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PROCESS DEVELOPM~T STUDY NO. 15 

L Introduction 

In the feasibility study, the mixed C 2 gas sT_weam (Ethane-ethylene 

mixture) recovered from the processing of the Synthol plant tail gas 

was treated in an Ethylene Plant to produce polymer-grade ethylene. 

The presenl s~cudy considers the sale of the mixed C 2 stream without 

additional processing. 

The process description for the production and supp_ly of the mixed 

C 2 stream is ~;iven i n  this report. The capital a n d  opezaT.ing cos'c 

estimates for the sale of m.i.xed C 2 s~ceam uum%oaxed t o  the sale of 

polymer-grade ethylene are also reported. 

su~r~ 

Two cases are considered and ccapared for evaluation. 

Case I - In this case, ethylene is made in the plant froa the mixed 

C 2 stream. 

f 

Th is  case was used for the g e a s i b i l i E y  s tudy .  Polymer gra~e 

e thy lene  is produced in the Ethylene P lan t  (~it 24) by p ro -  

cess ing the mixed C 2 gas recovered in t h e  C 2 r e ¢ o v e z ~  plant 

(01~1: 23). 
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Case 1 is shown sch .ematically below : 

Synthol plant---~ C recovery plant 
2 (Unit 23) 

H 2 rich gas 
+ 

Methane rich gas 
+ 

Mixed C 2 stream ~ Ethylene Plant 
(Unit 24) 

÷ 
C3+ product Ethylene product 

÷ 

C3 + product 

+ 

. H 2 / CH 4 gas 

Case 2 - For this case the Ethylene Plaint (Unit 24) is deleted. The 

remaining ~its are similar to Case I. The C 2 recovery unit 

(Unit 23) will produce a mixed C 2 stream (ethylene/e~ne) 

along with the other products: methane rich gas, H 2 rich gas, 

and C3+ product. The mixed C 2 stream will be marketed from 

the plant as such, probably to an existing ethylene produ=er. 

Case 2 is shown schematically below: 

Synthol plant tail gas--~ C 2 recovery plant 
(~Init 23) 

H 2 rich gas 
+ 

Methane rich gas 
+ 

Mixed C 2 stream ~ To S a l e s  
÷ 

C3+ product 
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The flow schemes for the t~o cases show that the pz~-esslng is identica~ 

for the treatment of the Synthol plant tail gas. The only G/fference 

lies in the further processing of the mixed C 2 stream. In Case 2, the 

mixed C 2 s - t r e a B  is sold without upgrading, while for Case 1 this s1=rean 

is upgraded and s o l d  as polymer-grade eT_~ylene. This Eep~ indicates 

t h e  o u t l i n e s  o f  t h e  p ~ o c e s s  f o r  t h e  r e c o v e r y  o f  ~ i ~ e d  C 2 s ~ e ~ m  a n d  

e ~ p h a s i z e s  t h e  i n c r e m e n t a l  c o s t s  n e e d e d  f o r  C a s e  1 o v e r  C a s e  2 .  

III. Process Description 

The recovery of the mixed C 2 stream from the Synthol plant tail gas is 

~mon to both Case 1 and Case 2 and the pE~ess is briefly outlined 

below. 

The SynThol plant tail gas is first treated for the removal of CO 2. Th/s 

may be done by scrubbing the gas in a CO 2 absorber with activated potas- 

sign carbonate solution or any other ~ui~ble solvent. The removal of 

CO 2 is necessary to avoid any CO 2 freezing at the low temperatures at 

which the gas is treated later in the process. The C02-f.-~e gas is 

pressed and chilled to a temperature above the hydrate forEation tx~perature. 

The separated water will be removed and the condensed hydrocarbon streIB 

will be fed t o  t h e  oil workup facilities. The gas is then dried by passing 

it ~hrough a desic=ant dryer. 

The dry gas will be treated in the C 2 re.very se~.ion to pr~uce 

various products: Methane rich gas, hydrc~en rich gas, C3+ liquid prods-t, 

and mixed C 2 gas. 
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The dew point for the mixed C gas is -15 ° at 200 psig. As the pressure 
2 

increases, the dew point will rise. At 380 psig, the dew Point is 23°F. 

The pipeline supply pressure mus~ be carefully studied to assure no 

=ondensation of C2's in the line. The design of the m/xed C 2 delivery 

system can be done only in consideration of the conditions of supply 

and ~he location where the supply is to be effected. 

IV. 

The pro=ess design of the Ethylene Plant used for Case 1 will be hesed 

on a conventional ethylene recovery system with steam crac~king the 

ethane. The process description for the Ethylene Plant was included in 

the feasibility study. 

Comparative data for Sale of Mixed C 2 

A. Product 

Stream and Ethylene 

Table 1 shows the product quantity and battery limit conditions 

for both cases. 

TABLE 1 

PRODUCT QUANTITY AND CONDITIONS 

Case 1 

Product Ethylene 

Qua~tity 40,055 ibs/hr. 

Pressure 435 psig 

Temperature 85 ° F 

Case 2 

Mixed C 2 S~ream 

51,606 Ibs/hr. 

350 psig 

Saturation 
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B. B~-Products 

The by-products end other pro4ucts obtained from C 2 recovery unit 

(Unit 23) are ~he saRe for both Case 1 and Case 2. For Case I, 

additional hT-produc~s will be obtained frcB the ethylene plant, 

quantities are shown in Table 2. These by-produc~s will be added to 

the feea to the oil workup units. Table 3 gives a listing of sale- 

able products and their produc~io~ rates for both cases. 

BY-PRODOCTS FROM ~ E  PLANT 

i ~ u c C  ~.w.n'~'~ 1, l.b/i'= D£sposiCion 

Propane  263 LPG 

Propylene 3,315 Converted to Jet Fuel 

C4's 112 Added to Gasoline 

C5+ 38 Adae~ t o  Gasoline 

H2/CH 4 gas 1,956 SNG 
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TAELE 3 

TOTAL PRODUCTS FROM THE PLANT WITH 

CA6E 1 AND CASE 2 

PRODOCT CASE i, Ib/hr. CASE 2, Ib/hr. 

Er_hyle=te* 40,055 - 

Mixed C 2 Gas* - 51,606 

LPG* 8,900 8,637 

Gasoline* 178,003 177,853 

Jet l~el* 52,289 48,974 

Diesel (Grade I-D) 39,087 39,087 

Diesel (Grade 2-I)) 3,2S9 3,259 

MediumPuel Oil 6,598 6,598 

SNG* 156 MMSCFD ISSMMSCFD 

~onia 18,125 18,125 

Sulfur 47,125 47,125 

Heavy Creosote 14,678 14,678 

Medium Creosote 18,995 18,995 

Phenol 3,709 3,709 

Cresols 4,534 4,534 

Ethanol 10,704 10,704 

Propa~ol 3,087 3,087 

Butanol 1,605 1,605 

Pen~anol and 
Higher Alcohols 1,530 1,530 

Ace1:ozle 4,749 4,749 

Methyl Ethyl Ketone 1,551 1,551 

Higher Ketones 60 60 

Notes: 
i) 
Z) 

* Z n c l i c a t e s  p r o d u ~  r a ~ : e s  ~ h a t  a r e  d i f f e r e n ~  f o r  C a s e  1 a n d  C a s e  2o 
Y £ e l d s  &l~e shown o n  a s t r e a m  d a y  ~ s : ; . s .  To c o n v e r t  ~ r . . a l e n d ~  
clay b a s i s ,  , - , , l t £ p l y  b y  3 4 0 / 3 6 5 .  
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C. U t i l i t i e s  Consm~tAon  and GenezatAon 

The d e l e t i o n  o f  t h e  e t h y l e n e  p l a n t  ha s  a m i n o r  egfec~c on t h e  

facility utility costs. The c~nsu~ption and ~uct/on of 

utilities are shown on Tables 4 and 5. The dollar values assigned 

to these utilities are ~m~rent estimates -,-de for the Tri-State 

project. 
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TRBLE 4 

UTZLZTIES CCNSUMED ZN ETHYLENE 

Annual Cos'c. * $ 

I. Fuel Gas** $ 6,813,600 

167 P~4 Btu/hx. (~V) 
@ $5/MM Btu 

2. KP BFW 58,929 

61,410 ibs/hr. 
@ $0.98/M gal .  

3. Coolin 9 Water (cir=ulated) 546,637 

21066 ~pm 
@ $0.53/M gal. 

4. HP Steam (600 psig) 173,839 

6555 l b s / h r .  
@ $3.25/M lb .  

5. LP Steam (120 psig) 7,317 

366 l~s/hr. 
@ $2.45/M ~. 

6. Electric Power 403,920 

900 KW 
@ $0.055/Kwh 

Total Utility Cost $ 8,004,242 

t @ 340 days full pzo~ucT/on ~,,,~11y 

**Znternally produced in the Ethylene Plant and not 
o b t a i n a ~ ,  from an outside source (see also Table 5). 
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~ 5  

A n n u a l  Cost, " ($) 

i. Fuel Gas (produced and cons1~ed** 
in cracking furnace) 
HHV 167 MM Bt-u/Hr. @ 5/~ Btu 

$ 6,813,600 

. HP Steam (600 psig) 
56339 ibs/hr. 
@ $3.25/M Ibs. 

$ 1,494,110 

$ 8,307,710 

* @340 days full production annually 

** Consumed in Ethylene Plant (See Table 4) 

-9- 

l 



D. 

E. 

Capital Cost [Plant Sales price) 

The estimated capital cost (plant sales price) of the Ethylene Plant 

(Unit 24) is 112.5 million doll~Ts (Jan. 1980 ~ollars). This ~s the 

incremental capital cost ~plant sales price) needed for Case 1 with 

ethylene production over Case 2 for sale of the mixed C 2 stream. 

Plant 0perating Cost 

The annual operating cost, excluding the cost of feed gas for the 

Ethylene Plan~, is given in Table 6. The gross operating cost has 

been estimated to be 3.57 million dollars. 

This is the incremental operating cost for Case 1 (Ethylene) over 

Case 2 (Mixed C 2 Stream). 

The ~a~ive da~a between Case I and Case 2 are sm~Tizea in 

Table 7. 

v. Conclusion 

With the sale of M/xed C 2 stream (Case 2), the Ethylene Plant would be 

deleted with a s a v i n g  i n  plant capi~l cost (plan~ sales price) of 

112.5 million dollars (Jan. ' 80 cost). 

The marketability and price of ~he m/xe~ C 2 stre am at the specific plant 

site ¢~mpare~ to those of the polymer-g~ade ethylene will determine the 

cost economics for sale of the mixed C 2 stream in comparison ~rith the 

production and sale of ethylene. 
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TABI~ 6 

OPerATING COST FOR ~ E  PLANT 

(Excluding Cost of Feed) 

X n n , a l  Cos t .  C $) 

Process Operat/ng Labor 
(i0 persons @ $29K avg. per year) 

Supervision 
(@ 20~ of process operating labor) 

Operating Supplies 
(@ 30% of process operating labor) 

CaTalysts and Chemica ls  

Utilities Conswned 

Maintenance Cost 
(@ 3% of capiT~Ll COSt) 

Gross Operating Cost $ 

$ 290,000 

58,000 

87.000 

65.000 

(303.468)*  

3r375~000 

3,571,532 

* C r e d i t  fo-- uT_ili~ies produced in Ethylene Plant 
over utillt/es consumed CTables 4 & 5). 
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Products: 

TABLE 7 

COMPARISON OF DA~% FOR CASE I AND CASE 2 

Case 1 - 40,055 1~s/hr. of ethylene 

Case 2 - 51,606 ibs/hr, of mixed C 2 stream 

Incremental Capital Cost 

Case 1 

(Ethylene) 

$ I12.5MM 

Case 2 

(Mixed C 2 Stream) 

Base 

Incremental Annual Operating 
Cost (Gross) 

$ 3°6MM Base 

• ncremen~al Annual Yield of 
Other Products: 

LPG 

Jet Fuel 

Gasoline 

SNG 

1073 Tons 

13525 Tons 

612 Tons 

IMM SCFD 

Base 

Base 

Base 

Base 

Note: 

I) Data for Case 2 are T~ken as ~ase, area incremental 
values of Case 1 are given. 
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TRI-$TATE $YNFUELS COM 
Indirect Coal Liquefaction Plant 
Western Kentucky 

• FLUOR INEERS AND CONSTRUCTORS, INC. 
Contract 835S04 

April 15, 1981 

PROCESS STDDY 

PRODUCTION OF ~E/ETHANE CRUDE 
STREAM FOR DIRECT ~ I N G  

1.0 G~ERAL 

This study will provide economics for produ~ion of an ethylene/eThane 
stream for direct mazke~ing. 

2.0 WORK DEFINITZON 

2.1 Delete ethylene plant from the feasibili~ study. 

2.2 Add storage for eThylene/ethane crude stream in the tank farm a2ea. 

2.3 Tri-State Synfuels T~ provide Fluor wiTh requ/rements for storage 
volu~es for the ethylene/ethane s~ream. 

2.4 Redo plant mass balances. 

2.5 Adjust capital cost ~stimate. 

2.6 Redo The operat.ing oosts. 

3.0 DELIVERABLE TO TRI-STATE 

A formal report that oonta/ns The following: 

3.1 OperaT/ng cost estimate. 

3.2 Capital cost est/mate. 

3.3 Block Flow Diagram, material kmlance and process description. 

4.0 SCHEDULE 

It is estimated that The above work will be ~cznpleted 8 weeks after The 
work is started by Fluor. 
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