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To quantify and clarify the present and future relationship between
synfuel costs and oil price, seven processes typifying synfuel technology currently
under development were evaluated, using established techniques of procese engineering
analysis, Plant investment and operating costs were projected ip relation to anti-
cipated increasing costs of energy, materials and capital. Results of our study
show that as oil price riees, projected cost of synfuel from a new plant using
currently foreseeable technology increases proportionately. WNo matter how high

the price of oil rises (even to $100 per barrel), a new plant built subsequent

to arrival of oil at that price will not be economic, i.e. the necessary selling
price of synfuel to achieve economically attractive equity recovery will exceed

oil price. However, synfuel operating costs will increase sluwer than rising

oil prices, Thus a synfuel plant built at any oil price, with the required capital
investnent committed, will become progressively more economic as oil price rises,
attaining parity and eventually beceoming quite profitable. Quantitative results

are presented from our analysis of five coal cooversion preocesses (H-Coal, Exxon
Donor Solvent, Fischer-Tropsch, Lurgi SNG an¢ synthetic methancl), Tosco II oil
shale treatment and ethanol manufacture via grain fermentation. Specific conclu-
sions and their policy implications for the northeastern United States are discussed.

Ever since ceal gasification and liquefaction were reduced successfully
to industrial practice in Germany during World War II, there has been extensive
speculation about the economic feasibility of large-scale svothetic fuels manufacture.
This discussion has intensified, with growing urgency and significance during the
past dacade, as petroleum prices sosred beyond all raticnal expectations, with no
beunds yet in sight.

To ascertain the real relationship between synfuel cost and rising
oil price, seven processes typifying synfual technology presently under development
were evaluated in this study, using established techniques of process engineering
analysis. Plant investment and operating costs were projected in relation to
anticipated increasing costs of energy, materials and capital. Results of our
study show that as oil price rises, prolected cost of synfuel from a new plant
using currently foreseeable technolopy increases proportionately. No macter how .
high the price of oil rises (evem to S100 per barrel) a new plant builf subsequent (. -
to arrival of oil at that price will not be economic, i.e. the necessary selling
cost of synfuel to achieve economically attractive equity recovery will exceed
oil price.
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This analysis assumes that the baslc workings of the U. S. economy
11 remain essentially unchanged and that design and construction of a new
synfuel plant will take longer than the time required for the effects of oil
price rises to ripple through the economy. As the dominant source of. our

T

energy, oil "drives" the cest of all modern industry, including synfuels. ..Firm
correlation is shown in this study between o0il price and prices of other forms
of energy and of key commodities such as steel and cement. As manufacturing
plants become more expensive to build and operate, the costs of their products
rise, including the cost of synfuels.

Plant operating costs, however, will increase wmore slowly than rising
oil prices., ~Consequently, a synfuel plant buillt at any oil price, with the re-
quired capital investment committed, with increasing oil prices, will become pro-
gressively more economic; and its product cost over time will attain parity with
oll price. Thus, the sooner a plant is buillt, the better, assuming continuing
oil price escalation., Even with continuously increasing oil prices, a synfuels
plant would not necessarily appear to be a sound investment from the private
sector investor point of view. Assunming any reasonable rate of oil price increase,
the length of time between expenditure of the capital iovestment and recovery of
capital from future higher prices is too great to be attractive, in light of the
current and expected future interest rate and the assoclarted "time value of money."
If 0il prices should stop rising, then no synthetic fuels venture could be justified
economically now or in the foreseeable future.

Realistic evaluation of synfuels, therefore, must z2lways look ahead.
Today's decision needs to be made in terms of its effect several vears hence.
The full economic benefit of building a plant now may not be realized for up
to 20 years in a smoethly-running, fully-depreciated facility selling synfuel
very competitively with the then-current price of oil.

For example, under present conditions, a new coal hydrogenation
plant could produce synthetic liquid fuel for about $60 per barrel, which
would appear patently "uneconomical', compared with oil, now about $30 per
barrel. However, to have this plant cperating at the time when the present
oil price doubles would be an attractive commercial venture.” In fact, had such
a plant been built about 6 years ago, when oil was $9 per barrel, its product
cost of $28 per barrel would be "economical" today.

Table 1 summarizes the principal findings of this study. Economic
projections for the seven processes evaluated are presented in terms of oil
price over the range of $9 to 5100 per barrel, with capital and operating costs
correspondingly escalated in a base case for each process. Expressed as dollars
per equivalent barrel of oil, these projected synfuel-~cost figures show the
necessary product selling price for full equity recovery in new plants at rates
competitive with other opportunities for capital investment. For simplicity and
clarity, straight-line depreciation over 20-year plant life and current-cash
expenditures are used in all calculations rather than more complex accounting
methods.

Although there is necessarily variation among the individual processes
evaluated, the results of this study consistently demonstrate the desirability of
hringing synfuel plants on stream as soon as possibla. The Fischer-Tropsch

ocess, similar to the SASOL plants in South Africa, would be the most expensive
.f the seven processes considered, with its projected costs more than double those
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-_ . expensive than coal hydrogenation liquids, with ethanol substantially higher than
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of the H=-Coal, EDS or Lﬁrgi Processes. Both methanol and ethanol would be more C’

—_—3

methanol., Shale oil extraction via the Tosco II Process promises te yield the sl
~lowest~cast aynfve—provided - hiph qualify sh&lé remaing available at relatively - - - - -
" 777 low cost. .

In addition to the base cases suvmmarized in Table 1, calculations
were made demonStrating sensitivity of synfuel cconomics to four key parameters——
investment estimate level, raw material cost, equity recovery rate, and loan
interest rate.

Methodology ;

Standard procedure for plant cost estimation in the chemical process
induscries relies upon several cost indexes which are well documented and histor=
ically validated in the engineering literature™. These indexes track the history
of selected components of plant equipment, installatlom, and operating costs,
providing reliable means of scaling these costs from past experience to present
time, and of projecting them, with reasonable confidence, into the near future.
Selzcted as the most Eppropriate one for this study was the Chemical Engineering.
{CE) Plant Cost Index . It has a relieble "track record", and its composition
is congistent with the anticipated configuration of synfuels plants. Current
values—-monthly and annual--of the overall! TUE Index and each of its component
items are published bi-weekly in the journal, Chemical Enginesering, as illustrated
in Table 2. Ready availability of these figures facilitates future projection
of synfuels plant cost estimates and enables adjustment of values reported and
discussed in this paper, should prove desirable in the months to come.

All manufacturing processes consume Significant gquantities of energy.
In recent history, petroleum and natural gas have been the predominant socurces of
energy in the United States. Thus, it is intuvitively logical that major compoments
of manufacturing cost, such as plant Investment and operation, should "track™ with
the price of energy. Since no divect cotrelation of this kind has been found in
recent literature, pertinent data were collected and tested empirically, Interast-
ingly encough, relationships do exist which are useful in making ecomomic comparisons
between synthetic fuels and petroleum,

Information was collected on prices of crude oil, coal, natural gas,
and electricity over the past decade. Also included were sevetal commodities
which are Important components in the fabrication and erectien of processing
equipmegnt, namely, steel, aluminum, copper, and Portland cement, as well as
values of the (MR Index, showing the price trend of major chemical products™.
These are listed in Table 3, together with their sources.

These price data could be plotted vs, time, to display the historiecal
price track of each commodity and possibly to extrapolate into the future. However,
as shown in Figures 1 and 2, strong coxrclations were obtained between these data
and enexrpy cost, specifically the price of oil., Figure ? is a semi-logarithmic
plot over the decade 1970-79, with oil price as the linear horicontal coordinate.
Although some "eycling' is evident, reflacring time lags between rapidly increasing
oil price and its full economic effects, the correlation is positive and stromg for
each of the quantities plotted, demonstrating the linkage between rising costs and (1
oil price over the past decade., Lines drawn on the figure shoW tem=-year trends, e

ks established by computer-aided regression amalysis, with correlation coefficicents

of B0Z or bhetter.
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Even stronger correlation (95% or better) was shown for coal price,

ordinates of Figure 1. This figure was used as the primary vehicle for
projecting plant costs in relation to oil price. .

"‘l Index and CE Plant Cost Index vs., oil price on the fully-logarithmic

[y TV ER

Our projection began with a realistic predesign engineering cost
estimate for each process, exactly.as would be required for any new yenture
in the chemical process industries™. As input data for each process, we chose
the best such estimate currently available of required investment and operating
costs. This information was drawn from the most recent available reports
rendered to the U. §. Department of Energy by various contractors, from research
and development reports at recent professional conferences and meetings, and
from the technical literature. Specific sources are ldentified below.

To avoid discrepancies caused by cowmparing facilities pgreatly
disparate in size, we chose where possible cost estimates applying to plants
designed to produce 50,000 barrels per day of oil equivalent, which is the
plant capacity designated by the Department of Energy for its so~called

 "Phase-0" evaluation of liquid synfuel processes. Data were available at

this plant size for five of the processes included in our study. The exceptions
were ethanol production from corn {evaluated at 100 million gallons per year,
equivalent to 4400 barrels of oil per day) and the Lurgi Process for synthetic
natural gas (evaluated at 250 million standard cubic feet per day, equivalent

of 42,200 barrels of oil per day).

411 of the starting estimates used in our study were in terms of
mid-1979 dollars, except for the Lurgi and Tosco Processes {mid-1978) and
ethanol (December 1978). TFirst we projected these estimates "backward” teo
mid-1974 (when average oil price was $9 per barrel) via the Chemical Engineering
Plant Cost Index. Projections into the future were then made in terms of oil
price, using our correlations derived earlier for the CE Index CMR Index and
coal price, as appropriate (Figure 1). Caleculations were made at oil price levels
of 30, 50, 75 and 100 dollars per barrel. Since it is reasonable to expect that
investors will demand higher rates of return as inflation continues, we corres-
pondingly increases the equity recovery rates used in our base case calculations.

To account for inflation of raw material costs, we used Figure 1 for
coal price, and assumed that the cost of oil shale would follow a similar trend,
starting with its mid-1978 price ($1.44 per ton). By-product values were calculated
from mid-1980 market prices (corresponding to oil at $30 per barrel) and projected
upward via the CMR Index of chemical prices {Figure 1}.

Table 4 surmarizes, in relation to oil price, the projected values
of the various indexes, prices and related factors used in making our base-case
economic projections. By combining these elements appropriately, the compomnent
items of capital and operating costs for each process were scaled up with respect
to oil price and summed to arrive ac synfuel product costs. The results of this
procedure are presented and discussed below,

Results and Discussion

Table 1 summarizes the product costs calculated for the seven pro-
ses evaluated, in each case showing the selling price necessary to earn a
isfactory rate of equity recovery im a new plant, starting with-ies first
ar of operation.

~3g2-
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All of these processes are sufficiently well developed so that
reliable estimates of investment and operating costs are available, and (—\
three are in commercial cperation, Grain fermentation has long been used to

make ethanol; the FiﬁCher"TrDPSQh;Elggﬁﬁﬂ_iﬁ_presentIﬁcheEaﬁﬁng—ae—fhg_Sﬂset—_~T*~f~w-~"
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Installation in South Africay and methanol synthesis from carbon monoxide and
hydzogen has been standard in the chamical industry Ior many ycara.

Coal is the raw material proposed for the first five processes
listed above. The firat three will produce synthetic hydrocarbon liquids,
and the Lurgi Process will make synthetic natural gas. Methanol gnd ethanol
are under consideration as alternative motor Fuel ligquids.

Space limitations here preclude detailled discussion of all seven
processes, but tne H-Coal Process is reasonably typical and, perhaps, closest
to co reial oceration. Based on over 20 vears of laboratory and gi&ot plant
studles , a semi-works unit (600 tons/day) is operating in Kentucky™ " ., and
detailed enpineerine desipn of a 50.000 B/D factlity is underwavy .

. Figure 3 1s a block flow diapram of the H-Coal Process. showine
principal input and output streams, flow rates, and other requirements for making
20,000 barraels per day of syncrude from typical high-grade bituminous coal.
Estimated capital investment and operating expenses ag of mid 1979 were,
respectively, $1,404 million and $328 million per day . Using the methodology
outlines above, these amounts are projected in terms of oil price in Table 5.
Calculated product costs are elso presented in Table 5 and graphed in Fipure 4.

At each of the five oll prices considered —- ranging from 59 to
$100 per barrel -- synfuel cost (0T necessary selling price} to achieve full
equity recovery is substantially above the current oil price. On the graph,
the curve labeled "100% Equity" lies consistently above the diagonal line
representing "price equality". Thus, in each of the columns of Table 5, synfuel
manufacture via the H-Coal Process as a new plant venture appears "unattractive”.
To be sure, the situation can be relieved somewhat by extended financing, whereby
part (say 50%) of the required capital is acquired via long-term, relarively low-
rate loan. This situation is shown i the lower part of the table and by the
dashed line on the graph. But even under such an arrangement, synfuel cost from
a new plant exceeds oll price until about $90 per barrel.

In an inflationary ecenmomy, however, evaluations such as these must
be oriented toward the future. Thus, the proper perspective for viewing synfuel
economics ie horizontally across Table 5, rather than vertically in each column.
The first column Tepresents the circumstances prevailing in 1974, when precipitous
escalation of oil prices began; the second column shows mid-1980 conditions, with
oil at about 530 per barrel. If a plant had been built in 1974, its product cost
of about $28 per barrel, even with full equity recovery financing, would be very
attractive today. Similarly, a new plant will look very good when the present
price of oil doubles. The same reasoning applies across the remainder of the

table.

Te ascertain the sensitivity of our economic projections for the
H-Coal Process to input data used in working up the "base case” (Table 5 and
Figure 4), deralled calculations were made showing the effects of four economic
parameters. Results of these calculations are presented in Table &, They e
further demmrnstrate the capital-intensiveness of the process economics. For
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imple, for the mid-1980 situation (o1l at $30 per barrel) changing the capital

investment estimate by 50 percent changes the calculated synfuel produect cost
_..at_100% equity recovery in new plants by about 33 percent ($20 per barrel).

Reducing the equity recovery from 17.5 to 15 percent reduces caleulated product -

cost about 7.5 percent ($4.70 per barrel); raising the equity recovery rate

from 17.5 to 25 percent per year increases calculated product cost by 23

percent ($14.20 per barrel). By comparison, reducing cecal price from $34 to

$20 per ton (over 40 percent) reduces calculated product cost only 9.5 percent

($5.90 per barrel), and increasing coal price to $80 per ton (more tham double)

increases calculated product cost only 31 percent ($19.50 per barrel). Comparable

effects at other oll price levels are seen in Table 6.

Although differing in detail to some degree, our evaluation of the
other processes yielded similar results. All of the coal-based processes proved
strongly capital-intensive, with financing cost comprising 60-70% of the product
cost and raw material cost only about 10-25%. The notable exception was ethanol
via fermentation of corn, where raw material comprised about 50% and capital
finaneing only about 25% of calculated product cost.

From this analysis it is evident that a synfuels industry will not
start spontaneously from "grass roots", since this would require very large
investment, knowing in advance that 1its economic success will require continuously-
rising crude oil prices and a time period of mnegative ecash flow much longer than
the current private-sector investment climate accepts. However, if oil prices
do indeed continue rising, such an investment could become immensely profitable
once its cash flow turns positive, and the soconer a synfuels plant iz built the
better. Government encouragement, possibly via tax incentives, investment guaran-
tees or capital leoans, at both federal and state levels, could be very significant
in this process. Further, incremental investments, adding synfuels manufacture
step-wise to existing oil refining facilities, should alse¢ be considered and
pessibly encouraged. This type of investment could prove particularly attractive
at refineries where units in hydrogenating heavy crude or residuum exist or are
planned.

Because of indigenous high-grade coal in large supply, urban markets
demanding liquid and gaseous fuels and its efficient transportation netwerks, the
northeastern United States appears hospitable for early investments in coal-based
synfuels, Locking toward the future, as current technology improves with experience
and perhaps totally new processes are developed, such investments might well become
the basis of a major new industry for this region and for the country, relieving in
a significant way present dependence on imported oil.

Work reported in this paper was done in response to a request from the
Committee on Science and Technology., US House of Representatives. Complete report,
entitled "Costs of Synthetic Fuels in Relation to 0il Prices", was issued by that
Conmittee in March 1981 as Document No. 75-313 0 (Serial B), US Gov. Printing
Office, Washington, DC.
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TARLE 1.

Economic Comparigon of Proposed Synfuels Processes

01l Price:

$/barrel

30

30

7% - .

100

Projected Synfuel Cost in New Plants:

Process $/barrel of oil equivalent
H-Coal 27.82  61.78  B81.60  100.72  117.72
EDS 25.19 55.57 73.88 90.72 105.76
Fischer-Tropach 62.03 137 .41 183,22 227.04 267.13
Lurgi SNG 25.15 54,82 712.54 2Q.47 106.87
Methanol 34.66 76,75 101.17 125.93 147.59
Tosco II Shale 01l 17.11 36,18 49,97 63.75 76.80
Ethanol from Corn 59.03 101.66 125,52 152.76 177.24
NOTES: (1) Above fipures based on 1007 equity recovery.
(2) Divide S/BOE bv 5.8 to obtain §/MM Btu.
TABLE 2 . Current Values of CE Plant Cost Index
(1957-1959 = 100)

9/80 8/80 7/80 9/79

Prelim. Ravised Finel Final
CE Plant Cost Index 266, 1 264 .9 263.6 243.4

Ma jor components

Equipment, machinery, supports 296
Construction labor
Buildings
Engineering & supervision

Source:

208
243
222

la
.3
.1
.0

Annual Index Values far Previous

296.0 295.3  268.4
206,1 203.,8 199.9
252.7 2640,5 1233.2
220.0 217.0  193.4

Years

1970
1971
1972
1973
1974

125.7
132.2
137.2
144 .1
165.4

1575
1376
1977

1978

1979

182.4%
i92.1
204.1
218.8 :
238.7

Chemical Engineering, 87(23), 7 (Nov. 17, 1980).

-386-

S S S



—

20T930T Jo ‘adaggen “SAUTH JO nwalvy “ADAING ATHIUCK ¥V (STHIISTEN ¥ S(WIOVIR 'O

ArHaoa fop PUMEITAN [T9Yds “I9RA0USH SUTaIXdeH (O VERIT ' o .
Ar423n-1q *rop BUTHRTITANG TTTH-awipdy ‘HUTISsUTHUZ Teajumag *q

{TRtI3SnpUl] €33fLg [LWIRY adwlaay :A}TOLINOOTH
FlEE [RFAIEMPUY o3 eaguedwn] JUTTRET] d10aIaquT £ S9TRS :599 [VJNSuy
{39813003) HROLIJ PAJSATIH 2Bwraay ‘ereng TTSs0J AITTLHL TTBOD
t=21150du00) 1503 UETITEINRIY JIULFAY 110 dpnzd :T10
- S£00 VIE 300 “qng Afiaug Jo -ideg gen “ASTADY ADJleud ATHIUCH "9

HEEEY T
o w1z 0T"i2 0054 gLat SLET 91 L TR 9 lne £5°E2 5L6T "33
nT'e nete cq'o2 IR 1 gI6T LERT gaon T gqt L% HET02 5161 -dag
20°€ ¢ ogT T6°52 T9°€S L Th 067T W6 -+ §UUET 7' lte 00" LT §LET aunp
Gga 4°9gT 2892 0925 nEaT 09Tt 06E 2'1ET S 2Ee 0L°£T ELET ~ImY
Sjglte 67651 6672 or" &4 BERT OTTT nLE $Test 6522 £6°21 16T "38q
w'e LUenT gn'22 0T'GR 2EET SOTT H6E R QT ANk gy at QLET mmp
ste 5°TET 2 61 L uE geet REOT It 2'6TT T qog 06°TT » LLET
22 z2° L6 06" LT 53 4E 2EET gog g2 T 607 134T 6g° 0L ' gigt
Loeg 2l 1291 " 1€ 92T Q6L ase £°got 1'2g% ge 0T SLET
81 0021 sl oe 9qa1 269 ze2 0-oot 7' 69% loé nl&T
68T gag ta'z2e 08T 0% 96T 6 98 TRyt 6t ELAT
[ 95" L 6502 g20T azs 06T 9'6g 2 lET <t't 2L6T
.0T°T ¥i 0L T 6T 2401 0gs 9T el 23T SE°L TL6T
i ¥ YN o929 GR"LT 29T nLe net 0r6g Lger S1'E oL6T
TR do5H/$ wort4 uoLf¢ ueL/¢ oLl ual/¢ ToII9E/E .
p AMIOIEL2INR /7 SVO'LWN 5 TVOD _jo INDED  f UEAIQD f WINTNOTY  F TAALS JE RO WO AT 32 5 110 AL

ENOTIVIANHOD BT (SN SANTYA XIINI 3 sIJ0ud

. ‘E o ATquL

=387~



!
;
.. | TABLE 4, ‘[
Cost Indexes, Prices, and Rates Used In Base Case Calculations |
' 0il Price: §/Barrel - ' “ %
9 30 5 - 75 100 1
CE Plant Cost Index 156 270 334 184 424 f
CMR Chemical Price Index 100 167 205 241 270 |
|
Raw materials: ]
Coal: §/ton, delivered

o Bituminous 12 34 44 52 57

- Sub=Bituminous 4,50 13 16 20 22
v Shale: $/ton 1.20 2.80 4.20 5.75 7 3
- Corn: $/bushel 1.90 2,90 3.40 4.00 5,50 j
Electricity: cents/KWH - 1,70 4,50 7 10 13 |
Procese water: cents/Mgal 30 50 60 65 70 @
Equity recovery: X/year 12 17.5 20 22.5 25 }
Loan Interest: Z/year ? 10 12.5 15 17
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H-COAL, PROCESS ECONOMIC

CAPITAL INVESTMENT - MM$
OPFRATING EXPENSES - MM$/yr
Coal
Chihar
Tot4dl
FINANCING (100% Eq.) ~ MM$/yr
TOTAL REVENUE REQ. - MM$/yr

By-product credit
Synfuel Revenue Regq.

$/Barrel
$/MM Btu

FINANCING {S0% Eq.) =~ MM$/yr

TOTAL REVENUE REQ. - MM$/yr
By-product credit
Synfuel HRevenue Reo.

$/zarrel
$§/194 Btu

Table

S

Base Case

PROJECTIONS

0IL PRICE - $/Barrel

-—

o

g 30 _.50 _T5 100
973 1540 1965 2260 2L9s

82 233 295 357 391
128 202 236 262 284
210 435 531 619 675
269 A07 a8k 1081 1312
L79 1042 1375 1700 1987

27 38 Lg 61 Th
452 1004 1326 1639 1913
27.82 61.78 81.60 100,88 117.72

4,85 10.75 14,20 17.55 20.49
1990 h19 590 TEO g2l
Loo 85l 1121 137¢ 1599

27 38 kg 61 Th
373 816 1072 1318 1525

L.oo 8.74 11.L8 ih,11 16.33
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TABLE &

, . ' H-Coal Process Economlc Projectlons

|

e ) SENSITIVITY STUDY RESULTS

011 Price - §/Barrel
9 30 50 75 100

SYNFUEL COST ($/Barrel) at 100% EQUITY RECOVERY

BASE CASE 27.82 61,78 81,60 100,86 117,72
Effect of INVESTMENT ESTIMATE LEVEL
2 Base Case - 50% 18,28 51,05  53.05 6l .62 74,03
K Base Case + 50% 37.42 82,65 110.22 137.17 161 .42
%ﬁ Base Case + 100% 46,95 103.38  138.77 17342 205,11
Effect of CCAL PRICE
$20 per Ton 31.20 55.88 71.88 87.32 102.09
$40 per Ton 39,69 64,37 80.37 95.82 110,58
$60 per Ton 48,12 72.80 88.80 104,25 119,02
$80 per Ton 56.55 81.23 97.23 112.68 127.45
Effect of EQUITY RECOVERY RATE
L 15% per Year 31.26  57.11  69.97 80,74 88.15
20% per Year 37.05 66,52 81.60 94,09 102,95

SYNFUEL COST ($/Barrel) at 50% EQUITY RECOVERY

s

BASE CASE 22.95 50.22 65.97 81.11 93.85

Effect of LOAN INTEREST RATE
Equity Recovery Rate = 15% per Year

5%/yr. Loan Interest 24,06 45,42 55,51 64,18 £9.85
15%/yr, Loan Interest 27.08 50,3% 61,54 71.14 77, 54
Equity Recovery Rate = 20% per Year
5%/yr. Interest Rate 26.95 50.15 61.35 70.89 77.23
15%/yr, Interest Rate 29.97 55.08  67.38 77.85 B4.92
Equity Recovery Rate = 25% per Year ,
5%/yr. Interest Rate  29.85  54.83 67,20 7 '77.60 ‘Bl 62
15%/yr. Interest Rate 32.86 59.75 73.23 84,55 92.31
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Figure 3

H=-COAL PROCESS FLOW DIAGRAM®
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