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Energy Izput ings ¢he Syathesis (Key 1944) (Total Synthesis)
&) Erergy Iupuk |
1), - Coke

For 1 m3 synthosis gae with 83,54 actives 22,207,400 = -
| 48,860,660

0.6673 kg. crude coits with 5.,8‘}’9 water and 8,455 agh have heen used
which with a heating value of pure ecke = %o 8,000 keal/ke. corrasponds

to
0.6873 x 6,060 = 4,75 k:c.;.a,m3 aynthea:ls gan
71 o dzs-&é-zg = 540 6%
4,716
computed ¢o ideal gz= '
4,715 o 5,647 keal/nn® ideal gas
Og 855 )
1 nm® ideal ges produces 137,53 & total products,

L kg of total producte require therefore

5,647 = . 41,129 keal/kg total products
0,1573



% -  gemts
2). Electric Fower | |
Comsumed of the 2dditlonslly added enexsy
6,904,120 loch, which were-obbainad with a coal cox;smzpuén cf
8.7 Xg/lwh. (wppor hoat Felus of cosl = 6,500 keal/ie)
5,904,120 x 0.7 x 6,500 =  &,415,750,000 keal vere Teguired,

' _ %j;-:&%%ﬁ@ = - B, u42 }cal/l:g tetal -oroances

7

3). "Steam {18 atm)

'15,935 te high pressurc stean were used with a heat contemt ,
of 1 = 746 kealfkg (16.5 atn, 340°0). |

.Only the ’ﬂeat content (heat loss) come into consideration
bscanse whon the steam requirenente and consumption aro bvalanced there

ronaing an exztess on the credid side of the steanm o'btainecu

15,937,000 = 746 = 11,889,000,000 kcal., or
13:882.000.000 < 2,213 keal/is total pro@ucie
b; S?NQ 3}.& - AN

4). Accordiasly tousl heat comvwsrsion

1) Cokz ' 41,129 keal/lig to%al prod, 83,67
2) Hlestric Fower §,842 ® 1 u 11.8%
3) Stesm 2,211 ¢ & 4 % 4,6%

49,182 100.0%

-



B). Enecrgy tsken ovay
1), Off zav; after the ues in the finel purification (1,282,000 nud)
131,760,890 223 romain availsble, with 2,225 ‘tcal/m3 26,146,720,000 kcal.

25,145,220,000 - 4,852 kealfkg total products
8, 377,310 ' '

2y, Middle Prasms Stean (9 atm)
Available 4- ’?3.1 000 kg at 653 kcal/::g = -.,123 200,000 kcel sr

3:.422.400.000 581 keal/ke total products
6,377,310

3). Iow Pressure Steam (2.5 atm) | _
Avallable 18,322,000 kg, at 652 koalfkg = 11,962, 600,000 keal or
ll@-ﬁﬁ&.ﬁﬂﬂgﬁﬂﬂ = 2,223 keasl [kg total products |
5,277, 210 _
3). Accordingly total enerzy i:akén cut
1). Off gas 4,862 kcel/kg total products = 9.9%

2). Stean 2,804 * @ ® "= 5,7h
2). Conversion 41,516 't ¥ L
: 49,183 ®n *  100.00%

€). Ssoific Coko Conmumpiion
& g8

Beenlevlated to a coke of 8,000 kool /kg pure coke will figure
to a conversion of %g%g = 5.19 kg pure coke/kg totel producis
4
or 5,19 x 2eilZ810 5.66 kg pure coke/kg liquid products.
4,941,980 ,

D). Direct Measurements

The following values have beem calculated from the coke actually

pat in . ” ' :
Raw coke input = 32,207,400 kg (5:8% water + 8.45% ash) =



o _ . T-419
32,207,400 x 0.8575 = 27,617,850 kg purs coke or-

27,617,880 " . .
5, 577, 210 = 5.14 kg pure coke/kg total products

22.61%2. 850 s * B.59 kz pure coke/ks 1i d »vod
4,943,980 &P o / < quid products

B). Accurscgy
The valuss Ohtained from direct measursnonts differ vtherefore

from the calcalated valuse by

ié&lé.:g%gl,z_lgg =" sQ&g»fngﬂ = gbout = 1,04, or

Ayisese - gngg). x 100 _ 30__,_9_% . B;L_gg_ = about 1,14

. Conversion Efficiency
| The preducts formed conszisted of
108 zcal . %
2.3 = 1,090,290 kg paraffin x 11,000 = 11,992.2 = 19.8
41,07 = 2,208,470 kg oil 2 11,200 = 21,701,3 = 40;3
0.6% = 1,046,220 kg gascline x 11,400 = 18,756.9 = 21.0

B.1% = 43580 kg gasel  x 11,800 = 5,1%6.9 = 8.4
100.0%= 5,377,810 ks todal prod.xil,280= 60,598.3 = 100,0%

Hanl Balanes

Inmus keal fkig otal product %
Coke 41,129 = 83.8
Pover 5,842 = 11.9
Steanm 2,211 = 4.5

Total 49,182 = 100.00%
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Outpat keal/kg %otal product 4
Production . 11,280 - = 5.0 7§
Y gas 4,862 = 9,9
Stoam i 2,904 = 5.3
" Losses | | 20, 236 T s 615 o
= v100,5¥ . o

_ Total ‘ 49,182

W= 23% or gg,g%g = 27.5% of the heat of coke brovght in,

Bahrchenis A.G. ‘ S
Division of Technical Supervision , Oberhanssn — Holten

Inergy Input .‘mto the &mtheais {Mey 19A4)
: Yormal Pressaure mthesia

4). Hnersy Input ‘ |
'1). Coke (v total sathesis) = 5,647 keal/m® 1deal gas

1 1deal gas produces 129.6 & $otal products

647 : ’ 43,573 kca.‘l/kg total prozkotion A

0. 1296 ,
2). Power

Supplied 434,060 kvih =
43A,060 ¢ O7 x 6,800 = 1,975,000,0C0 keal, or

1.975.000.000 = 1,306 kesl/lg total pro&uction
1,511,880 |

3). High Fressure Steam (18 atm) '

Consumption 4,247 te © 4=746 keal/ke
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3, 242,900,000
T,511,880

© 2,145 keallkg total vroduct

4), Accordingly, the enersy imput ‘
keal/kg totsl product £ \

' Coke . ' . 43,573 92.5

Fower o T 1,36~ 28
Steam 5 . 2245 _4&6
Totad . . amo0m - 100,05

‘B), Enerey cwr.‘ei s : , S
1), The off gas, 4,448, 700 2u® with 2.2?0 ) soalfm = N
= 10 189,‘:»50 000 keal, =0 that af.ter ‘.she adsornticn t'mring
the final parificatica (0 321,232,010 x 2,225 = 822 350 000 kcal),

9,367,000,000 %ecal remoin a?ailanle, or R R

9,367, OOO 2000
1, 511 880

= 6@1.6 kcal/’ko total’ prodpction.'
2). Middle Pressure Steam (9 atm) _
Brcess = 1,A14 t8 ) 1 = ess L.calikg

937,480,000 . \ ‘ o
1"‘5"3‘_1'8‘380 » s 620 }'cal/kg total producta T

2). Low Pregsure Stesm (2.5 atm)

xcess = 5,056 te 1 = 652 keolfkg
3,202.400.000 1eoal fice total Produe:
1 611,680 = 2,184 kealfkg total pxo&ucaiqg .

4)., Tnergy Productisn

keal/kg total production 4

1). Cff gas * 6,186 C 13.2
2). Steen 2, 8C4 6.0
3). Conversion 38,024 - _80.8

Total . . 47,024 " 100,0



C). Specifis Coke Consumption
Tals

.

of 8,000 keel/ke

28,094

—

8,000

- 1,511,880
0 - 5 B R rdoa ¥ A
T AT X s 760

D). Dircet Messurenent

Pore Coke convarsicn =

E).

Lesurecy

T-413

1z represents o convcrsion, sfter recelenlatisn to yure coxa

4,78 ¥z pure coke/kg
totel products

-—
=

= 5.25 kg pure coke/kg
"~ ligvid producis

8,517,850 kg, corresponding %o

= 5,64 kg pure coke/ke
total production

= 6,23 kg pure coke/kg
lignid prodncts

The dirsct¢ moasurenment values differ from calculated values by

{5,64 = 4,75) = 100 _ 0.89 = 10 ,
{6,223 - 5.26) x 100 0,97 x 100
= W 2 = 4+ 18,9
5,25 5.25 18, 5%
). fomversion Efficiency
The »rsducts consistzd of g
| 107 keal %
% oil = i kg x 11,200 ,
80, 4 1,366,730 = 15,444.3 = 80,0
4 gasoline o kg x 11,400
9.6 gagol = 125,130 kg 521,800 = 1.71.2,6 = 19.0
100% Total Prod., = 1,511,880 gz 12 .30 = 17,166,.8 = 100.0
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HBeat RBalonoe

Input ' keol fkg 4otal prod, 4
Cole . : 43, 573 82.6
Poyer 1,306 2.8
Stean | 2,145 4.6
Total ' 47,024 - 100.0
Carried out
Produciion . - 11,5380 21.1% = T
Off gos | 6,196 13.2
Stean ’ 2,804 . 8.0
Loas 26,674 ' 56.7
Totel : : _
47,024 100.0

;'L = 24,1%, or 52%%5 = 26% of tho heant of coke introduced.
Ruhrchenis 4. G. ‘ o Oberhausen-Holtsn
Division cf Technical Supervieion . 6/22/44

Inergy inpat of the Syutheosia {May 1944)
Pressuvre Synthesis .

L), Raergy Ispus

1)..1 Colre { v %0tz) synthecis) B, 647 kcal/mnz ideal gaa
!
1 nms ideal goo produced 140.8 g totel product, or 1 kg total products

raquire

2847

1408

il

40,164 keal/ks total product

Qlen
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654’.70,,060 kvh wers consumed, end with a ceal censumption
of 0.7 ksfkwh (hesting valve = 6,500 keal/kg of coal),

8,470,060 z 0,7 x 6,500 = 29,438,770,000 keal have been requived, or

2ABIR00 7,616 keslfleg total products

3}. Steam (18 atm)

Consumption 11,590,000 kg - 4 = 745 kcalf/kg

11,500,000 x 746 =  8,616,000,000 keal, or

8, 646,000,000 - - ’ S

BEAL IR LA = : 2,236 Reoal total prod- L
3,865,450 s P v.c'ct«.tm{J L

4). Accordingly, emergy input
Kcalflg total products %

i

1). Ceke | 40,164 80.3
o). Power - 7,616 16,2
3). Steam 238 4.5

Total ; 50,016 100.0

" B}, ZIncrgy carried cut
The residual gas, 7,274,000 mad with 2,270 keal/nm® contained
16,512,000, 000 keal, and ofter using uwp in the final &as purification-
(0.7 x 1,232,000 x 2,225 = 1,918,800,000 keal). There rexzined available

14,592, 200,000 keal, op

4. 592, 200,000

3865, 470 3,776 keel/kg total production
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2). Mlddle Pressure Steam ( 9 atm) '

Avellable 3,207 | 1 = 663 keal ks
3~r~"5 ~300,000 :._-.‘ _ 566 cal/’hv total product

2, 865,430

3). Low Pres%.re Steam (2.5 atm)

Aratlable 15,266 te ot 'ﬂeaz' 'kcea/kg .
- B,649,400,000 - e
3.865.450 E ‘ 2,2& kcal/kg tota.l production e

~

4). Accordingly, tatal eneragy carried. ont ‘ e
| | kcal/kg total pred:a.cts -4

‘1), Off gas - ogme . me

2. Steam 84 5.6

3. Convorston ' 4343 . egs
Total - - 70,008 100 0 o

@), Speeific Coke Conmumption

Recaleulated to pure ooks with 8,000 keal fig indicstos & conversion of
43,437 - _ 2,868,
§.000 ~ 5.43 kg of pure coka/ks tobal products, or 543 x 3&-5-52 % =

= 5,87 kg pare cokelkg 1iquid products

D). Direct Measurements:

‘ > 617,650 ¢ 32.582,700 _ . i
Pure coke conversion 27,617,850 x Z§f860:550 = 18,100,000 kg

19,100,000 ‘ , - o | .
3,865,430 1,94 kg pure coke/kg total products ‘

19,100,000 . A
3,676,250 =  ©5-34 kg pure coke/kg 1iquid products.
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Ths direct messurenent values differ from celculated veluass by

(5&43 il 4094} 199

(5 87 - 5L34) 100

 F). Conversion Efficleacy

«o,ﬁgg % 100

 The product formed consisted of

‘ 28.275 paraffin = 1, 090,290 kg x 11,000 = 11, 99;.2
: - oil

64.3

. gasoline

7.5 gosol

2,484,940

100.0 total prod.=3,865,420 kg x 11,260 =

 Heat Balance

Input
Coke
FPower

Steam

Total

.Carri ed. out

Produnction

Off gas
Steam

Lossei
Total

WY = =9,0%
0,53 100 . .9 of
5.8 = ~9.00
105 keal
kg x 11,200 -
" e 28,079.8
xg x 11,400
kz x 11 800 = 3 4244
43,457, 4

kcal[kg total product

40164'

v 616
2, 235

50,018

11,280
3,775
2,804

22,177
50,016

N

I
= 27¢6 N

#

= 645

= 7.9
= 100.0 -

22.6 = 'Q
7.6
5.6

64,3
100.0



0 125 of the totzl heat conversion,

purely economlc. standpoint it represents & pure loss,

i

Q&Ou

_' A). Haat Balanca

b Inm:.tu .
o Coke -

-"i’otéf’ C~

Qtea:n

Ca.rri ed 01:{;‘

Prc&mtton o

0ff gas
 Steam

Logsas -

N\ = 2.2.5% or 22,5 = %% of ‘the heat of coke.,

'Sga.'nmary

- Nermel Pressure synth.
92.6 ~ 100.0

2,8 e e ;

28,1 - 26,0

» 0 ‘.1352 14& 3
U 6.0~ 6.5

" B6.7 = B3.2

Specific Ccke Conswnp ﬁion

From tha haat balance4.'?5

s Direct L.eaaurements 5.64

I)ifference,

4

+18,7

. 80.31- 100 6

D-£19

P?EE-S'J._PG gyathe

~

4,E = -

228 - st.o'

76 - 9.5 ';1; v

5.6~ 7.0

64.3 = 55,5

| B.43
4,95

: 83,6 ~100,0

© 61,8 - 54,0

Totel Synth,

9.9 11 8
5*-'5, - 5'.7

519

B4

R N

The work of compreseion in the pmsmra syﬂthaeis emcunts thereforo

1% can not be recovered, and from a

This is thé Tesson

for a higher raw coke consumption in the heat balance of the pressure

gynthesis than in the low pressure gyntheals.



\ , . . ) -

Fnergy Balance ow.mwsawamum T-419_
T (Mo 1944)
S . Production
Prodnction T -
LN 8268 S s a0 1%
// ;
/

i
losses. m e i c v
3 ' ™, Nm. m./ 4 .
8557 N\ ' | G.803" B wmwnwma

Steam 5,65 , : o A
. . I : - “ 4 . Bteam 6.0%
Off Gas 7.6% ' . . T JENUSE
_ L - ,  Off gas 13,28 |
| | |

, : . o
[ | N : i

m
|
|

Prossure Synthesis [ ..  ormal Synthesis
_100.0% SR | 100.0%

- \.~ R 1 : meoneu»o Pomwer -~
Electric woﬁa%_ S 2.8% m
45,24 o ,, : S

P / o , : - Stean

Stean P 1 SR -
&..em& . ) - ) ' @.m mﬁ ) -~ - /..//,.
| / \\ \ //_ o | ..\.\\.\ :.///.,.

Coke 80.%% L o ~ Coke 926

i



