,766.20				1,242,878,965.05		963,081,714.00		279,797,251.05		5,445,000.00		42.90				7		1,743,369.28				87168.464083132

				549,518.83				1,211,469,218.55		1,057,310,953.51		154,158,265.04		3,000,000.00		42.90		BC		8		1,830,537.75				91526.8872872886

		專利費率*0.5				0.01297368														9		1,922,064.63				96103.2316516531

				522,335.21				1,151,540,193.01		963,081,714.00		188,458,479.01		2,445,000.00		28.60				10		2,018,167.86				100908.393234236

				584,481.70				1,288,548,351.07		1,057,310,953.51		231,237,397.56		3,000,000.00		28.60		BD				2,119,076.26

				627,223.80				1,382,777,590.57		963,081,714.00		419,695,876.57		5,445,000.00		28.60		BE

																				10年後之利息		818,147.26

		1.目前簽約先付款244.5萬美金,則總增桶量可達479,593.1MT(BA),超過新的fully paid capacity再付300萬美金則可到584,481.7MT(BD),但新的fully paid capacity未說明多少?是否為new revamping design(26.5+18+18MT)

		2.若以其付款544.5萬美金估算則可達627,223.8MT(BE)與DESIGN62.5MT很接近,若以舊合約算為532,037.4MT(BB)

		3.右上表為先付244.5萬美金後與明年付1144071之差年利率表，10年後之利息818,147美金及300萬美金付款後之利息(景氣復甦時間長短之參考)

		4.此表為舊合約計算之結果:

								NO3		NO1.2				NO1/2/3

						達新DESIGN費用		3,589,751.58		2,596,755.15		6,186,506.73		24+28(MT)

						達新DESIGN費用		3,589,751.58		4,312,861.64		7,902,613.22		26.5+31(MT)		CASE 1

						達新DESIGN費用		3,589,751.58		7,173,039.13		10,762,790.72		26.5+36(MT)		CASE 2

						以下指一次增桶達到之費用

						達新DESIGN費用		3,589,751.58		2,596,755.15		6,186,506.73		24+28(MT)

						達新DESIGN費用		3,589,751.58		3,234,646.23		6,824,397.81		26.5+31(MT)		CASE 1

						達新DESIGN費用		3,589,751.58		3,586,519.57		7,176,271.15		26.5+36(MT)		CASE 2

		5.就3/4項之結論可知新合約比較有利請參考(假設舊和約最後UOP之解釋正確,若不是則舊合約較好)

		6				:表示由產量求增桶費;						:表示由增桶費預估產量

		7.依UOP90.10.01解釋舊合約超過量之部份小餘150,000,000磅，則royalty rate*1；大餘150,000,000小餘250,000,000磅時，則royalty rate*0.75，大餘250,000,000磅時，則royalty rate*0.5





增桶費

		表四、已付之增桶量

				NO.1 Parex		NO.2 Parex		NO.3 Parex

		已付增桶量		258,605,091.5磅		258,605,091.5磅		445,871,531磅





NO.3

				表二、芳三組NO.3 Parex合併計算之情形

						產量

				預估值(MT/year)		225,000.00

				預估值(LB/year)		496,035,000.00

		full paid royalty rate=(0.0000533*BLS+0.00467)

				增桶費付至(LB)=		445,871,531.00

				BLS=		399.2

				專利費率($/LB)=		0.02594736

				1MT=2204.6LB

																		A

				預估值(MT/year)		專利費率($/LB)		預估值(LB/year)		增桶費付至(LB)		增桶量(LB)		增桶費($/Y)		增桶費($/MT)

		專利費率*1				0.02594736

		增加部份		20,000.00				44,092,000.00		445,871,531.00		44,092,000.00		1,144,071.00		57.20		AA

		產量		225,000.00				496,035,000.00		445,871,531.00		50,163,469.00		1,301,609.59		57.20

				240,000.00				529,104,000.00		445,871,531.00		83,232,469.00		2,159,662.84

				265,000.00				584,219,000.00		445,871,531.00		138,347,469.00		3,589,751.58		57.20		AB

																		B

		專利費率*1				0.02594736

		產量		222,246.00				489,963,531.11		445,871,531.00		44,092,000.11		1,144,071.00		57.20

		專利費率*0.5				0.01297368

				242,246.00				534,055,531.22		445,871,531.00		88,184,000.22		1,144,071.00		28.60

		1.若增桶量20,000MT則須付增桶費為1,144,071(AA)美金,即可達222,246MT增桶

		2.若增桶至265,000MT(AB)則須付增桶費為3,589,751.58美金(revamping design)

		3				:表示由產量求增桶費;						:表示由增桶費預估產量

		4.依UOP90.10.01解釋超過量之部份小餘150,000,000磅，則royalty rate*1；大餘150,000,000小餘250,000,000磅時，則royalty rate*0.75，大餘250,000,000磅時，則royalty rate*0.5





CPC

		

				Calculaion for year 2003 addition royality fee according to new production plan

						Acquired fully paid license(until 2002)						2003		Addition Roality fee

				Unit : MT		NO.1		NO.2		Total		production plan		for 2003, US$

				No.2 Aromatic Section		117,281		117,281		234,562		152,988		0

				No.3 Aromatic Section						202,209		246,815		2,552,044

				Total						436,772		399,803		2,552,044

												44,605

				full paid royalty rate=(0.0000533*BLS+0.00467)

				BLS=      (1998年)		399.2

				專利費率($/LB)=		0.02594736

				專利費率($/MT)=		57.2139288

		(Remark :若增桶量為150,000,000~250,000,000，則增桶費以75折計)

		(Remark :若增桶量大於250,000,000，則增桶費以5折計)

		1998年UOP建議將三個工場合併之專利費計算方式

				增桶費付至(LB)=		NO.1		258,605,091.50		117,281

						NO.2		258,605,091.50		117,281

						NO.3		445,871,531.00		202,209

						TOTAL		963,081,714.00		436,772

		full paid royalty rate=(0.0001665*BLS+0.00467000)*0.5						須補交5,445,000US$

								(第一期先交2,445,000US$)





CPCUOP

						Acquired fully paid license(until 2002)

				Unit : MT		NO.1 Parex		NO.2 Parex		Total

				No.2 Aromatic Section                (No.1Parex&NO.2 Parex)		117,281		117,281		234,562

				No.3 Aromatic Section(No.3 Parex)						202,209

				Total						436,772

				Full paid royalty rate=(0.0000533*BLS+0.00467)

				BLS=      (1998年)		399.2

				BLS=      (2002年)		404.4

				1998專利費率($/LB)=		0.0259

				1998專利費率($/MT)=		57.2139

				2002專利費率($/LB)=		0.0262

				2002專利費率($/MT)=		57.8251

				Schedule B		Lb		MT		Pay to UOP

				aggregate operation		<150,000,000		68,027		100% royality

				aggregate operation		150,000,000-250,000,000		68,027 -113,379		75% royality

				aggregate operation		>250000000		>113,379		50% royality

				Comparision of Expenses of PX production in the basis of 50000 MT

				increasing (US$)

		1		Produced by No.3 Parex		2,891,253		(Additional running royality Pay to UOP)

				(In case Parex No.3 reaches 252,209MT)

		2		Produced by No.2 Parex

				Case.1 Change catalyst		1,000,000		(New Octafiner Catalyst expense)

				No.3 Parex shut down/start-up		176,209		(Takes 3 + 5 days)

				No.2 Parex start-up/shut down		114,699		(Take 5 + 3 days)

						1,290,908

				Case.2 Existing catalyst

				More Energy cost		930,500		(Energy consumption for 50000MT PX)

				No.3 Parex shut down/start-up		176,209		(Takes 3 + 5 days)

				No.2 Parex start-up/shut down		148,494		(Take 5 + 3 days)

						1,255,203



Consider only energy cost
59.59US$/MTPX  energy
 764      Mt PX/day
8 days
50%

Consider only energy cost
65.09US$/MT PX energy
 454      Mt PX/day
8 days
50%

86.41 US$/MT PX energy cost for No.2 parex
 59.59 US$/MT PX energy cost for No.3 parex

Consider only energy cost
86.41US$/MT PX energy
 454      Mt PX/day
8 days
50%

Consider only energy cost
61.34US$/MTPX  energy
 764      Mt PX/day
8 days
50%

New isomar Catalyst fee




_1104216166.xls
Design condition

				Design condition

				Thermal property of insulating and structural material

				Item		Thermal conductivity   (Kcal/mhOC)		Applied portion		Notes

				Perlite powder		0.0038+0.000118*T		Roof

				PUF		0.022		Side  wall

				Prestressed concrete		2		Side Wall

				Reinforced Concrete		2		Bottom Slab

				Perlite level concrete		0.17		Tank Bottom

				Cellular glass		0.04426+1.36*10 -4T - 3.008*10 -7T 2 – 3.353*10 -9 T 3 + 7.023*10 –12T 4 – 4.865*10 -14T 5		Tank bottom annual portion		HLB 1600 eq.

						0.03996+1.36*10 -4T - 3.008*10 -7T 2 – 3.353*10 -9 T 3 + 7.023*10 –12T4 – 4.865*10 -14T 5		Tank bottom center portion		HLB 800 eq.

				RC		2		Tank bottom annual portion

				T:temperature OC





Temp condition

		Temperature condition

		1.LEG temperature  -107OC

		2.Air Temperature 37OC

		3.Tank surface temperature

		Roof and the upper part of side wall (Sunny place)   55OC

		The lower part of side wall  (shade place) 37OC

		Temperature  of heater surface  16OC

		4.Boil-off rate calculation condition

		Allowable boil- coff rate not more than 0.08% of gross tank contents per day

		Gross tank contents =Pi/4*27.90*362=28398M3

		Specific gravity of LEG =565 kg/m3

		Latent heat of vaporization of LEG = 114.5 Kcal/kg

		5.Design conditions

		Inside diameter of outer container  38,450mm

		Average inside deameter of inner cntainer 36,028mm

		Averge side plate of thickness of inner container  14mm

		Insid readius of outer container 29,900mm

		Outside radius of inner container  28,808mm

		Average roof plate thickness of inner container 8mm

		Max design liquid height  27,900mm





HeatinputCalculation

		Heat input calculation

		1.Roof

		Calculation model

		Calculation formula

		Heat transmssion through the roof (kcal/h)

						QR= (Kp/t)*(To-Ti)*Ar

		Whereas :

				QR: Heat transmission through the roof(kcal/h)

				Kp:Thermal conductivity of perlite power

				=0.0038+0.000118*Tr=0.0038+0.000118*(-26)=0.035 Kcal/mhOC

				Tr: Average temperature of roof Tr = (T0+Ti)/2  = (55-107)/2 = - 26OC

				To:Roof outer surface temperature =55OC

				Ti:Roof inner surface temperature = -107OC

				t : Perlite power thickness = 1.092m

				Ar :Heat transmission area of roof part 1,227 m2

		Therefore

				QR= (0.035/1.091)*(55+107)*1227=6377 kcal/h





Side Wall

		Side Wall

		Calculation model

		Calculation formula

		Heat transmssion through the side (kcal/h)

						Qs= (Ks/(tc+tp))*(Ts-Ti)*As

		Whereas :

				QR: Heat transmission through the side wall(kcal/h)

				Ks:Generalized thermal conductivity

						Ks=((tc+tp)/(tc/Kc+tp/Kp))=((0.5+0.3)/(0.5/2+0.3/0.022))=0.058 kcal/mhOC

				Kc:Thermal conductivity of PC  concrete =2.0 kcal/mhOC

				Kp:Thermal conductivity of PUF =0.022 kcal/mhOC

				tc:Prestress  concrete thickness = 0.5m

				tp:PUF thickness = 0.3m

				Ts:Average temperature of side wall

						Ts=(Toh+Tol)/2=(55+37)/2 =46OC

				Toh:Higher side wall outer surface temperature =55OC

				Tol:Lower side wall outer surface temperature =37OC

				Ti:Side wall inner surface temperature =- 107OC

				Ar:Heat transmission area of side wall = 3788 m2

		Therefore

				Qs= (0.058/(0.5+0.3))*(46+107)*3788=41752kcal/h								42018.39		kcal/h





Bottom

		Bottom

		1.Heat input from peripheral part

		1.Calculation model

		2.Heat transmission area

				ABP= PI/4*(Dm 2-Dao 2)

				=PI/4*(37.224 2- 37.000 2)

				=		13.058157065		m2

		Whereas:

				ABP:Heat transmission area of bottom peripheral part(m2)

				Dm:logarithm mean diameter (37.224m)

				Dao:Outer diameter of annular part(=37.000m)

		3.Gereralized thermal conductivity

				KBP=((tp+tbs)/(tp/Kp+tbs/Kbs))=((0.2+0.2)/(0.2/0.022+0.2/2.0))= kcal/mhOC														0.0435212661		kcal/mhOC

		Whereas:

				KBP:Gereralized thermal conductivity (kcal/mhOC)

				Kp:Thermal conductivity of PUF =0.022 kcal/mhOC

				Kp:Thermal conductivity of bottom slab =2.0 kcal/mhOC

				tp:PUF thickness = 0.3m

				tbs:Bottom slab thickness = 0.2m

		Heat input

				QBP= (KBP/(tp+tc))*(Ts-Ti)*ABP

		Whereas :

				QBP:Heat input from bottom peripheralpart(kcal.h)

				Tb:Heater sufface temperature =16OC

				Ti:Temperature inside the tank = - 107OC

		Therefore

				QBP= (0.044/(0.2+0.2))*(16+107)*13=								175.89		kcal/h





Heat input from annual part

		Heat input from annual part

		1.Calculation model

		2.Heat transmission area

				ABP= PI/4*(Dm 2-Dao 2)

				=PI/4*(37.000 2- 33.900 2)

				=		172.622516525		m2

				Whereas:

				ABP:Heat transmission area of bottom annual part (m2)

				Dao:Outer diameter of annual part(=37.000m)

				Dai:Inner diameter of annual part(=3.900m)

		3.Gereralized thermal conductivity

				KBP=((lcb+lcg+lpc+lps)/(lcb/Kcb+lcg/Kcg+lpc/Kpc+lbc/Kbc))

				=		((0.5+0.1+0.2+0.2)/(0.5/2.0+0.1/0.0463+0.2/0.17+0.2/2.0))=												0.2712748817		kcal/mhOC

		Whereas:

				KBP:Gereralized thermal conductivity (kcal/mhOC)

				Kcb:Thermal conductivity of concrete block=2.0 kcal/mhOC

				Kcg:Thermal conductivity of cellular glass(HLB1600eq.)

				=		0.04426+1.36*10 -4T - 3.008*10 -7T 2 – 3.353*10 -9 T 3 + 7.023*10 –12T 4 – 4.865*10 -14T 5

				=		0.0463457726		(kcal/mhOC)

				T:Temperature fo cellular glass =16℃

				Kpc:Thermal conductivity of perlite concrete =0.17 kcal/mh℃

				Kpc:Thermal conductivity of bottom slab =2.0 kcal/mh℃

				lcb:Concrete block thickness =0.5 m

				lcg:Cellular glass thickness =0.1 m

				lpc:Perlite concrete thickness =0.2 m

				lbs:Bottom slab thickness =0.2 m

		4.Heat input

				QBA= (KBA/(lcb+lcg+lpc+lbs))*(Tb-Ti)*ABA

		Whereas:

				QBP:Heat input from bottom peripheral part (kcal/h)

				Tb:Heater surface temperature =16℃

				Ti:Temperature inside the tank =－107℃

		Therefore

				QBP= (0.271/(0.5+0.1+0.2+0.2))*(16+107)*173=										5766.609		kcal/h





Heat input from center part

		Heat input from center part

		1.Calculation model

		2.Heat transmission area

				ABC= (π/4)*Dai

				= (π/4)*33.9002

				=		172.622516525		m2

				Whereas:

				ABC:Heat transmission area of bottom center part (m2)

				Dai:Inner diameter of annual part(=33.900m)

		3.Gereralized thermal conductivity

				KBC=((lc+lcg+lpc+lbc)/(lc/Kb+lcg/Kcg+lpc/Kpc+lbc/Kbc))

				=		((0.1+0.5+0.2+0.2)/(0.1/2.0+0.5/0.0329+0.2/0.17+0.2/2.0))=												0.2712748817		kcal/mh℃

		Whereas:

				KBC:Gereralized thermal conductivity (kcal/mh℃)

				Kc:Thermal conductivity of concrete=2.0 kcal/mh℃

				Kcg:Thermal conductivity of cellular glass(HLB800eq.)

				=		0.03996+1.36*10 -4T - 3.008*10 -7T 2 – 3.353*10 -9 T 3 + 7.023*10 –12T 4 – 4.865*10 -14T 5

				=		0.0463457726		(kcal/mhOC)

				T:Temperature fo cellular glass =－50℃

				Kpc:Thermal conductivity of perlite concrete =0.17 kcal/mh℃

				Kbs:Thermal conductivity of bottom slab =2.0 kcal/mh℃

				lc:Concrete thickness =0.1 m

				lcg:Cellular glass thickness =0.5 m

				lpc:Perlite concrete thickness =0.2 m

				lbs:Bottom slab thickness =0.2 m

		4.Heat input

				QBC= (KBC/(lc+lcg+lpc+lbs))*(Tb-Ti)*ABC

		Whereas:

				QBP:Heat input from bottom center part (kcal/h)

				Tb:Heater surface temperature =16℃

				Ti:Temperature inside the tank =－107℃

		Therefore

				QBP= (0.061/(0.1+0.5+0.2+0.2))*(16+107)*903=										6775.209		kcal/h





Total heat input from bottom

		Total heat input from bottom

				QB= QBP+QBA+QBC

				= 176+5,767+6,775

				=		12718		kcal/h

		Total heat input

				Q= QR+QS+QB

				= 6,377+41,752+12,718

				=		60847		kcal/h





Calculation of Boil-off Rate

		1.Calculation formula

				Wd= (Q/qm)*24

				RBOG= (Wd/ρm*VG)*100 (%／day)

		Whereas:

				Wd:Boil-off weight of methane per day (kgf/day)

				qm:Latent heat of vaporization of LEG(=114.5kcal/kgf)

				RBOG:Boil-off rate per day(%/day)

				ρm:Specific gravity of LEG(=565kgf/m3)

				VG:Gross tank contents(=362*π/4*27.90=28,398m3)

		2.Numerical Calculation

				Wd= (60,847/114.5)*24

				=12,754kgf/day

				RBOG= (12,754/(565*28,398))*100

				=0.0795<0.080(%/day) O.K.
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LEG Evaporator

		1. Design condition: 55 ton/hr

		2.Design pressure for LEG evaporator

		Consider the shut-off head of booster pump and the blow down

		ratio of relief valves as 7%, the design pressure for the LEG

		Evaporator is decided as follows:

		Item name								Pressure		(kg/cm2g)		Remark

		P1 shut-off head of booster pump								70.18				Note 1

		P2 Pump accuracy								3.51				Note 2

		P3 Suction pressure								6.83				Note 3

		P4 Total (P4=P1+P2+P3)								80.52

		P5 Design pressure								86.58				Note 4

		Notes

		1)Shut-off head assumed 120% of rated head

		Shut-off head (P1)= 1.035*1.2=1.242kg/cm2g

		2)Pump accuracy is applied 5% due to API 1610

		3)To be not considered the pressure loss of send-out piping

		4)To be considered the blow down ratio of relief valves as 7%

		Design pressure (P5) = Total pressure (P4) /0.93= 80.52/0.93

						= 86.58065(87 kg/cm2g)

		Therefore, design pressure (P5) for LEG evaporator is  87 kg/cm2g

		3.Calculation of required heat exchange

		a)Inlet conditions of evaporator

				Pressure :60.795 kg/cm2g

				Temperature :minus 104.5 degree

		b)Outlet condition of evaporator

				Pressure :59.995 kg/cm2g

				temperature :minimum plus 10.0 degree

		c)Differential enthalpy (from Attachment#2)

				Delta H =81 kcal/kg

		d)Requires heat exchange

				Qreq = 81 (kcal/kg)*55000 (kg/hr)

				= 4455000				kcal/hr

		4.Calcualtion of inter-medium for LEG Evaporator

				Inter-medium for evaporator shall be used liquid propane

				Condition of inter medium

				a)Pressure :8 kg/cm2g

				b)Temperature :15 degree

				c)Differential enthalpy :82 kcal/kg

				Therefore, the required quantities of propane are calculated as follows

				W = 4455000/82 =						54329.2682926829		(54.4 ton/h)

		5.Calculation of steam for reboiler

				Inter-medium (Propanne) shall be heateed by low pressure steam

				Conditions of low pressure steam

				a)Pressure : from 5 to 10 kg/cm2g

				b)Temperature : from 158 to 183 degree

				c) Differential enthalpy :478.181 kcal/kg (@10 kg/cm2g)

				Therefore , the required quantieies of low pressure steam are calculated as follows

				W=4455000/478.181=						9316.5558648294		(9.32 ton/h)

		6.calculation of condensate facilities for evaporator

		Capacity of condensate drum and pump is deterined by folowing descriptions

				a)Condensate drum

				A capacity of condensate  drum is decided with 0.5 hrs of the maximum

				low pressure steam flow rate

				V = 9.32 ton/hr * 0.5 hr =						4.66		(4.7 m3)

				b)A capacity of condensate pump is decided to have about 5 times capabilities

				of quantitiy of drum volume per one hour

				Q = 4.7 * 5=				23.5		(24 m3/hr)





attachment 1

		Calculation of chilling for inlet and send-out  piping

		1.Chilling for LEG inlet piping

		(1)Piping length of pping

				a)Inlet piping : 12" * 400 m

				b)Chilling piping : 1 1/2" * 400m

		(2)Heat input of pipingput

				a)Inlet piping : 46.55 kcal/mhrn (thickness of insulation is 100mm)

				b)Chilling piping : 18.14 kcal/mhr (thickness of insulation is 60mm)

		(3)Calculation of quantities for chilling

				H = 400 * (46.55 + 18.14) = 25876 kcal/hr

				Required flow rae if chilling is calculated as follows when the pressure of inlet

				piping is kept to be  3 kg/cm2g

				W=2876/10 =2587.6 (3 ton/hr)

				Where , 10 kcal/kg means the differential enthalpy which can be used utilized

				in order to keep cooling for piping with the dcondition that does not evaporate

				(Details showned in attachment 3)





attachment 2

		





Sheet3

		Calculation of thermodynamic property for Ethylene

		Thermodynamic property for Ethylene is calculated by KHI computer program

		The followings are shoen the results of calculation

				Pressure		Calculated enthalpy(kcal/kg)						Differential Enthaply

				(ata)		Liquid                        (at -104 degree C)		Vapor                             (at 5 degree C)		Vapor             (at 10 degree C)		at 5 degree C		at 10 degree C

				59.233		450.305		522.085		531.941		71.78		81.636

				61.028		450.347		521.612		530.373		70.265		80.026

				61.828		450.365		521.418		529.814		71.053		79.449

				62.328		450.377		521.301		529.496		70.924		79.119

				63.128		450.396		521.122		529.039		70.726		78.633






