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Renewed active interest has developed in making synthetic protein
from abundant, low cost materials such as hydrocarbons which. per se,
have no direct nutritive value. Behind such interest are:

- The current worldwide rapid tightening of natural protein
supplies causing prices to skyrocket.

- Projected worldwide growth of animal feed consumption at the rapid rate
of 10% per year.

- Estimated doubling of world demand for all protein by the
year 2000.

This paper analyzes the effects of specific plant sites in Algeria,
Brazil, Finland and India on the economics of producing 100 million
pounds per year of single-cell protein (SCP) for animal fodder. The
process basis is Gulf Research and Development technology on fermenta-
tion of normal paraffins. The selected sites cover a wide range of

climatic conditions, energy costs, labor costs and shipping distance
from raw material sources.

*The Lummus Company, Bloonfield, New Jersey, U.S.A.
**Gulf Research and Development Company, Pittsburgh, Pennsylvania, U.S.A.

])The views and opinions expressed in this paper are those of
the authors and do not hecessarily reflect the views of the
secretariat of UNIDO. This dncument hos becn repraduced without
Tormal editing.
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The impact at each site of key economic factors (feedstock costs,
energy costs and capital investment) on the economics of SCP manufacture
are presented. Climatic conditions are shown to have a significant
effect on the capital and eneryy requirements for the refrigeration needed
to remove the heat of fermentation at the temperature Tevel for acceptable
protein yield. GLionomics at the selected sites are compared using the
discounted cash flow rate of retur: concept as an irdex of profitability.
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INTRODUCTION

Worldwide food sShurtages for hoth ammals and humans con-
tinues to he a prohlem dernanding our urgent attention, A growing
body of inf' rmed sources does not expect that the fof d supply situation

- . C (1 .
will improve in the toruseeable future. A direct result of the re-

cent tightening of natnral protein supplies has heen skyrockeiing prices.

The United Nations Food and Agricultural Organization has projected
annual growth rate of 109 for animal feed, and a doubling of world

demand for al' protein by -the year 2000, (2) In light of the above, re-
newed active interest has ;ﬁ:’;-'veloped in making synthetic protein from

abundant low cost materials.such as hydrocarhons which, per se, have

no nutritive value. !
]

This paper will analyze the effects of specific plant sites in
Algeria, Brazii, Finland and India on the economics of producing 100
million pounds per year of single-cell protein (SCP) for animal fodder,
The selected sites cover a wide range of climatic conditions, energy
costs, lab.r costs and shipping di.tance from assun 2d raw material
sources,

The study is based on an unpublished preliminary engineering
design for a 100 million pounds per year 5CP plant prepared by The
Lummus Company for Gulf Oil Corporation. This basis was chosen for

convenience, since for a comparative study of the effect of site con-

ditions, the same conclusions would probably be reached using other
process designs as a basis.

Note: Numbers in parentheses refer to the corresponding numbers in the
reference list at the end of the paper.




The Gulf technology (3 (4), (5), (6), (7), (8), (9)s was

developed in laboratory, pilot plant and semi-works opsrations ever

the period 1963 to 1970, A}l Gulf activities in SCP were terminated

in 1971,
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L. PRCCLSSE BASIS

Conversion of normal pavafiin, wrmonia and nuirient
salts to pratein product is accom, hehed by the prov th and repro-
duction of live yeast co:ls feeding on these reagents under acrobic
conditions. This occurs in 4 continuous fermentation stage followed
by continuous maturation, conceniration, pasteurization and drying of
the product,

Figure 1 is a block diagram showing the major process flow
sequence. The paraffin hydrocarbon substrate is fed to the termentor
along with the nutrient medium (a mixinre of Frocess water, phosphoric
acid, potassium chioride, magnesium sulfate and trace nutrients, and
recycle aqueous media streams {rom two downstream points).

Liquid ammonia is vaporized in the compressed air strecam to the
fermentor. The fermentor is started up by seeding with tivc cells,
Most of the hydrocarbon and other nutrients are consumed and con-
verted to yeast. By-|roduct carvon dioxide and ex.ess air are vented.
A stream of thi. primary brew is continucusly withdrawn and passed

to the first stage centrifuges. Here, yeast 18 concentrated and sent

to the maturation stage. Liquid recovered from the yeast in the centri-

fuges is returned to the fermentation stage as part of the aqueous media

stream,
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In the maturation stage where the brew is contacted with
a small additional :mount of air, the residual n-paraffin in the brew
is reduced (o a low level, and the quality of the yeas: protein is
improved.

The discharge stream from this stage is fed to another
set of centrifuges. The aqueous media which is removed at this
point is partially rejected to prevent build-up of unused ions and by-
products from the fermentation step. The remainder is recycled to
the fermentor along with the other agueous media feeds.

The yeast cream from the secondary centrifuges is further
concentrated and pasteurized in wiped film evaporators, The con-
centrated cream is spray dried to a powder by contact with hot air,

Dry product is pneumatically conveyed, first to storage

and subsequentiy to shipping.




II. SITE BASIS

Four plant sites were selected for analysis based on the
following criteria:

- One site {Finland)has favorable climatic conditions for

low overall refrigeration costs.

- Three sites (Algeria, Brazil, and India) are in devel-

oping countries.

- All four sites cover a wide range of climatic conditions,

energy costs, labor costs and shipping distance from raw

material sources.

- The familiarity of The L.ummus Company with all sites.

Table 1 shows the pertinent site meteorological conditions
which influence both operating and investment costs.

For purposes of this study, the following assumptions were
made concerning all four sites:

- The SCP plant will be located adjacent to a large petroleum,

petrochemical or other manufacturing facility, from which
all utilities, except refrigeration, could be purchased
acruss-the-fence.

- A clear and leve! site exists, requiring no piling.




TABLE 1
PERTINENT SITE

METEOROLOGICAL CONDITIONS

Local Area
Country

it e

Cooling Water Source

Cooling Water Design
Temp., OF

Wet Bulb Design
Temp., OF

Cry Bulb Design
Temp., OF

Other Factors

Porvoo Skikda Sao Paulo Baroda
Finland Algeria Brazil India
Sea Sea Lake Cooling
Tower
57 77 82 93
- - - 85
70 95 90 93

Winterizing Earthquake 800 meters
required Considerations above sea
level




III. UTILITIES DISCUSSION

Stearn and cooling water requirements were calculated for
each site on the following basis:
- Provide retrigeration ior a ciosed loop 55°F chilled
water system used in process cooling, As a conservative
measure, we used this concept even at Porvoo, Finland
where 57°F sea water is available; Thus, costly metall.nrgly‘
for corrosion protection of the fermentor cooling surface is
avoided, In addition, we eliminated a potential source of
fermentor cooling surface fouling by sea water.
- Use 600 psig, 750°F condensing steam turbines to drive
the refrigeration compressor and process air machine,

- 20°r temperature rise for cooling water,

No attempt was made to optimize utilities at any site,

Table 2 shows the effect of site climatic conditions on
refrigeration und process air power requirements, It can be seen
that the impact on refrigeration he . sepower is substantial, while the
effect on air compressor horscpower is small,

Figure II shows the relation between total steam requirement
and cooling water temperature, Figure 1II shows the effect of cooling

water temperature on flow rate,




TABLE 2

EFFECT OF SITE CONDITIONS ON
REFRIGERATION AND PROCESS
AIR COMPRESSOR HORSEPOWER

Finland Algeria 8razil India

{Cooling Water
. Temp., OF 57 77 82 93

{Refrigeration
- Horsepower 9,100 13,400 16,660 17,240

Process Air
| Compressor

Horsepower 8,880 9,300 9,200 9,200




TOTAL STEAM — THOUSANDS OF POUNDS PER HOUR

300 —
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FIGURE 11

EFFECT OF COOLING WATER TEMPERATURE
ON TOTAL STEAM REQUIREMENT
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COOLING WATER FLOW RATE
THOUSANDS OF GALLONS PER MINUTE

FIGURE 111
EFFECT OF COOLING WATER TEMPERATURE
ON FLOW RATE
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IV, CAFITAL INVESTMENT

The estimated total capital investment at each site is show
in Table 3 in U.S. dollars, which is the monetary unit used throughout
this papecr.

The fixed capitai iavestment includes:

- Applicable import duties

- Worldwide purchase «f imported materials

- Cost of land {allowance of one million dollars at each site)

- Storage facilities {or raw materials and product

- Spare parts

- Capitalized construction interest and pre-operational costs

- Refrigeration, process air and instrument air compression

facilities. The refrigeration system includes a closed chilled

water loop for process heat removal.

The basis for cstimating working capital is as follows:

-~ One month raw materiil inventory

- One month product inventory

- One month aceounts receivaoble and accounts payable

- One month's opecrating cost for cash-on-hand and consumable

Spare parts,

Table 4 shows the effect of ¢ocling water temperature on re-
frigeration horscpower and investment. The refrigeration investment ie
also influenced by certain other local site factors {such as import duties,

construction labor costs, etc.) which also affect the total fixed investment.




TABLE 3

TOTAL CAPITAL INVESTMENT
Million of Dollars (1973 L ocal Basis)

Finland Algeria Brazil India

,:- Fixed Capital 20.9 26.1 23.2 23.5

Working Capital 3.3 3.3 3.5 3.7

|Total Capital 242 204 267 279




TABLE 4
EFFECT OF SITE ON REFRIGERATION
| INVESTMENT
Finland Algeria Brazil India
Cooling Water ST
Temperature, °F 57 77 82 93
Refrigeration, Tons 13,850 14,030 14,090 14,250 |
Horsepowgr 9,100 13,400 16,660 17,240
Investment, SMM 2.9 3.9 4.0 4.2
Investment as %
of Total Fixed
Investment 13.9 14.9 17.2 17.9




follows:

V. BASIS FOR ECONOMIC ANA I YSIS

The basis tor economic anaivsis at all four s'tes is as

= The discounted cash tlow (DCF) rate of retaurn concept
with continuous compounding is uscd as an index of profit-
ability,
- Financing Plan
- 70/30 debt to equity ratio
- 8 year loan at 8% interest, with repayment starting
in the first year of operation
- Depreciation - 15 years (straight line)
- Project life includes 3 years from planning through start
up and 15 years of operation
- Production profile: 80% of capacily in first year of op>r-
ation, 90% in second year, and 100% thereafter,
- 309 operating days per ycar
- Income tax rate of 50% assumed
= Annual property taxes and plant insurance, each at 1. 5% of
plant investment.

= Annual maintenance costs at 4.5% of plant investment.




- Feedstock unit ¢costs and usage are given in Table 5.
Based on a cost of 5¢/1b. in the assumed source countries,
delivered paraffin costs were derived by adding shipping
costs Lo cach site., Feedstock is fully refined to the essen-
tially aromatics-free specification given in previous publi-
cation-H) N. on-site processing is required.

- Nutrient unit costs and usages are given in Table 6.

The costs (based on locally made ammonia and imported
mineral salts) were the authors' best estimates from
literature sources rather than suppliers' quotations.
Further investigation does not appear justified at this time
since such costs are ot a major factor in manufacturing
costs,

- Energy unit costs and range of utility usages are given
in Table 7. Details of utility unit costs and usages at each
sitv are given in Appendix /.

- Operating lubor, supervision and overhead costs are

given in Table 8.




TABLES

NORMAL PARAFFIN FEEDSTOCK
| USAGE AND UNIT COSTS

Cents Per Pound

Finland Algeria ‘Braazil India
United |
Source Country Kingdom Italy Trinidad Japan
Base Cost 5.0 5.0 5.0 5.0
Shipping Cost 07 05 14 21

Delivered Cost 5.7 5.5 64 7.1

Feedstock usage is 1.048 Ibs/Ib SCP at all sites.




TABLE 6
NUTRIENT USAGE AND UNIT COSTS

Cents Per Pound

Usage/lb
Nutrient SCP Finland Aigeria Brazil India
NH4 0.0951 40 35 50 50
KCi 0.045 7.0 7.0 7.0 7.0
MgSO,  0.0186 4.5 45 45 45

HzPO,  0.0768 140 140 140 14.0




TABLE 7
ENERGY UNIT COSTS AND RANGE OF UTILITY USAGES(Y)

Energy Umt Costs
Fuel2) ¢ lectricity

SMMTU _(KWH Range o Uiy Ussges po o SCP
Finland 65 1.1 600 psig, 7509F s'vam  0.00998 -- 0.0163 M i»
Algeria 12 1.1 200 psig steam 0.00362 - 0.00364 M Ib
Brazil 39 1.7 30 psig steam 0.00096 M b
% india 7 1.9 Cooling Water 0.144 - 0.188 M Gal
© Process Water 0.00588 M Gal
Power 0.212 XWHN

Low Sulfur Fuei3) 0.00223 MM BTU

Notes

(1) Details of utility unit costs ang usages at each site are given tn Appendix A,
{2)  Basis for estimating the costs of purchased steam given in Appendix A.
(3)  For product spray drying,




TABLE 8

OPERATING LABOR, SUPERVISION,
AND OVERHEAD COSTS

————

Finland  Algeria Brazil india

Operators
per Shift 11 11 1 11

Dollars per
Year per Shift
Position 53,600 27,700 34,200 24,000




VI, ECONOMIC ANALYSIS

Table 9 shows the elements of manufacturing cost at each

site, includiag depreciation but exclading {inancing costs. The latter

will vary throughout the project life. Table 10 shows the range of the

elements of manufacturing costs on a percentage basis,

Hydrocarbon feedstock cost is the largest element (459 to
46%) of manufacturing cost. Variations in feedstock cost stem from
shipping distance differences between the assumed source country and
the site,

Chemicals (nutrients) costs range from about i2% to 149,
of manufacturing cost. The small differences in chernical costs are
due to different energy-related ammonia costs at each site. The
largest element of chemical costs is phosphoric acid at 1. 08¢/1b.
of SCP, bhased on 14¢/ib. acid.

Utility costs (a combination of energy, cooling water and
Process water costs) range from about 14%of manufa turing costs in
Algeria to ahout 24", in India. These costs are highly dependent on
basic fuel costs, which vary from .2 ¢/MMBTU in Algeria to 77¢/MMBTU
in India. [t is interesting to note that the relatively low refrigeration
horscpower in Finland (with its low cooling water temperature of 57°F)

i8 not sufficient to compensate for the low energy costs in Algeria, which

has 77°F cooling water.




SCP MANUFACTURING COSTS AT CAPACITY
CENTS PER POUNDS OF SCP

Variable Costs
Hydrocarben Feedstock
Chemicals

Utilities

Total Variable Costs

Fixed Costs
Labor & Overhead
Maintenance
Insurance & Taxes

Depreciation

Total Fixed Costs

Total Manufacturing Costs

TABLE 9

Fimaqd

5.98
1.85
2.38

10.21

0.59
0.74
0.50

1.32
3.15

13.36

Algeria

5.76
1.81
AT

9.34

0.31
0.95
0.63
167

3.56

12.90

Brazil
6.71
1.95

273

11.39

0.38
0.84
0.56
1.48
3.26

14.65

India

7.44
1.95
_4.03

13.42

0.26
0.85
0.56
150

3.17

16.59




TABLE 10

RANGE OF SCP MANUFACTURING
COST ELEMENTS ON A

PERCENTAGE BASIS

% of Total
Manufacturing
Costs
eedstock 45 to 46
'h‘emicals 12to 14
: tilities 14 to 24
| L-abor 16t04.4

Maintenance, Insurance,
| Taxes & Deprecnatlon 17 to 25




Labor-related costs are secn to be a relatively small
element (less than 57%) of manufacturing costs. Other fixed costs {main-
tenance, insurance, taxes, and depreciation‘) range from aboﬁt 17% to 25"0
of manufacturing costs. The depreciation portion of the fixed costs is 9%
to 13% of manufacturing costs.

Figure IV sh.ows the relatién betwecn inve;tor's DCF return
rate and SCP product price at cach site, It is evident that there can be
a substantial iﬁxpact of local site conditions on the ¢cconomics of SCP manu-
iacfure. TaShz 11, derived from Figure IV, shows SCP price for 10% and
15% investor's DCI return rates,

Finland, with its low cooling water temperature, has',c)nly
marginally better econaomics than Algeria, which has lower energy costs |
butl higher capital requirements. However, the cffects of relative.Iy high |
energy and capital costs in both Brazil and India are reflected in their
substintially higher SCP prices.

Figure V shows the sensitivity of SCP selling price to hydro-
carbon feedstock costs at each site. For examélc, in India, a feedstock _
cost change ffom 7.1¢/1b. to 5¢/ib, (as might be the case for acréss-the-
fence purchase) would decrease the SCP selling price from 22¢/lb. to
19.6¢/1b, for a 15% of investor's DGCF return rate, or from 20.1¢/1b. to

17.8¢/1b. for a 10% investor's DCF return rate.



FIGURE IV
SCP PRODUCT PRICE VS INVESTOR'S DCF RETURN RATE

32 FINLAND

30 |- ALGERIA
28 |- o - BRAZIL

26 |-

24 1~ INDIA

22 |-
20
18 |
i
16 |-
18 |-

12 |-

"INVESTOR'S DCF RETURN RATE, %

10

4 / J J 1 }
14 16 18 20 22 24 26
SCP PRODUCT PRICE, CENTS/LB




TABLE 11
SCP SELLING PRICE FOR 10% and 15%
INVESTOR’'S DCF RETURN RATE

Cents Per Pound SCP

Finland  Algeria Brazil  India
Investor's DCF
Return Rate
10% 16.5 16.6 . 18.1  20.2

15% | 18.2 18.6 19.9 22.0




FIGURE Vv
SCP PRODUCT PRICE VS. N-PARAFFIN COST
FOR 10% AND 15% INVESTOR'S DCF RETURN RATES

INDIA 15%

“SCP PRICE — CENTS/LB _

N-PARAFFIN COST - CENTS/LB
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Fagure VI shows the effect of fixed capitil investment on
SCP selling price at each site, based on n-paraffin feedstock costs
given in Tabhle 5, Far eample, a 20" redaction in fixed capital at the
Brazilian site would decrease the SCP selling price from 19.9¢/1b.

to 17.2¢/1b. for a 15% investor's DCF return rate, or from 18, 1¢/1b.

to 16.7¢/ib, for a 19% investor's DCF return rate.




SCP PRICE - CENTS/LB

24

22

20

18

FIGURE Vi
EFFECT OF FIXED CAPITAL ON
SCP PRODUCT FRICT “OR 10% AND 15%
INVESTOR'S DCF RETURN RATES

INDIA 15%

BRAZIL 15%
INDIA 10%

BRAZIL 10%
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ALGERIA 15%
FINLAND 10%

ALGERIA 10%
FINLAND 15%
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VIL. CONCLUSIGNS AND RECUGMMENDA TIONS

Ny 3

The coonomnae anatysis o1 netro-aroiein praduction by the
Gulf process at foar selected sites reveals that wocal stte conditions
can have a ~onsider:aonle efteat on the proicct eonaomics, Hydrocarbon
feedstock cost is the major ¢lement of SCP manufactiring cost and has
a substantial impact on the econonucs at all selected sites. Thus, it
is strongly recommaended that the feasibility of local production of
normal paraffin fecdstock should be studied, with the view to eliminate
shipping costs. Lo.ai production ot feedstock would’ have the additional

“

advantuge of substantia’ savinss in foreign exchange. For orientation
purposes, this wouid require about 207, 000 barrels per day of a typical
Middle East crude for a protein project of this size, (10)

Capital costs are also significant in determining the process

economics. Because two or more of almost all of the major process

equipment items are used at the 100 miliion pounds per year level, economies
of scale-up to larger capacity plants will not be outstanding, For ex-
ample, doubling the piant capacity to 200 million ;ounds per year of
SCP would reduce the manufacturing cost in Algeria (the site with the
highest capital investmeat) by only 0.3 1o 0.4 /1lb, of SCP.

The combination of local energy costs and climatic conditions

are the maj>r factors in determining the utility costs for SCP production.

As noted in comparing Fintand and Aigeria, low energy costs in Algeria

counterbalance the effects of low cooling water tenmiperature in Finland,
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1s 50 close Lo the speciiivad Wl Walls eranaratare of S50 e ques-
Uinn arises a: (o vw'o,y wortieh o the S ooerat) effe o o Ve coonomies if the
rcfrigcratirm—. Billed water 3 soter an IManiand was replaced by direct sea
water cooling ot the fernu ntaiion systein, Such 2 scheine would eliminate
about $3 millios for rofrigperadon faciiities Investment, and alsao save
about 0. 6¢/15%. 1 SCH? in associated ntilitics costs, The net effect of
both saving wouid probably reduce SCP se Hling price by 1.5 to 2¢/1b.
However, the use of sea water for direct process cooling might entail
additional capital cost for heat exchanger maierials of construction suit-
able for sea water service, Nevertheless, when considering a specific
site ina cold climate, sach a scheme would surely receive further study,
We expect that lower anticipated feedstock usage, and the re-
sults of optimivcd pro.ess design and utilities could combine to substan-
tially reduce capital investinen! and manniacturing custs over those
presented in this paper. While the aimount »f savings cannot be stated

Precisely without further study, we estimate the potential lowering of

required product price for 107% to 159, investor's DCJ return rate tu be

in the range of 1.5 to 3y/1b.




Since the success of syathetic protein processes will depend
on their ability to compete with natural pruotcin sources, this definition
of the key economic factors (feedstock costs, energy costs and capital

investment) in SCP production should be helpful in assisting developing

countries in their planning activiities in this field.
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NOTE: (V) For product spray deying,

APPENDIX A
UTILITIES USAGE AND UNIT COSTS
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INDIA

Usage per
ih SCP

Unit
Cost ¢

Usage pe:
b SCP
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0.0133M b
0.0036I M ib

0.166 M Ga!
000588 M Gai
0.212 KWH
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3
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0.0142 M ib
0.00363 M Ib
0.00096 M b
0173 M Ga
0.00588 M Gal
0.212 XWH

0.00223
MMBIU
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i Unit
Cost ¢

Usage par
b SCP

0.0163 M ib
0.00364 M Ib
0.00096 M I
0.188 M Gal
0.00588 M Gal
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