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1.0 INTRODUCTIQON AND SUMMARY

1.1 Introduction

Studies of the disposition of waste lubricating oils have shown that burning
for energy recovery and re-refining to produce recycled lubricants are two
possible methods for utilizing the resource value of these materials. This
chapter analyzes material balances, energy requirements and the energy conser-
vation potential of these alternatives by considering the following cases:

Case A Waste lube 0ils are dried and used for fuel. The potentially
recoverable lube 01l which has been lost is replaced by manu-
facture of virgin lube o0il from atmospheric reduced crude o0il
using standard refining processes.

Case B Lubricating oils are recovered and recycled by re-refining the
waste oils using the acid/clay process. Virgin lube oil pro-
duction, in Case A, is reduced by the amount of 0il recycled.

1.2  Summary

The results of the material balance and energy consumption calculations are
summarized in Table 1. In Case A, where waste crankcase oils are converted to
fuel o0il, and Case B, where waste crankcase oils are re-refined to produce lube
0il, the total lube o0il production (equal to the sum of production figures for
virgin lube 0il and re-refined lube 0il1) is 4,950 barrels per day. Since
virgin lube 0il production in Case A is nearly three times that in Case B, the
process energy consumed is nearly three times as great. Although the process
energy consumed in recovery of fuel 0il or lube 0il from waste crankcase 0ils
is small, significant losses of hydrocarbons occur during re-refining. Losses
of lube 011 during use in automobiles are the same for the two cases.

Comparison of the figures for total energy consumption for the two cases reveals
that production of lubricating oils by re-refining waste oils shows a net energy
savings of about 20,970 Btu per gallon of o0il produced over production of a like
amount of Tube o0ils from virgin atmospheric reduced crude, assuming in both
cases that all products other than the produced lubes are burned as fuel.

Re-refining the 221 million gallons per year of waste crankcase oils burned as
fuel plus the 290 million gallons (1972 volumes) disposed of by methods not
involving energy recovery would result in an annual energy savings of at least
1.5 million barrels of crude 0il equivalent. This is equal to an annual
savings of fuel o0il expense and currency outflow for foreign crude of about
$18 million.



Table 1

SUMMARY OF MATERIAL BALANCE AND ENERGY CONSUMPTION CALCULATIONS

Disposition of Waste Lube Oils

Production of Lube 0il (barrels/day)

By refining of atmospheric reduced crude

By re-refining of waste crankcase o0ils

Total lube 011 production

Energy Consumption (Btu's/day)

Process energy consumed in virgin
tube 011 production

Process energy consumed in recovery of
fuel oil (Case A) or recovery of re-
refined lTube 01l (Case B) from waste o0il

Hydrocarbon losses

During lube 0il use in automobiles

During re-refining

Total Energy Consumption {Btu's/day)

Case A Case B

to to
Fuel 0il Re-Refining

4,950 1,790

- 3,160

4,950 4,950
15.28 x 10°  5.52 x 10°
0.26 x 107 0.86 x 10°
5.94 x 100 5.94 x 107
- 4.80 x 10°
21.48 x 100 17.12 x 10°

Energy Consumed in Case A -~ Energy Consumed in Case B

Total Lube Qi1 Production

. (21.48 x 107 < 17.12 x 107) Btu's/day

4.950 b/d x 42 gal/b

20,970 Btu's/gal




The advantages of re-refining waste lube oils over burning, cited above, are
based on the presently used acid/clay techniques. Any new technology, such
as combinations of solvent-extraction, vacuum distillation, hydrotreating,
etc., which increases lube oil recovery without an offsetting increase in

process energy consumption would improve the energy conservation aspects of
re-refining.



2.0 ASSUMPTIONS

This study is based on the following assumptions:

A.

A reduced crude is charged to vacuum distillation followed by
deasphalting of vacuum residuum, solvent extraction, hydrotreating
and dewaxing of lube charge stock. The overall yield based on
reduced crude is 21.8 volume percent base lube stocks.

Lube 01l losses during use (in automobiles} are 20 volume percent*.

During use, the lube o0il1 becomes contaminated with water and gasoline.
As a result, the waste lTube o0il contains 6.8 vo]vm? percent water and
3.2 volume percent gasoline plus light fuel oils 3). The gasoline
and light fuel oils are recoverable as fuel oil.

Lube 011 recovery in re-refining is 80 percent of the lube 0il1 frac-
tion in the waste 01l feed. This 1? ?quiva1ent to an overall yield
of 72 percent of the waste o0il feed A1l calculations are based
on re-refining by the acid/clay process.

Both cases assume 4,950 barrels per day of lube 0il are charged to
the "users." Based on assumptions B and C, 4,400 b/d of waste oil
are available for use as feedstock for re-refining or for fuel
rg?overy. This figure includes water and gasoline plus light fuel
0il.

* These Tosses result from burning in the engine and spillage.

Preceding page blank



3.0 ANALYSIS OF CASE A:
LUBE OIL PRODUCTION AND WASTE OIL DISPOSAL BY BURNING

Figure 1 is a flowsheet typical of modern lube 0il plants. The general process
described is capable of producing high quality lube 0ils from a wide range of
crude o0il sources. Certain crudes which are especially suitable for use in
Tube manufacture (e.g., Pennsylvania and Mid-Continent crudes) can be used with
either less intensive processing at each step, or with elimination of some
steps. Conversely, use of crudes high in aromatics, asphaltenes or sulfur will
require more intensive processing in some of the steps. Further, different
Tube 0il feedstocks will yield different volumes of products per barrel of
throughput. Hence, the process energy requirements to produce a gallon of lube
0il depend strongly on the physical and chemical properties of the crude oil
fractions which are being processed and the selection of processing steps and
sequence. The effect of lube 011 yield on process energy requirements is
examined in some detail in Section 6.2.

Also, for a given crude oil, the fraction which is converted to lube oil varies
from firm to firm depending on the pattern of demand for the company's products
and the relative economics of producing lube oil or fuels. For example, in

the early part of 1974, price controls were removed from petroleum fuels, but
not from lube oils. Hence, it became more profitable to crack the light and
medium Tube distillates than to process these materials to Tube oils. As a
result, lube 0il stocks were drawn down. In some instances, 0il companies put
large consumers on lube oil allocation.

3.1 Atmospheric and Vacuum Distillation

Atmospheric {not shown) and vacuum distillation are the first two processing
steps in a typical refinery. The heavy crude fraction (reduced crude) from the
bottom of the atmospheric distillation unit is vacuum distilled to produce
Tight, medium and heavy distillates. The residuum from the vacuum unit may be
used in heavy fuel o0il or processed further, as in this case, to yield a heavy
lube charge stock.

Although atmospheric and vacuum distillation of crude oil are energy intensive
processes, it is quite difficult to justify assigning a given portion of the
energy consumed to the manufacture of lube oil. Even if no lube o0il were pro-
duced, these two steps might be carried out with the same energy consumption
and the distillates produced would be converted to fuels. Hence energy con-
sumed in the atmospheric and vacuum distillation steps has been omitted from
the present calculation.

Preceding page blank
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3.2 Propane Deasphalting

The residuum from the vacuum distillation tower is treated with propane to
separate asphalt from the heavy oil. The separation is based upon the diffe-
rence in the solubility of the asphalt and the heavy oil in propane. The
preducts are deasphalted oil solution and an asphalt solution. The exit solu-
tions are processed through evaporation and steam stripping to recover the
propane from the oil and asphalt products.

3.3 Solvent Extraction

Lube distillates from the vacuum tower and the deasphalted oil are separately
extracted in a blocked operation with furfural, a commonly used organic com-
pound which has a high solvent power for those components of petroleum which
are relatively unstable to oxygen as well as other undesirable materials
including color bodies, resins, carbon-forming constituents and sulfur com-
pounds. A typical furfural extraction unit consists of an extraction or
treating section, sections for the recovery of furfural from the refined oil
and extract solutions, water removal facilities, process surge tanks, and
pumping equipment.

3.4 Hydrotreating

The 0il raffinate from the furfural extraction unit, together with hydrogen,
are fed to a reactor. Hydrotreating improves the viscosity index and color
stability of the processed oils and serves to remove sulfur, nitrogen and metal
bearing compounds and carbon residues from the lube o0il feedstocks.

3.5 Hydrogen by Steam Reforming

The hydrogen consumed in the hydrotreating process is typically manufactured by
passing sulfur-free natural gas and superheated steam through nickel catalyst
tubes at a temperature of 1400°F to 1600°F. The reformed gas contains hydrogen,
carbon monoxide, carbon dioxide and excess steam. This gas is cooled and

passed through shift converters where the carbon monoxide is reacted with

steam in the presence of a catalyst to produce hydrogen and carbon dioxide.

The carbon dioxide is removed by scrubbing, and the residual carbon dioxide is
removed by methanation. The product gas typically contains 95-97% hydrogen.



3.6 Solvent Dewaxing

The wax-bearing 0il stream from the hydrotreater is diluted with a solvent and
chilled. The solvent is introduced in such amounts at selected points in the
chilling cycle so as to insure a wax crystal structure and liquid viscosity
most suitable for filtration. The filtrate is purified by evaporation of
solvent from the dewaxed 0il solution. The wax mix may be heated by either
steam or fuel-fired heaters.

The salvent employed generally consists of a mixture of methyl ethyl ketone and
an aromatic solvent (benzol, toluol, or a mixture of the two). Because of its
relatively low boiling point, the solvent can readily be recovered from the
dewaxed 0il and wax solutions in simple evaporating and steam stripping equip-
ment.

3.7 Maste Qi1 Drying

Waste oils are dried by heating and flashing off the water. Any hydrocarbons
carried overhead with the water are decanted from the condensed water and
returned to the dry oil. The waste oils are then cooled and filtered to
remove solids.

3.8 Feed

22,714 barrels per day of reduced crude are charged to the vacuum unit to meet
the fixed demand of 4,950 barrels per day of lube 0ils sent to the users,

10



4.0 DESCRIPTION OF CAS: B:
LUBE OIL PRODUCTION AND WASTE OIL RECOVERY BY RE-REFINING

The Case B process block flow diagram is shown in Figure 2. The lube oil
refining processing sequence is the same as in Case A. The difference is in
the processing of waste lube oils. In Case A, waste lubricating oils are
treated only to remove water and solids. The remaining oils (lubes plus gaso-
line and light fuel) are assumed to be blended with other fuels and burned

for energy recovery.

In Case B, crankcase drainings are re-refined to recover lube 0ils which are
recycled to the users. In this case only 1,790 b/d of virgin make-up lube

0ils are required. This reduces the atmospheric reduced crude charge to

vacuum distillation from 22,714 b/d in Case A to 8,214 b/d in Case B. However,
since in Case B waste crankcase oils are not a source of fuel supply, total

fuel 031 production is reduced by 15,300 b/d. In order to maintian a constant
supply of fuel oils, an additional stream of 15,300 b/d of reduced crude has been
added. Since the heating value of reduced crude oil is only slightly greater
than the heating value of dry waste oil (see Table 2, lines 6 and 8), this
addition has a negligible effect on the energy balance calculations.

The re-refining process considered here consists of a flash dryer, acid and
clay treating, redistillation and fg}tering. This process is typical of most
installations in the United States No provision has been made in this
study for disposal of acid sludge or spent clay.

11
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5.0 MATERIAL AND ENERGY BALANCES

Feed and product material and potential energy balances are shown in Table 2.
For this study, the potential energy is the high (gross) heating value (HHV)

of the various streams. In each case, the material and potential energy inputs
in the form of reduced crude 0il plus gasoline from cylinder leakage must equal
the material and energy outputs in the form of virgin fuels plus losses. The
entries in Table 2 verify the consistency of the data used in this analysis.

5.1 Consumed Energy

Each process step in the refining of crude 0il or re-refining of waste oils
requires energy in some combination of electricity, steam and fuel. In order
to make energy comparisons between the various processing steps, the electri-
city and steam requirements have been converted to Btu equivalents. This
permitted the calculation of the total energy input for each process, expressed
in Btu per barrel of unit charge. The conversion factors used are:

KWH x 10,000 = Btu
High pressure steam (above 150 psi); 1b x 1450 = Btu*
Low pressure steam (150 psi and less); 1b x 1400 = Btu*

Energy consumed in each of the processes considered in this study is shown in
Table 3. Table 4 summarizes the ernergy consumed in the various processing
steps for the two cases.

5.2 Comparison

Table 5 summarizes the material balance and potential and process energy con-
sumed for the two cases. The energy balance shows that the total sum of
potential energy loss plus energy consumed is 4.36 x 109 Btu/day higher for
Case A than for Case B. Based on the 4,950 b/d of Tube 0il required, the addi-
tional energy consumption is 20,970 Btu/gallon of lube 0il used.

5.3 Discussion

The two cases analyzed in this study were selected in order to determine how
energy consumed changes when a fixed amount of lube 0il and a fixed amount of
fuel oil are supplied in two different ways. The results of the material and
energy balance calculations for both methods of supply are summarized in
Table 5. Justification for the entries in Table 5 is provided in Tables 2,

3 and 4.

*Assumes a heater efficiency of 80 percent.

13
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Stream

Waxes

Hydrotreating Unit Distillate
Extract from Furfural Unit
Vacuum Gas 0i)

Asphalt

Reduced Crude

Total Virgin Fuels
Re-refining Fuel

0 N OV S W N) -

9. Total Fuel

Hydrocarbon Losses

10. Losses During Use in Auto-

mobites
11. Losses During Re-refining
12. Total Losses
13. Total Fuel and Losses
Feed

14. Atmospheric Reduced Crude
15. Gasoline from Cylinder
Leakage

Table 2

MATERIAL AND POTENTIAL ENERGY BALANCE

Heating Value

Btu/gal

142,000
142,000
154,400
142,850
163,600
150,750

142,700(A)
140,000(B)

142,800
142,800

150,750
140,000

Throughput Potential Energy

CASE A

Throughput Potential Energy

CASE B

b/d*

1,927

141
4,715
4,856
6,125

17,764
4,100

21,864

Btu/day

11.49 x 10
.84
30.58
29.13
42.09

114.13 x 10
24.57

138.70 x 10

o
(Y]
Y

144.64 x 10

143.82 x 10
.82

144.64 x 10

9

9

b/d*

697

51
1,705
1,756
2,215
15,300

21,724

140
21,864

Btu/day

4.16 x 10
.30
11.06
10.53
15.22
96.87

138.14 x 10

.82

133.96 x 10

148.88 x 10
.82

149.70 x 10

9

9

* 1 barrel = 327 gallons
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Table 3
ENERGY CONSUMED IN PROCESS UNITS

A1l utilities are per barrel of charge except in the case of the hydrogen plant
where utilities are expressed per million standard cubic feet of Hp

Process Electricity Steam-1b Fuel Total Energy
kilowatt hours HP LP Btu Btu
Propane De—asphalting(]) - 290 - 90,000 511,000
Solvent Extraction(]) 1 40 - 285,000 353,000
Hydrotreating(z) 3 - 13 26,000 74,000
Dewaxing (1) 12 40 - 290,000 468,000
Waste Lube Drying (%) 5 - - 55,000 60,000
Waste Lube Re-refining (2} 1 - 65 90,000 196,000
Hydrogen P]ant(z) (Btu/MM scf H,) 600 (35,000) - 470x10° 426x10°

* Fuel includes natural gas feed. ( ) = export steam
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Propane De-asphalting
Solvent Extraction
Hydrotreating

Dewaxing

Hydrogen Plant (Btu/MM scf H

5)

Total Process Energy Consumed
in Lube Production

Waste 0il1 Drying

Re-Refining

Total Process Energy Consumption

Consumed
Ener
Btu/bbl

511,000
353,000

74,000
468,000

426x10°

60,000
196,000

Table 4
PROCESS ENERGY CONSUMPTION

CASE A
Capacity Energy
b/d Btu/day
12,720 6.50 x 10°
11,733 4.14
7,018 52
6,877 3.22
2.11 (MM scf Hy) .90
15.28 x 10°
4,400 .26
15.50 x 10°

CASE B

Capacity
b/d

4,600
4,243
2,538
2,487

0.76 (MM scf HZ)

4,400

Energy
Btu/day

2.35 x 10°
1.50
19

1.16

.32
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.86

6.38 x 10°




Table 5
MATERIAL AND ENERGY BALANCE SUMMARY

Case A
Disposition of waste lube o0ils to fuel oil
Reduced crude charge to vacuum unit

(see Figure 1 and Figure 2) 22,714
Products, b/d
Virgin lube oil 4,950
Re-refined lube oil -
Total lube oils 4,950
Virgin fuel oil 17,764
Waste lube fuel o0il 4,100
Reduced crude oil —
Total fuel ails 21,864
Energy Balance
Total potential energy losses, Btu/day 9
(from Table 2) 5.94 x 10
Total process energy consumed, Btu/day 9
(from Table 4) 15.54 x 10
Total 21.48 x ]09

Case A - Case B = 4.36 x 10° Btu/day

4.36 x 10° Btw/d

20,970 Btu/gal
4,950 b/d x 42 gal/b ]

B

to re-refining

8,214

10.74 x 10°

6.38 x 10°
17.12 x 10°
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In Case A, where waste crankcase 0ils are converted to fuel oil, the entire
4,950 b/d of lube 0il are produced from virgin atmospheric reduced crude oil.
In Case B, where waste crankcase 0ils are re-refined to produce lube 0il,
1,790 b/d of lubes are produced from virgin oils and 3,160 b/d of lubes are
produced by waste oil re-refining. Since the process energy consumed in the
production of virgin lTube oil is about 3.09 x 106 Btu's per barrel of virgin
product, while the process energy consumed in waste crankcase oil re-refining
is only 0.27 x 106 Btu's per barrel of re-refined product (see Table 4), total
process energy consumed in Case A is much higher than in Case B. However,
since considerable hydrocarbon losses (equal to 1.52 x 106 Btu's per barrel

of re-refined product) occur during the acid treating step in re-refining

(see Table 2), the net energy losses in Case B are much higher than in Case A.
As mentioned earlier, in both Case A and Case B, the lube 0il losses during
use in automobiles (shown in Table 2) are assumed to be equal. Process

energy consumed in recovery of fuel oil from waste crankcase oils is a very
small contribution to total energy consumed (see Table 4).

The net result of these calculations is shgwn at the bottom of Table 5. The
energy consumption for Case A is 4.36 x 107 Btu/day greater than the energy
consumption for Case B. Based on Tube 0il production of 4,950 b/d, the
energy savings realized by re-refining is 20,970 Btu's per galion of lube o0il
produced.

The Waste 011 Report to Congress(Q) presents figures for the generation,
destination and disposition of waste automotive oils for 1972. Of the 616
million gallions of waste automotive oil generated, only 105 million were re-
refinedt. OF the remaining 511 million gallons, 221 million were used for
fuel and 290 million were disposed of in ways which did not involve energy
recovery (e.g., road oiling, asphalt manufacture, surreptitious dumping). If
all of the remaining 511 million gallons of waste automotive oil had been re-
refined, the net production of re-refined lube 0i1 would have been about

409 million gallons. The energy savings would have been about 20,970 Btu per
gallon for the 177 million gallons of lube 0i1 that could have been produced from
the waste automotive 0il that was used for fuel and perhaps a 1ike amount per
gallon for the 232 million gallons of tube oil that could have been produced
from the waste o0il that was disposed of in ways which did not involve energy
recoverytT. On the basis of 5.8 million Btu's per barrel, the total annual
energy savings would have amounted to about 1.5 million barrels of crude o0il
equivalent. Since domestic petroleum production is in a period of decline
this extra energy savings would reduce crude oil imports by 1.5 million

+ The 616 million gallons does not include dilution of waste oil by water,
sediment or light fuels.

T+ Use of waste oil as road oil or in asphalt manufacture replaces petroleum
proqucts normally useq in these applications. Separate energy balance calcu-
lations would be required to specify the net energy savings that would result

if]waste 01l now used on these applications were re-refined to produce lube
oil.
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barrels per year. This is enough to operate a modern 1000 megawatt oil burning
power plant for over 6 % weeks at full load. In financial terms, at a price
of $12 per barrel of crude, the annual savings in fuel expense and currency
outflow would have been $18 million. An investment of this magnitude in re-
refining facilities would be nearly sufficient to provide the capacity to pro-
cess an additional 64 million gallons of waste oil.
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6.0 SENSITIVITY ANALYSIS

Although the above analysis shows that re-refining of waste lube 0ils yields
a substantial energy savings over alternative disposal methods, the results
are dependent on a number of variables including the energy consumed in
refining process units, the lube 0il yield from reduced crude o0il, and the
Tube 011 Tosses during re-refining. In order to verify the energy conserva-
tion potential of waste 01l recycling, a sensitivity analysis was made by
increasing and decreasing the values of each of these three variables.

6.1 Refining Process Energy

As discussed above, lube 0il plants may vary considerably in the design and
type of process units utilized. For certain premium crudes, less intensive
processing at each step may be required. Some processing steps might be
eliminated. On the other hand, use of crudes high in aromatics, asphaltenes,
or sulfur requires more intensive processing. The sensitivity of the energy
balances for Case A and Case B was tested by arbitrarily increasing the
refining process energy by 50 percent and by reducing the refining process
energy sufficiently to equalize total energy consumption in the two cases.

Table 6 shows the results of this analysis. Increasing the refining process
energy by 50 percent results in a net energy savings for Case B {re-refining)
over Case A (burning) of about 44,500 Btu per gallon of lube 0il produced.
This is an increase of nearly 112 percent over the net energy savings, 20,970
Btu per gallon, determined in the base case (Table 5).

In order to equalize the total energy consumed in Case A and Case B, the
refining process energy must fall by siightly more than 55 percent. Although
the variations in process energy considered here may be extreme, it can be
safely concluded that under assumptions A through E, waste oil recovery by re-
refining (Case B) requires significantly less total energy than waste oil
disposal by burning (Case A).

6.2 Lube 0il Yield from Reduced Crude

The overall lube o0il yield determines the volume of reduced crude which must
be processed to produce a given quantity of lube oil. In the base case, this
yield was 21.8%. Since different crude oils will yield different fractions

of lube 0il, the sensitivity of total energy consumption in Case A and Case B
to Tube 0il yield was tested assuming a change in yield of plus or minus

25 percent. This means that the new overall yields were 27.2 and 16.4 percent,
respectively.

Preceding page blank
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Table 6

SENSITIVITY OF ENERGY BALANCE TO CONSUMPT&ON OF
REFINING PROCESS ENERGY (Btu/day x 107)

Increase Refining Process Energy
Consumption by 50%

Case A Case B
Net change in potential energy 5.94 10.74
Energy consumed in waste oil drying 0.26 -
Energy consumed in re-refining - 0.86
Refinery process energy 22.92 8.28
Total 29.12 19.88

9
Energy saved by re-refining = (Zghégo b}g'igizxg;?/bBt”

= 44,444 Btu/qgal

Decrease Refining Process Energy Sufficiently to Equalize Total Energy
Consumed in Case A and Case B

I[f X = required percent reduction in process energy consumption then:

15.28 (X/100) + 5.94 + 0.26 = 5.52 (X/100) + 10.74 + 0.86

9.76X = 540 X = 55 percent
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Changing the lube 0il yield requires that the material and energy balance cal-
culations be repeated in order to determine the required capacities of the
Tube treating units and the process energy consumed. These calculations are
shown in Tables 7, 8 and 9. A1l non-lube 01l throughputs were taken to be
proportional to the values for (reduced crude - lubes) shown in Table 7. Note
that in all these calculations the volume of lube oil produced remains con-
sﬁant. Only the volumes of reduced crude required and fuel products produced
change.

The effect on total energy consumption of changing the lube oil yield is
summarized in Table 10. Except for the refining process energy, all entries
in Table 10 are the same as for the base case. In all three instances, re-
refining shows a net energy savings over burning. In the base case, the net
energy savings of Case A over Case B is 20,970 Btu/gal of lube 0il produced.
An increase of 25 percent in the Tube 0il yield from reduced crude results in
reducing this net energy savings for Case B over Case A to 13,997 Btu per
gallon of Tube 0il1 produced. Reducing the lube 0il yield by 25 percent
increases this net energy savings for Case B over Case A to 32,419 Btu per
gallon of Tube 01l produced.

6.3 Re-Refining Losses

Conventional acid/clay re-refineries have an overall yield of about 72 percent
based on the waste oil feed. Based upon the assumption that the waste oil
feed contains 10 percent water plus fuels, this means that typically 20 per-
cent of the potentially recoverable lube 0i1 is lost in the acid/clay process.

In order to test the effect of re-refining losses on the energy balance calcu-
lations, the material and energy balances shown in Tables 2, 4 and 5 were
repeated under the following two assumptions:

1. Re-refining losses amount to only 10 percent of the lube contained
in the waste oil feed.

2. Re-refining losses amount to 30 percent of the lube contained in
the waste oil feed.

In these calculations, lube oil demand, Tube 0il losses during use, and waste
0il feed to the re-refinery are held constant. Changing the re-refinery losses
changes the production requirement for virgin lube 0il and hence the process
energy consumed. Of even greater importance, however, is the change in poten-
tial energy loss which accompanies a change in re-refinery yield. The rele-
vant material and energy balances are summarized in Tables 11 and 12.
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SENSITIVITY ANALYSIS - ALTER LUBE YIELD BY = 25%

Table 7

Material Throughputs (b/d)

Case A Case B
Base +25% -25% Base +25% -25%

Feed
Reduced Crude 22,714 18,200 30,183 8,214 6,580 10,914
Virgin Lube 4,950 4,950 4,950 1,790 1,790 1,790
Reduced Crude minus

Virgin Lube 17,764 13,250 25,233 6,424 4,790 9,124
Products
Virgin Lube 4,950 4,950 4,950 1,790 1,790 1,790
Waxes 1,927 1,437 2,737 697 520 990
Hydrotreating Distillate 141 105 200 51 38 72
Extracts 4,715 3,517 6,698 1,705 1,271 2,422
Vacuum Gas 0ils to Fuel 4,856 3,622 6,898 2,215 1,310 2,494
Asphalt 6,125 4,569 8,700 1,756 1,652 3,146

Total 22,714 18,200 30,183 8,214 6,581 10,914
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Table 8

SENSITIVITY ANALYSIS - ALTER LUBE YIELD BY * 25%

Required Processing Unit Capacities (b/d)

Processing Unit

Dewaxing
Hydrotreating
Solvent Extraction
Propane Deasphalting

Hydrogen (106 SCF/d)

6,387
6,492
10,009
10,137
1.95

Case A

257 -25%

7,687
7,887
14,585
16,990

2.37

Case B
+25% -25%
2,310 2,780
2,348 2,852
3,619 5,274
3,665 6,144
0.70 0.86
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Table 9
SENSITIVITY ANALYSIS - ALTER LUBE YIELD BY = 25%

Process Energy Consumption (Btu/day)

Processing Unit Case A Case B
+25% -25% +25% -25%

. 9 9 9 9
Dewaxing 2.99 x 10 3.60 x 10 1.08 x 107 1.30 x 10
Hydrotreating 0.48 0.58 0.17 0.21
Solvent Extraction 3.53 5.15 1.28 1.86
Propane Deasphalting 5.18 8.68 1.87 3.14
Hydrogen 0.83 1.01 0.30 0.37

9 9 9

13.01 x 10° 19.02 x 10 4.70 x 10° 6.88 x 10
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Table 10

SENSITIVITY ANALYSIS - ALTER LUBE OIL YIELD BY + 25%
Energy Balance Summary (Btu/day x 109)
Case A Case B
+25% Base -25% +25° Base -25%
Lube 0i1 Yield from Reduced Crude 27.2% 21.8% 16.4% 27.2 21.8%  16.4%
Refining Process Energy 13.01  15.28 19.02 4.70 5.52 6.88
Energy Consumed in Waste 0il Drying 0.26 0.26 0.26 - - -
Energy Consumed in Re-refining - - - 0.86 0.86 0.86
Total Process Energy Consumed 13.27 15.54 19.28 5.56 6.38 7.74
Potential Energy Loss 5.94 5.94 5.94 10.74 10.74 10.74
Total Energy Consumed 19.21 21.48 25.22 16.30 17.12 18.48
Summary of Enerqy Savings by Re-refining (Case B) over
Burning {Case A); (Btu/gal of Lube 0il Produced) +25% Base Case -25%
Net Energy Savings 13,997 20,970 32,419




Table 11

SENSITIVITY ANALYSIS - EFFECT OF CHANGING RE-REFINING LOSSES
ON TOTAL ENERGY CONSUMPTION

Material Balance (b/d)

Waste Lube Feed to Re-refinery

Waste Lube Feed Free of Water
and Fuels

Re-refining Losses
Re~refined 0i1 Produced
Virgin Lube Required

Ratio of Refinery Lube Production
to Base Case

Reduced Crude Required
Virgin Fuel 0ils Produced

Re-refining Fuel Produced

Total Fuel 0i1 Produced

Approximately Approximately Approximately

10% Loss 20% Loss 30% Loss
(Base Case)

4,400 4,400 4,400
3,960 3,960 3,960
400 800 1,200
3,560 3,160 2,760
1,390 1,790 2,190
0.7765 1.0 1.2235
6,379 8,214 10,050
4,988 6,424 7,860
140 140 140
5,128 6,564 8,000
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Table 12

SENSITIVITY ANALYSIS - EFFECT OF CHANGING RE-REFINING LOSSES
ON TOTAL ENERGY CONSUMPTION

Energy Balance (Btu/day x 10°)

Approximately Approximately Approximately
10% Loss 20% Loss 30% Loss
(Base Case)

Refining Process Energy 4,28 5.52 6.75
Energy Consumed in Re-refining 0.86 0.86 0.86
Total Process Energy Consumed 5.14 6.38 7.61

Potential Energy Losses:

Re-refining 2.40 4.80 7.20
Lube 0i1 Use in Automobiles 5.94 5.94 5.94
Total Potential Energy 8.34 10.74 13.14
Total Energy Consumed 13.48 17.12 20.75

:

Total Energy Consumed in Case A
(Burning) 21.48 21.48 21.48

Energy Savings by Re-refining over
Burning, Btu/gal 38,480 20,970 3,510
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The results of this analysis show that the energy balance is strongly affected
by altering the lube 0il yield from the re-refinery. Increasing the overall
yield {based on waste oil feed) from 72 percent to 80 percent increases the

net energy savings for Case B over Case A by 88 percent. Hence national
policies aimed at stimulating investment in new re-refining technologies would
be consistent with energy conservation goals. Conversely, increased re-refining

losses can result in little or even no net energy savings over waste oil
disposal by burning.
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1.0 INTRODUCTION AND SUMMARY

1.1 Objectives

This report presents a plan for conducting a field test of the quality of re-
refined lube oil under controlled conditions. The goal of the program is to
provide the re-refining industry with an opportunity to demonstrate the quality
of its products in order to revise lube 0il specifications established by the
Federal government. Since these specifications prohibit the purchase of re-
refined 0ils by government agencies, many commercial/industrial consumers have
been reluctant to use these products. Demonstration of the quality of re-
refined 0il at a Federal facility could lead to revision of these specifica-
tions to permit procurement of re-refined engine oils by government agencies.
This in turn would reduce barriers to sales of re-refined oil in high quality
commercial and industrial markets.

1.2 Background

Previous research has described the economic, technical, environmental and
institutional barriers to recovery of waste oil by re-refining. Briefly stated,
these studies have determined that:

1. Waste 0il recovery by re-refining is desirable because:

(2)

® Valuable resources are conserved

® Energy is conserved(B)

(1)

® Pollution risk can be reduced

2. Production of re-refined 0il has falien sharply and the re-refining
industry has contracted because:

® Between 1960 and 1973 many re-refiners, faced with increased
costs and competition from suppliers of virgin lube oils,
were unable to increase prices in order to maintain profit-
able operagions. A large number of these firms went oul of
business( .

L Re—refiqers have failed to provi%e the public with products
of consistently high quality (1,2),



® The lack of quality assurance has restricted most sales of
re-refined 0il to low quality markets; in these markets
profitability is subject to wide fluctuations depending on
the s?ggly of virgin jube oils and general economic condi-
tions\c/,

® Equipment modifications to meet environmental regulations
have bee geyond the financial capability of some re-
refinersi2),

3. Since late 1973, when world petroleum prices rose by a factor of four,
the re-refining industry has enjoyed a period of increased profit-
ability. Nevertheless,

® High prices and depressed economic conditions have curtailed
the demand for lubricants to the point where market prices
for re-refined lube 0ils have recently begqun to fall.

® Increased production costs, due to competition from fuel
reprocessors for waste oil feedstocks and inflation in the
cost of raw materials, are also contributing to a decline
in the profitabiiity of re-refining.

4. One strategy for prevention of recurrence of a cost/price squeeze in
re-refining is the development of high quality markets for re-refined
oil.

® The profitability of sales in these markets is considerably
higher than sales in the Tow quality markets to which re-
refined 011 is now restricted.

® The few re-refining companies which have been successful in
penetrating high quality lube oil markets have, without
exception, experienced long periods of continued profita-
bitity(2).

5. The major difficuities faced by re-refiners in penetrating high quality
commercial/industrial lube o0il markets is the poor public image of the
quality of re-refined oils.

® A successful demonstration of the use of re-refined oil in a
high quality commercial application could well provide the
industry with an opportunity to increase sales to the
commercial/industrial sector.

® Lube 01l specifications established by the Federal government
are a major influence in the selection of lubricants for use
in the commercial/industrial sector. Since these specifica-
t1ons.prohibit the purchase of re-refined oils by government
agencies, many commercial/industrial consumers are reluctant
to use these products.



6. New investment in waste oil recovery and an increase in the produc-
tion of re-refined o0il could result if:

® A field test of the quality of re-refined 0il at a Federal
facility was successfully accomplished.

® following the successful demonstration, current Federal

specifications were revised to permit procurement of re-
refined engine oils by government agencies.

1.3 Description of the Program

Since military bases operate vehicle types similar to those owned by potential
commercial/industrial users of re-refined 0il, one or more of these facilities
would be suitable locations for conduct of such demonstrations. The selection
of candidate facilities is, however, limited by the volume of waste 01!
generated on site and the distance of the base from a reputable re-refiner.
The first limitation is imposed by the requirement that the properties of the
waste oil feedstock to the re-refinery be held reasonably constant in order to
assure that the performance of the Tube 0i' so produced will always fall
within specified 1imits. One way of meeting this requirement is to re-refine
the waste oil drained from vehicles operated by the participating facility.
This arrangement, which is called a “closed-cycle system," provides the
customer with assurance that the properties of the lube o0il purchased will not
be affected by changes in the feedstock from which the 0il is produced.
Normally between 2000 and 3000 gallons of waste oil are required for economic
batch operation of a re-refinery. Hence participating facilities are limited
to those with relatively large lube 0il requirements. The economics of waste
0il and lube 0il transport pose additional restrictions on the locations where
closed-cycle demonstrations are feasible. However, a number of military
facility-re-refiner combinations have been identified which meet these restric-
tions.

A field test of the quality of re-refined oil will require the cooperation of

a number of persons including facility personnel involved in purchasing, waste
disposal and vehicle maintenance. A systems engineer familiar with lube oil
service requirements and the additive response of base oils will provide
technical assistance to the re-refiner and, in cooperation with representatives
of EPA, will be responsible for selection of participating facilities and re-
refiners, coordination of the demonstration and establishment of policies and
procedures for program implementation.

Policies and procedures for program implementation define the responsihilitice
of key personnel involved in the field test and the conditions for conduct of
the demonstration under closed-cycle conditions. Thus, waste oils drained from
facility vehicles must be segregated from other wastes and made available to
the-rg-refiner in volumes adequate for batch operation of his plant. Re-
refining must be carried out under specified operating conditions in order to
assure product quality. Laboratory testing of each batch is necessary to



provide evidence of constancy of base oil properties. Suitable additive
packages will be selected on the basis of engine sequence tests performed on
the first batch of re-refined 0il produced in any demonstration. Lube 0ils
produced must meet the specifications established for relevant service appli-
cations. Facility personnel responsible for vehicle maintenance will monitor
the performance and lube 0il consumption of test vehicles.

For each vehicle type which is used in the field test, four units will be
operated using re-refined o0il and four units will be operated using a quaiified
virgin oil. Measurements of the wear of key engine parts and ratings for rust,
sludge, and varnish formation will provide the basis for comparing the perform-
ance {(quality) of the re-refined oil and the virgin oil.

Successful compietion of the field test will Tead to a second phase of the
program in which the restriction against the use of outside sources of waste
0il would be removed. Successful completion of the second phase will lead to
the establishment of new government specifications which allow the procurement
of re-refined o0il. Revision of government specifications and the favorable
publicity which will result from successful demonstrations will aid in estab-
1ishing the confidence of commercial/industrial consumers in the quality of
properly re-refined oils. This will enable re-refiners to sell their products
for use in high quality applications. The magnitude and stability of profit
margins in these markets should encourage new investment in waste oil recovery.



2.0 CONCEPTUAL FRAMEWORK FOR THE EXPERIMENT

A field test for demonstrating the quality of re-refined oil could logically be
conducted at any location where an adequate number of vehicles is available to

provide for statistically significant test results. The program proposed here

is, however, considerably more constrained than a normal product field test; in
order to meet the goals of the demonstration, a number of restrictions must be

placed on the experiment.

Since a goal of the demonstration is to encourage acceptance of re-refined
crankcase 0il by commercial and industrial customers, the vehicles involved in
the demonstration must be similar to those operated by these potential users

of re-refined oil. The service classifications of Tube o0ils used in the demon-
stration vehicles will then be the same as the service classifications of lube
0ils used in vehicles operated by commercial and industrial consumers. A
large military base where vehicles such as 1light and heavy trucks, buses and
motor pool passenger cars are operated is one type of facility which meets
these requirements.

However, in order to carry out a demonstration at a military base (or any other
government facility), the lube 0il used must pass the physical, chemical and
performance tests which are a part of military specifications. While there is
evidence to indicate that properly re-refined oils biended with appropriate
additives can pass these tests, military specifications also require that once
a lube 0il has been qualified, no changes in the feedstock, refining process or
additive package can be made. This requirement places an additional restric-
tion on the proposed demonstration since re-refined oil is normally produced
from waste 0ils collected from a variety of sources.

However, if the demonstration is arranged so that the waste 0il1 which is re-
refined is collected from the vehicles which will use the re-refined oil, then
the restriction against variations in feedstock can be met. This type of
arrangement, which is depicted in Figure 1, is called a closed-cycle re-refining
system. Closed-cycle systems have economic as well as quality control benefits.
A number of re-refiners have, for many years, produced re-refined 0il under
c]osed-cy%]g conditions for industrial and commercial clients, especially
railroadsi2).

Although a closed-cycle demonstration offers control over possible variations
in feedstock properties, additional restrictions must be imposed on the experi-
ment. Since waste oils supplied by the facility must be kept separate from
waste 0ils collected elsewhere, the volume of feedstock required will be fairly
large. This is because the charge to a re-refinery must, in general, be at
lTeast 2,000-3,000 gallons for economic operation. Assuming that most vehicles
require about one gallon of lube 0il1 and that dilution of crankcase oil with
fuel and water is compensated for by losses during vehicle operation, the
crankcase drainings from approximately 2,000-3,000 vehicles will be needed to
produce the minimum volume of re-refinery feedstock. Further, since waste oil

[Sa}



Fiqure 1

CLOSED-CYCLE RE-REFINING SYSTEM

Processing
' >
laterials Re-Refined Lube 0i1
Additives Virgin Lube 0il
_ Y o X _
| Re-Refiner | Federal Fleet
y,
Waste Products €—— > Burning Loss

Used Lube 0i}




cannot be economically transported over great distances, the facility must be
located within reasonable proximity to the re-refiner. Hence, candidate
facilities for the proposed demonstration should meet the following criteria:

1. Be willing to participate

2. Have a large number of vehicles whose lube ¢il requirements and
operating conditions are similar to those of vehicles owned by
potential commercial and industrial users of re-refined oil

3. Be located near a qualified re-refiner

A qualified re-refiner must be capablz of producing lube oils which can be
qualified under the rigid quality control standards set forth in military
specifications. In addition, the re-refiner must have established a reputation
for consistently producing high quality crankcase oils. This performance
should be documented by references from his existing commercial and industrial
clients and by laboratory tests of the physical and chemical properties of
re-refined base o0ils produced by his company (see Section 4.3 and Appendix A
for a discussion of appropriate laboratory tests). Preferably, the re-refiner
should have experience in Tube 011 production under closed-cycle conditions.
Further, it is essential that the participating re-refiner recognize the need
for maintaining the highest standards of product quality and professional
services. For if an attempt at demonstrating the quality of re-refined oil
should fail, it would be extremely difficult to persuade any government or
private facility to participate in future demonstrations. Moreover, barriers
to acceptance of re-refined 0il in high quality markets would remain intact.
Thus the participating re-refiner must be willing to accept this responsibility
and the fact that he has a stake in the successful completion of the demonstra-
tions.



3.0 THE PARTICIPANTS IN A CLOSED-CYCLE DEMONSTRATION

This chapter provides a description of the duties and qualifications of the key
personnel representing the Government and the re-refiner who will participate
in the field test of re-refined o0il. In addition, the criteria for selection
of the participating facility and re-refiner are developed in some detail in
order to insure that the restrictions described in Section 2.0 are met. Esti-
mated volumes for lube 0il consumption and waste 0il generation for major
military facilities are presented; locations of these bases are then matched
with nearby re-refiners in order to minimize transport costs and provide a
preliminary listing from which the choice of the facility and re-refiner can be
made.

3.1 Key Personnel and Their Roles

A successful closed-cycle demonstration of the use of re-refined oil will
require the cooperation of a number of participants. These people will include
representatives of the participating Federal facility, the re-refiner; the
Environmental Protection Agency; the Departnient of Defense; and a systems
engineer who is acquainted with the response of base lube o0ils to additive
formulations, the lube 0il requirements of a wide range of vehicle types and
the testing procedures for evaluation of lube 0il quality.

3.1.1 Federal Facility Personnel

The participating activity will provide both the source of the waste oil and
the vehicles which will use the re-refined product. Consequently, personnel
concerned with property disposal, oil purchases, quality assurance and vehicle
maintenance will be involved. In addition, an oversight officer should be
assigned to monitor the progress of the demonstration and coordinate the
activities of the facility personneil.

The property disposal personnel will have responsibility for assuring that
waste lube oils available for collection by the re-refiner are kept separate
from other wastes and free of undesirable contaminants. Since current practice
at many Federal facilities is to mix waste lube oils with other wastes incluc-
ing gear oil, fuel oils, grease, paint, solvents, etc., modification of wacte
management practices and acquisition of separate storage facilities will
probably be required. Property disposal personnel will keep records of Lhe
sources and volumes of waste Tube 0il which are added to the storaqge containers,
and the volumes of used 0il which are removed for re-refining. Samples of
waste 0il should be withdrawn and examined prior to removal for re-refining in
order to assure the re-refiner that the feedstock is free of undesirable
contaminants.
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Personnel responsible for lube 031 purchase will monitor the quantities,
specification types, viscosities and container sizes of lube o0ils recycled to
the facility. The brand name of these products must be clearly marked in order
that they be distinguished from other lubricants in use at the facility.
Records should be kept which include prices, dates of purchase and delivery

as well as the information mentioned above.

Samples from each shipment of re-refined lube 0il should be sent to the quality
assurance personnel who will be responsible for obtaining data on the physical
and chemical properties of the recycled oil. If laboratory facilities are not
available on site, it will be the responsibility of the quality assurance group
to obtain test results from a nearby independent laboratory.

The cooperation and support of personnel responsible for vehicle maintenance
are essential to the conduct of closed cycle demonstrations. These persons,
including shop foremen and mechanics, have responsibility for the mechanical
performance of facility motor pools and may, therefore, be somewhat reticent
to substitute re-refined oils for lubricants which have provided satisfactory
performance. Close contact should be maintained between maintenance personnel,
the systems engineer and the re-refiner in order that any questions concerning
Jube 0il1 performance, specifications, additives and physical and chemical
properties be quickly resolved. The close working relationships which exist
between re-refiners and their quality conscious commercial and industrial
customers should serve as examples for the closed-cycle demonstration.

The maintenance personnel should keep records of vehicle service including
dates, oil change intervals in miles and weeks, quantities and types of oil
added, o0i1 filter types and change intervals, incidence of engine maintenance,
etc. Any mechanical probiems should be reported immediately in order that a
determination of the probable causes can be made. If any vehicles in use at
the facility are believed to suffer from manufacturing defects, these vehicles
should be excluded from the demonstration.

3.1.2 Re-Refining Personnel

Success of the closed-cycle demonstration is highly dependent upon the integrity
and diligence of the participating re-refiners. Although a successful demonstra-
tion will provide re-refiners with a valuable opportunity to expand sales of
re-refined 0il to quality conscious customers, participation in a demonstration
may result in little or no immediate financial return. Thus it is essential

that the participating re-refiner be willing to accept the longer term

marketing benefits that can result.

The re—refiner must pay strict attention to feedstock quality and segreqation.
Co]}eqtlon vehicles and storage facilities must be free of contaminants. Re-
ref1n1pg process conditions must be strictly monitored. The properties of the
base 0ils produced must be tested for compliance with physical, chemical and
performance standards established under existing specifications.
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Recommended additive packages must be blended in required proportions. Deter-
mination of the proper amounts and types of additives should be made by the
systems engineer.

Packaging of lube oils for use in a demonstration should reflect the needs of
the participating facilities. Service classifications, specifications,
viscosity and brand name should be clearly marked. Container sizes should be
as specified by the purchasing agent at the Federal facility.

3.1.3 The Systems Engineer

The systems engineer should possess extensive knowledge of lube 011 require-
ments of internal combustion engines operating under a wide range of service
conditions. He should be intimately familiar with the "additive response" of
base lube o0ils and the testing procedures for lube 0il qualification under
existing specifications. He should have extensive experience in providing
technical services to re-refiners and to producers and compounders of virgin
lube oils. Above all he must be capable, as an independent expert, of pro-
viding technical advice to the vehicle maintenance and quality assurance
personnel as well as to the re-refiner.

3.1.4 Representatives of EPA and the Department of Defense

Representatives of EPA and the Defense Department will have responsibility for
selection of the participating facility and re-refiner, for initiation of the
closed-cycle demonstration, for close monitoring of the program, for resolv-
ing any difficulties that may arise and for disseminating the results of the
demonstration to all interested parties.

It is particularly important that these representatives maintain close contact
with the other key personnel in order to assure the success of the program.
They must be familiar with lube 0il purchase, vehicle maintenance and waste oil
disposal procedures at the participating facility. They must have knowledge
of re-refining technology and the performance properties of various lube/oil
additive blends. Finally, they must have a grasp of the roles and concerns of
each of the key personnel and how these persons must cooperate in order to
effect a successful demonstration.
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3.2 Selection of the Participating Facility and Re-Refiner

3.2.1 Lube 0il Consumption and Waste 0il Generation

Table 1 is a summary of the estimated volume of crankcase oils procured by
major military facilities in fiscal 1975. The figures must, however, be viewed
as only rough estimates of the actual quantities of lube o0il consumed. This
is because a military facility may order Tube o0ils either directiy from
qualified suppliers whose bids have been accepted by the Defense Fuel Supply
Center (DFSC) located at Cameron Station, Virginia, or from military service
depots which are Tocated throughout the country. Oata on lube 0il procurement
may ?e §ound in the 0i1 Contract Bulletin, which is published annually by

DFSCU 4 ). The data in Table 1 reflect volumes of lube 0il procured (but not
actually ordered) by DFSC under indefinite quantity contracts which have not
been funded. Lube 0ils procured in this manner are, upon request, delivered
by the supplier directly to the ordering activity. Large orders are handled
in this way in order to reduce costs associated with warehousing. Table 1
does not account for smaller lube 0il orders which are handled by military
service depots. Thus the estimated lube 01l needs for each facility do not
reflect quantities of oil actuaily purchased. Data on actual Tube oil
purchases by military facilities are not publicly available.

Data on waste crankcase oil generation at military facilities are also not
available to the public. The Naval Supply Systems Command did commission a
study by Exxon Research and Engineering Compan{ o; waste 0il generation and
disposal at nine major Navy terminal complexes! 5/, This research was com-
pleted in 1973 but distribution of the results has been restricted. Studies
of waste crankcase oil generation at Army and Air Force facilities have not
been made. An estimate of annual volumes of waste crankcase 0il generated at
a given facility can be made by applying a "waste 0il generation factor" to
the figures for estimated procurement shown in Table 1. A waste o0il genera-
tion factor is that fraction of lube 0il purchases which is not consumed or
Tost in use and is, therefore, available for ultimate disposal. If one
assumes that for a government fleet eighty percent of 0il purchased is used
for 011 changes and that the o0il drained is equal to eighty percent of filled
capacity, then the appropriate waste oil generation factor is 0.64. Thus, a
rough approximation of the waste 0il that might be made available for re-
refining in a closed-cycle demonstration at a given facility can be obtained
by multiplying the procurement volumes shown in Table 1 by this factor. Based
on this method, about 1.27 million gallons of waste oil were generated in
fiscal 1975 at the 21 military facilities listed in the table.
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Table 1

ESTIMATED PROCUREMENT OF INTERNAL COMBUSTION ENGINE
LUBRICATING OILS FOR MILITARY FACILITIES FOR FISCAL YEAR 1975*

Name and Location

Fort Riley, Kansas

Fort Hood, Texas

Fort Lewis, Washington

Fort Bragg, North Carolina
Camp Lejeune, North Carolina
Fort Carson, Colorado

Fort Si11, Oklahoma

U.S. Marine Corps, 4th Amtrac Battalion,
Tampa, Florida

Naval Ship Compound, Norfolk, Virginia
Fort Campbell, Kentucky

Fort Bliss, Texas

Fort Benning, Georgia

Camp McCoy, Wisconsin

Camp Shelby, Mississippi

Marine Corps Air Station,
Cherry Point, North Carolina

Fort Eustis, Virginia

Travis Air Force Base, California
Fort Knox, Kentucky

Elgin Air Force Base, Florida
Tinker Air Force Base, Oklahoma

Fort Meade, Maryland

McClellan Air Force Base, California

TOTAL

Estimated Lube 0il Procurement

(gallons)

320,000
260,000
144,000
129,000
128,000
128,000

86,000

89,000
89,000
70,000
68,000
56,000
54,000
54,000

53,000
48,000
40,000
40,000
36,000
35,000
34,000

1,993,000 gallons

* A1l lube oils listed were procured under specifications MIL-L-2140C and

MIL-L-46152.

specification MIL-L-2104C.

Source:

Of the oil procured, more than 90 percent was procured under

0i1 Contract Bulletin - Fiscal Year 1975; DSA 600-74-0100; Defense

Fuel Supply Center, Cameron Station, Alexandria, Virginia. )
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3.2.2 Waste 0il Disposal

The Defense Supply Agency (DSA) has established a detailed set of policies and
procedures for disposal of surplus property by military faci11t3es. In t?e
case of waste lubricating oils the Defense Disposal Manual specifies that 6):

Disposition...may be by one of the following methods if in
accordance with Jocal pollution abatement rules:

1) Burning as fuel oil

2) Spraying on roads, parking areas, etc., to control dust
3) Use in experimental fire fighting practices

4) Use as a spray for insect control

5) Any other authorized use on the activity

6) Donation to authorized recipients

7) Sale

8) Abandonment or destruction of oils which have no sale
value

If waste Tube oils are not disposed of by methods 1-6, these materials are
supposed to be offered for sale by the local Defense Property Disposal Office
(DPBO). There are 190 DPDO's located throughout the country. These DPDO's

are divided into three sales regions having headquarters offices in Ogden, Utah,
CoTumbus, Ohio and Memphis, Tennessee. Upon request from a local DPDO, the
headquarters office issues an Information for Bid (IFB). Awards are made on

the basis of the highest price bid for each item listed in the IFB. Thus, if
large volumes of waste lube 0il are not disposed of on site, data as to the
location and quantity of these wastes should be available from DSA.

In order to test this hypothesis, copies of all IFB's issued during the calen-
dar year 1973-1974 were obtained from the Market Research Group at Defense
Property Disposal Headquarters, Battle Creek, Michigan. Table 2 summarizes the
data collected for sales of waste crankcase oils. Approximately 345,000 gallons
of waste 0il were sold through local DPD0's during this period. Since this
figure is less than 30 percent of the volume of waste 0il estimated in Section
3.1.1 (and a much smaller fraction of total waste oil generated annually by all
military facilities in the continental United States), it is clear that if
specified disposal procedures have been followed then only a very small frac-
tion of these materials have been made available for recycling. Further, in
most cases the waste crankcase oils sold through the DPDO's were contaminated
with a number of other waste petroleum products. Hence the actual volumes of
recoverable lube 01l are much lower than the volumes listed in Table 2.
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Table 2

SALES OF WASTE CRANKCASE OILS BY DEFENSE PROPERTY DISPOSAL SERVICE

Date of Sale

Movember 14, 1973

December 19, 1973

January 3, 1974

February 27, 1974

February 27, 1974

February 27, 1974

March 5, 1974

March 5, 1974

March 21, 1974

April 16, 1974

April 16, 1974

May 3, 1974

May 21, 1974

June 25, 1974

Yolume

(galtons)

50 drums
containing
2750 gallons

800 drums
containing
44,000 gallons

15,000

19¢ drums
containing
5940 gallons

85 drums
containing
4655 gallons

507 drums
containing
25,350 gallons

25,000

35 drums
containing
1750 gallons

218 drums
containing
12,000 gallons

91 drunms
containing
5,000 gallons

273 drums
containing
15,000 gallons

750 drums
containing
41,250 gallons

1525

30 arums
containing
1,650 galtons

Location

Successful 8id

(cents per gallon)

Fort Gordon,
Georgia

Fort Devens,
Mass.,

Letterkenny Army
Depot, Chambersburg,
Pennsylvania

DPOQ, Portsmouth,
Rhode Island

DPDO, Naval
Training Center,

rejected

3.6

2.3

N.A.

N.A.

Great Lakes, Illinois

DPDO, Fort Meade,
Maryland

Naval Air Station,
Corpus Christi,
Texas

Fort Huachuca,
Arizona

0PO0, Fort Belvoir,
Virginia

DPDO, Grissom Air
Force Base, Peru,
Indiana

Luke Air Force
Base, Arizona

Naval Air Stotion,
tkorfolk, Virginia

Lockbourne Air
Force Base,
Lockbourne, Ghio

Camp Pencelton,
California

N.A.

none received

N.A.

1.1

H.A.

N.A.

none received

Comments

Drums included in sale.
High bid of $1.06 per
drum rejected as too low,

Drums incluced in sale.
011 contaminated with
solvents, sludge, etc.

Orums leaking.

Used engine o1l from
aircraft and reciprocating
engines.

Contaminated ofl and fuel
mixed with water.

Contaminated aircraft and
automotive lube ofls

Drums included in sale.

Orums included in sale.
Used automotive and
aircraft and engine oils.

Automotive and hydraulic
oils, sclveats, carbon
remover.  rums included
in sale.

Fyel ofl, hydraulic o,
tubiricattng ofl ang et
fuel.

Jet and autouotive cnine
ofl, Jet fucl, aviation
gasoline, hydraulic tluid,
selvents.




Table 2 (continued)

SALES OF WASTE CRANKCASE QILS BY DEFENSE PROPERTY DISPOSAL SERVICE

Date of Sale

July 2, 1874

July 17, 1974

July 30, 1974

August 20, 1974

August 20, 1574

August 20, 1974

August 20, 1974

September 11, 1974

October 1, 1974

October 1, 1974

October 1, 1974

October 22, 1974

Volume

{gaTlons)
10,000

8,000

300 drums
containing
16,500 gatlons

100 drums
containing
5,500 gallons

111 drums
containing
6,100 gallons

250 drums
containing
13,755 gallons

880 drums
containing
48,400 gallons

50 drums
containing
2750 gallons

10,000

17 drums
containing
935 gallons

365 drums
containing
20,000 gallons

36 drums
centaining
2,000 gallons

Total Volume 344,810 gallions

Location Successful Bid Comments
{cents per galion)
Otis Air none received

Force Base,
Falmouth, Mass.

Fort Campbell, 4.5
Hopkinsville,
Kentucky

Fort Devens, rejected

Mass.

U.S. Coast Guard N.A.
Yard, Curtis Bay
Baltimore, Md.

U.S. Naval N.A.
Academy,
Annapolis, Md.

Norton Air Force 18
Base, California

Malstrom Air Force 3
Base, Montana

Fort Gordon, 7.4
Georgia

0tis Air Force N.A.
Base, Falmouth,
Mass.

Plattsburgh Air 36.3
Force Base,
Plattsburg, New York

Wurtsmith Air rejected
Force Base, ,

Oscada, Michigan

Whiteman Afr 3.75

Force Base,
Knob Noster,
Missouri

Drums included in sale;
high bid of 13.5¢ per drum
rejected as toc low.

Lute oils from ships, boats,
automobiles, trucks, cranes
and powerhouses. Orums

are dented and rusty.

011, fuel and lubricants,
waste.

Aircraft and asutomotive
engine oils, petroleum
derivatives, dirt, and
chemicals. ODrums included
in sale.

Aircraft and reciprocating
engine oils, antifreeze
solvents, water, etc.
Orums included in sale.

Drums included in sale.

Used engine oil contaminated
with solvents, water, etc.

Drums included in sale.

Aircraft and reciprocating
engine lube oils. [tem
withdrawn Jue to
misdescription.

Brums fncluded in sola.

16




According to DSA personnel, waste crankcase oils which are not sold through
DPDO's are generally disposed of by burning. This is especially true at facili-
ties where fuel oil is used for heating. However, a number of large bases are
located in regions, such as the south central states, where natural gas is

still the principal boiler fuel. The data in Table 2 indicate that in 1974 very
little waste oil was sold by DPDO's located in this region. Since waste lube
0ils could not be used for fuel at these installations it is possible that
disposal is being accomplished by incineration without energy recovery or by
some other environmentally undesirable method. Although it is possible that
these facilities could be selling waste oils directly to independent collectors,
this practice is prohibited under DSA regulations.

3.2.3 Lube 0il Procurement by Military Facilities

Lubricating oils for use in motor vehicle engines are procured under two sets
of specifications. Specification MIL-L-2104C is for "Lubricating 0il, Internal
Combustion Engine, Tactical Service." Lubricating oils covered by this speci-
fication are intended for the crankcase lubrication of reciprocating spark
ignition and compression ignition engines used in all types of military tacti-
cal ground equipment and for the crankcase lubrication of high speed, high
output, supercharged compression ignition engines used in all ground equipment.
Specification MIL-L-46152 is for "Lubricating 0il, Internal Combustion Engine,
Administrative Service." Lubricating oils covered by this specification are
intended for the crankcase lubrication of commercial-type vehicles used for
administrative (post, station, and camp) service typical of: (1) gasoline
engines in passenger cars and light to medium duty trucks operating under
manufacturer's warranties; and (2) lightly supercharged diesel engines operated
in moderate duty. Lubricating oils procured under either specification are
intended for use when ambient temperatures are greater than -20°F. Further
details of each specification are provided in Appendices A and B.

Since the goal of the field test is to demonstrate the performance of re-refined
0ils used in vehicles operated by commercial and industrial consumers, lube
0ils used in the test program should meet the requirements of Specification
MIL-L-46152. However, an inspection of Table 1 reveals that only a small
fraction of the Tube 0il requirements of major military facilities are met by
administrative service oils. More than 90 percent of the lube 0il procured in
fiscal year 1975 met Specification MIL-L-2104C. Conversations with DFSC
personnel revealed that in many cases it is likely that lube oiil which mecly
both Specifications is being used in vehicles which require administrative
service 0il. Vehicles selected for use in the field test described in Chapter 4
must meet the definition of administrative service provided above.

P(ocedures and policies for lube 011 qualificatjon under military specifica-
tlons'have been presented in a previous study(83 Lube 0il procurement for all
agencies of the Federal government is the responsibility of DFSC. Nearly all
lube 0il is procured in five gallon pails, 55 gallon drums or in bulk tank car
loads. An exception is lube 0i1 ordered by the Defense General Supply Center

in}?ichmond, Virginia, some of which is procured in containers smaller than five
gallons.
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Each year DFSC prepares a list of the previous year's lube oil purchases for
each government agency. Such a Tist is sent to all ordering activities who
then respond with an estimate of the coming year's requirements. The various
military and Executive Branch agencies submit to DFSC their total lube o0il
requirements. DFSC then distributes invitations to submit bids for lube 0il
supply to all firms Tisted on a bidder's mailing list. Any company may submit
a bid provided the firm can prove that:

1. It is a qualified supplier (i.e., its lube 0il meets the military
specification under which the oil is being procured); or

2. It is supplying the product of a qualified supplier.

Bids received are evaluated solely on the basis of price, provided, of course,
that the lowest bidder is a qualified supplier. Contracts are then prepared
and a bulletin of successful bidders is printed and mailed to the ordering
activities for all government facilities. This is the 0il Contract Bulletin
described earlier. The ordering activities place their order directly with the
contractors listed in the Bulletin. DFSC does not maintain an inventory of
Tube 011 products. A1l the contracts are for indefinite quantities of o0il and
are unfunded with no prepayment clauses. Payment is made after delivery to the
facility making the order. However, DFSC administers any problems which may
arise between the ordering activity and the lube 0il supplier.

Lube 0il ordered by the Defense General Supply Center in packages smaller than
five gallons is procured by DFSC on firm quantity, firm funded contracts. The
Defense General Supply Center maintains inventories of these packaged lube o0ils
at Defense Depots located throughout the United States.

3.2.4 Potential Participants - Military Facilities and Re-Refiners

Figure 2 is a map of the United States which shows the locations of the mili-
tary facilities listed in Table 1 and the locations of existing re-refineries.
The Tegend for this map is provided in Table 3 which shows the distances between
each military facility and the two nearest re-refineries. Names, addresses and
telephone numbers of the re-refining companies are Jisted in Table 4. The data
in Table 3 provide a basis for a tentative matching.of potential participants
with re-refiners. Using the selection criteria discussed above, several facili-
ties should be chosen. Once authorization has been received from the Defense
Department, specific data for these bases should be collected which include

the following information:

® Names and telephone numbers of the following base personnel:

Base Commander

Purchasing Agent

Property Disposal Officer
Vehicle Maintenance Foreman



Actual lube 0i1 requirements by viscosity and service classification
Number and types of vehicles operated
Current vehicle maintenance procedures

Current waste 0il disposal practices

A1l of this information can probably be obtained from the base personnel. One
or more meetings should then be arranged between the base personnel, the re-
refiner, the systems engineer and representatives of EPA and the Department of

Defense.

The purpose of these meetings will be to acquaint each person with the

policies and procedures to be followed during the demonstration and his respon-
sibilities in the conduct of the test program.
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Figure 2
LOCATIONS OF KEY MILITARY FACILITIES AND NEAREST RE-REFINERIES
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Table 3

LOCATIONS OF KEY MILITARY FACILITIES AND NEAREST RE-REFINERIES

1
1
|
'

i
L

L o Estimated Lube Distance
Military Facility 0il Procurement Nearest Re-Refinery (Highway
Fiscal 1975 (gal miles)
CALIFORNIA
McClellan A.F.B., California 32,000 Fabian 0i1 Refining Company, Oakland, California 80
Bayside 0il Corp., San Carlos, California 100
Travis A.F.B., California 40,000 Fabjan 0i1 Refining Company, Oakland, California 80
Bayside 0il1 Corp., San Carlos, California 100
COLORADO
Fort Carson, Colorado 128,000 Alco Refining Co., Salt Lake City, Utah 555
FLORIDA
Elgin A.F.B., Florida 36,000 Davis 0il Co., Tallahassee, Florida 157
Jackson 0i1 Products Co., Jackson, Mississippi 298
U.S. Marine Corps, 4th Amtrack 89,000 Peak 0il Co., Tampa, Florida 0
Division, Tampa, Florida
Petroleum Products Co., Hallandale, Florida 234
Davis 011 Co., Tallahassee, Florida 237
GEORGIA
Fort Benning, Georgia 56,000 Seaboard Chemical Co., Doraville, Georgia 118
Davis 0il Co., Tallahassee, Florida 157
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Table 3 (continued)
LOCATIONS OF KEY MILITARY FACILITIES AND NEAREST RE-REFINERIES
Estimated Lube Distance
Military Facility 0i1 Procurement Nearest Re-Refinery (Highway
Fiscal 1975 (gal) miles)
KANSAS
Fort Riley, Kansas 320,000 Coral Refining Co., Kansas City, Kansas 124
Double Eagle Refining Co., Oklahoma City, Okla. 273
KENTUCKY
Fort Campbell, Kentucky 70,000 Gurley 0i1 Co., Memphis, Tennessee 198
Keenan 0il Co., Cincinnati, Ohio 292
Seaboard Chemical Co., Doraville, Georgia 301
Fort Knox, Kentucky 40,000 Keenan 0i1 Co., Cincinnati, Ohio 145
| Westville 0i1 and Mfg., Inc., Westville, Indiana 280
MARYLAND
Fort Meade, Maryland 34,000 Berks Assoc., Inc., Douglasville, Pennsylvania 106
Diamond Head 0jl1 Refining Co., Kearny, New Jersey 190
National 0il1 Recovery Corp., Bayonne, New Jersey 190
MISSISSIPPIL
Camp Shelby, Mississippi 54,000 Jackson 0il1 Products Co., Jackson, Mississippi 96
% Davis 0i1 Co., Tallahassee, Florida 347
é S&R 0il1 Co., Houston, Texas 419
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Table 3 (continued)

LOCATIONS OF KEY MILITARY FACILITIES AND NEAREST RE-REFINERIES

o . Estimated Lube Distance
Military Facility 0i1 Procurement Nearest Re-Refinery (Highway
Fiscal 1975 (gal) miles
NORTH CAROLINA
Fort Bragg, North Carolina 129,000 South 0il1 Co., Greensboro, North Carolina 83
Seaboard Chemical Co., Doraville, Georgia 360
Marine Corps Air Station 53,000 South 0il1 Co., Greensboro, North Carolina 205
Cherry Point, North Carolina
Berks Assoc., Inc., Douglasville, Pennsylvania 452
Seaboard Chemical Co., Doraville, Georgia 491
Camp LeJeune, North Carolina 128,000 South 0il1 Co., Greensboro, North Carolina 193
I
; Seaboard Chemical Co., Doraville, Georgia 460
OKLAHOMA
|Fort Sim 86,000 Double Eagle Refining Co., Oklahoma City, Okla. 83
Capital Supply Co., Hurst, Texas 168
Texas American Petrochemicals, Inc.,
Midlothian, Texas 168
Cooks 0il1 Co., Boyd, Texas 168
Tinker A.F.5., Oklahoma 35,000 Double Eagle Refining Co., Oklahoma City, Okla. 0
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Table 3 (continued)
LOCATIONS OF KEY MILITARY FACILITIES AND NEAREST RE-REFINERIES

Estimated lube Distance
Military Facility 011 Procurement Nearest Re-Refinery (Highway
Fiscal 1975 (gal) miles)
TEXAS
Fort Bliss, Texas 68,000 Capital Supply Co., Hurst, Texas 605
Texas American Petrochemicals, Inc., Midlothian,
Texas 605
Cooks 0i1 Co., Boyd, Texas 605
Double Eagle Refining Co., Oklahoma City, Okla. 682
Fort Hood, Texas 260,000 Capital Supply Co., Hurst, Texas 147
Texas American Petrochemicals, Inc., Midlothian,
Texas 147
Cooks 0il1 Co., Boyd, Texas 147
S&R 011 Co., Houston, Texas 195
VIRGINIA
Fort Eustis, Virginia 48,000 South 0il Co., Greensboro, North Carolina 235
Berks Assoc., Inc., Douglasviile, Pennsylvania 296
3?:g}n?gip Compound, Norfolk, 89,000 South 0i1 Co., Greensboro, North Carolina 230
Berks Assoc., Inc., Douglasville, Pennsylvania 286




Table 3 (continued)

LOCATIONS OF KEY MILITARY FACILITIES AND NEAREST RE-REFINERIES
Mili on Estimated Lube Distance
ilitary Facility 0i1 Procurement Nearest Re-Refinery (Highway
Fiscal 1975 (gal) miles)
WASHINGTON
Fort Lewis, Washington 144,000 Nu-Way 0i1 Co., Portland, Oregon 13
Ager & Davis Refining Co., Portland, Oregon 113
WISCONSIN
Camp McCoy 54,000 Lubricants, Inc., West Allis, Wisconsin 166
Gopher State 0i1 Co., Minneapolis, Minnesota 176
Warden 0il Co., Minneapolis, Minnesota 176




TABLE 4

COMMERCIAL LUBE OIL RE-REFINERS

As of September 1974

California

A. Ray Banks

Bayside 0il Corp.

977 Bransten Road

San Carlos, California 94070
(415) 593-2944, 593-4848

Brian Fabian

Fabian Qi1 Refining Company
4200 Alameda Avenue
Oaktand, California

(415) 532-5051

George Leach

Leach 0i1 Co., Inc.

625 E. Compton Blvd.
Compton, California 90220
(213) 323-0226

Howard Dudley

Motor Guard Lubricants Co.
4334 E. Washington Blvd.

Los Angeles, California 90023
(213) 269-3437, 268-6877

AW, Talley

Talley Bros., Inc.

2007 Laura Avenue

Huntington Park, California 90255
(213) 587-1217

Roger E. Humphrey

Nelco 0i] Refining Co.

1211 McKinley Avenue

National City, California 92050
(714) 474-7511

26

Florida

George Davis

Davis 0il1 Company

Box 1303

Tallahassee, Florida 32302
(904) 576-3116

Alan Venzer

Petroleum Products Co,

Box 336

Hallandale, Florida 33009
(305) 989-4000

John Schroter

Peak 0i1 Company

Route 3, Box 24

Tampa, Florida 33619
(813) 626-9116, 626-9153

Georgia

Jack and Bernard Blase
Seaboard Chemical Co., Inc.
Box 333

Doraville, Georgia 30340
(404) 451-6900

I11inois

B.R. Williams

Motor 0ils Refining Co.
7603 W. 47th Street
Lyons, I1linois 60534
(312) 242-2306



TABLE 4 (continued)

Indiana

Andrew Carson

Westville 011 and Mfg., Inc.
Box 104

Westville, Indiana
(219) 785-2534

46391

Kansas

Richard 0'Blasny
Coral Refining Company
765 Pawnee Avenue

Kansas City, Kansas
(913) 281-5454

66105

Michigan

Jack Epstein

Bernie Horton
Dearborn Refining Co.
39071 Wyoming Avenue
Dearborn, Michigan
(313) 843-1700

48120

Minnesota

C.H. Romness

Gopher State 0i1 Co.

2500 Delaware Street, S.E.
Minneapolis, Minnesota 55405
(612) 331-5936

Al Warden

Warden 0i1 Company

187 Humboldt Avenue, N.
Minneapolis, Minnesota
(612) 374-1200

55405

Mississippi

H.K. Robertson

Jackson 0i1 Products Co.
Box 5686

Jackson, Mississippi
(601) 939-3131

39208

27

New Jersey

Arthur Vash

Diamond Head 0i1 Refining Co.
1427 Harrison Turnpike
Kearny, New Jersey 07032
(201) 991-5800

Salfred Mazius

National 0il Recovery Corp

Box 338
Bayonne, New Jersey 07002
(201) 437-7300

New York

George T, Booth & Son, Inc.
76 Robinson Street

North Tonawanda, New York
(716) 693-0861

14120

North Carolina

Jerry Blaise

South 0i1 Company

Box 106

Greensboro, North Carolina
(919) 375-5811

27402

Ohio

Jac Fallenberg

Alan Gressel

Research 0il Refining Co.
3680 Valley Road
Cleveland, Dhio 44109
(216) 749-2777

Darryl Thomas

Keenan 0il1 Company

#1 Parkway Drive
Cincinnati, Ohio 45212
(513) 631-2900



TABLE 4 {continued)

OkTahoma

Cameron L. Kerran
Oouble Eagle Refining Co.
Box 11257
Oklahoma City, Oklahoma 7311]
(405) Office: 232-0244
Plant: 232-6878

Oregon

A.L. Geary

Mu-Way 011 Company

7039 46th Avenue, MN.E,
Portland, Oreqon 97218
(503) 281-9375

T.M. Davis

Harold W. Ager, Jr,

Ager & Davis Refining Company
9901 - 33rd Avenue, N.E.
Portland, Oregon 97211

(513) 288-3584

Pennsylvania

Lester Schurr

Berks Associates, Inc,

Box 305

Douglasville, Pennsyivania 19518
(215) 385-3031

Tennessee

William M. Gurley

Gurley 0i1 Company

Box 2326

Memphis, Tennessee 38102
(901) 527-9940

28

Texas

R.A. Swasey

S & R 0i1 Company

Box 35516

Houston, Texas 77035

(713) 729-8740 - main office

Mr. Kildorf

Capital Supply Co.

Refining & Chemical Division
1401 West Hurst Blvd.

Hurst, Texas 76053

(817) 268-1129

Ed Fisher

Texas American Petrochemicals, Inc.
North 67

Midiothian, Texas

(214) 291-4400

Joe Gillespie
Cooks Qi1 Company
Boyd, Texas

(817) 433-2754

Utah

J.R. Mastelotto

Aico Refining Co.

133 No. First Street

Salt Lake City, Utah 84113
(801) 364-4214

Wisconsin

Dick Drexeler

Lubricants, Inc.

1910 South 73rd

W, Allis, Wisconsin 53214
(414) 541-1000



4.0 A CLOSED-CYCLE DEMONSTRATION:
POLICIES AND PROCEDURES FOR IMPLEMENTATION

Once the participating facility and re-refiner have been selected, it is essen-
tial that policies and procedures for the design and conduct of the field test
be clearly defined and agreed to by the key personnel. This chapter presents
such a set of guidelines for implementation of the closed-cycle demonstration.
These guidelines have been developed as a set of generic procedures and, for any
particular situation, may require modification. The goal in preparing these
guidelines is to provide a comprehensive set of procedures which, if followed
closely, will insure the satisfaction of the re-refiner and the customer,
facilitate smooth operation of the demonstration and, most importantly, provide
adequate evidence to the user community of the gquality of the oil being tested.

A thorough evaluation of the quality of an engine crankcase lubricating oil
includes laboratory tests of the physical and chemical properties of the base
stock, engine sequence tests of the performance properties of the lube oil-
additive blend, and a field test of lube 0il performance under actual service
conditions. Specification MIL-1-46152 (Appendix B) provides information con-
cerning laboratory and engine test requirements for lube 0ils which will be
used in the demonstration. Details of all test procedures are provided in those
publications of the American Society of Testing and Materials (ASTM) which are
cited in Appendix B. There are only three commercial laboratories in the
United States which have been approved by the Army Fuels and %g?ricants Center
for conducting the required laboratory and performance tests. Thus one of
these organizations must participate in the quaiification of the re-refined
product(s) used in the demonstration.

Unlike the laboratory and performance tests discussed in Appendix B, standard-
ized field tests are not required for lube oil qualification. However, in view
of the actual service conditions encountered, a properly designed field test can
provide a more complete determination of the performance of a lubricant in day
to day service. Since the vehicles which will be used in the field test will be
similar to those operated by potential commercial users of re-refined products,
a successful demonstration can be an important aid in reducing the barriers to
use of re-refined oil in the commercial sector. It is the purpose of this
chapter to establish policies and procedures for the closed-cycle demonstration
including the design and conduct of the field test and guidelines for the accu-
mulation and re-refining of used crankcase oils and the utilization of re-
refined oils.

4.1 Design of the Field Test

4.1.1 Number of Vehicles

Thg design of a field test is constrained both by the need for obtaining results
which are statistically significant and by the amount of money available for
conducting the test. Ideally, a large number of vehicles of each class should
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Large additional costs will be incurred for qualification of the re-refined oil
and for analyses of used crankcase oils. The cost of the five engine sequence
tests required for qualification under Specification MIL-L-46152 is approximately
$15,000. Since failure of one or more tests on the first try should be antici-
pated, the total cost of qualification could easily exceed $20,000. The quoted
costs of the engine sequence tests required under MIL-L-46152 are summarized in
Table 5.

Used 011 analyses are much less costly than engine tests. A complete used o0il
analysis costs about $50 per sample. However, over the two year period of this
demonstration (see Section 4.1.4 below) as many as 300 such analyses could be
required. Hence the cost of used 0il analyses could amount to $15,000.

4.1.3 Engine Inspections

4,.1.3.1 MWear Measurements

Prior to commencement of the demonstration, the engines of all test vehicles nust
be inspected in order to ensure that any wear found at the end of the program is
due solely to operation of the engine during the demonstration. For example,
broken or missing piston rings, missing valve guides, etc., are frequently found
during these inspections. Further, subtle differences in engine wear cannot be
detected using manufacturers' tolerances for new parts. The same inspections
must be made foilowing completion of the test program. A comparison of the
“before and after" measurements provides the data on engine wear which are used
in evaluating the relative performance properties of the "test" and “control"”
lubricating oils.

The following measurements of key engine parts should be made prior to commence-
ment and following completion of the test program:

1. The longitudinal and transverse bore of each cylinder.

2. The diameter of each camshaft lobe.

3. The height of each valve lifter.

4. The diameter of the valve guide for each intake and exhaust valve.

5. The weights of the top compression ring, second compression rina,
and 0il control ring on each piston.

6. The weights of each main bearing and each connecting rod bearing.
7. The diameter of each crankshaft journal.

8. The thickness of each piston ring.
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Table 5

COSTS OF ENGINE SEQUENCE TESTS
REQUIRED UNDER SPECIFICATION MIL-L-46152*

Tests
Oldsmobile Sequence II C
0ldsmobile Sequence III C
Sequence V-C
CRC L-38

Caterpiltlar 1-H

Total Cost

* Costs supplied by Automotive Research Associates

Cost

(dollars)

$ 2,350
3,600
3,925

990
3,675

$14,540
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9. The gap between each piston ring and the piston.

10. The valve seat wear for each intake and exhaust valve seat.. A
reference valve, not used in the field test, is used for this
purpose.

11. The tip wear and stem wear for each intake and exhaust valve.

4.1.3.2 Rust, Sludge and Varnish Ratings

Following completion of the test program all engines should be disassembled and
inspected for rust, sludge and varnish formation, plugging of oil lines,
scuffing and wear, etc. Engine disassembly must be accomplished in accordance
with standard practices recommended by automobile manufacturers for engine
maintenance and overhauls. Engine inspections shall include the following:

® Rust ratings for

Valve lifters
Rocker covers
Pushrods
0il pan

® Sludge ratings for

Rocker arm covers
Valve decks

Valve lifter chamber
Valve chamber cover
Timing gear cover
0il pan

® Varnish ratings for

Rocker arm covers
Valve chamber covers
Timing gear cover
0il pan

Piston skirts
Cylinder walls
Pushrods

Valve lifter bodies

® Other ratings
Percent 01l screen filling
Percent 0i1 ring filling

Piston land varnish
Number of stuck rings
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Other ratings (continued)

Number of sluggish rings

Number of stuck valve lifters

Number of scuffed or pitted lifters
Deposits on intake and exhaust valves:

a. underhead deposit

b. stem deposit

c. observation on seat condition
A1l ratings shall be conducted in accordance with procedures specified in the
Coordinating Research Council (CRC) engine rating manuals.

4.7.4 Used 0i1 Analysis

4.1.4.1 Purpose of Used 0il Analysis

Physical and chemical tests of the properties of used engine oils provide
valuable information concerning the level of contamination with undesirable
solids and liquids and the extent of decomposition of the Tube oil-additive
blend. Contaminants include fuel combustion products, liquid fuel, wear
particles (e.g., steel, copper, etc.), water and coolant additives. In a

field test, a comparison of the levels of contaminants in the used oils provides
information concerning the mechanical condition of the engine and the severity
of service.

The decomposition which takes place in engine 0ils involves several chemical
reactions including:

® Oxidation, which results in deposits and an increase in oil
viscosity.

e Neutralization of alkaline additives by fuel-derived acids,
which results in loss of wear protection.

® Cracking, in which long chain molecule additives are sheared
into smaller ones.

Under normal conditions high quality lube oils break down slowly. Thus, during
the field test, it is expected that used oil analyses should not reveal excos,-
sive levels of decomposition or contamination. However, if service condition-.
are overly severe, if the engine develops mechanical problems, or if the oil i-
unsuitable for the class of service, used oil analyses can reveal if cont inue
operation without an 011 change might result in engine damage. Hence a com-
parison of the analyses of the used oils being tested can provide informslion
concerning the relative quality of the oils and the degree of uniformity of the
mechanical condition and the operating conditions of the test vehicles.
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4.1.4.2 Procedures for Used 0il Analysis

The engine in each test vehicle and each control vehicle should be fittgd with
a 1/8 inch pipe ball valve to facilitate removal of lube oil for used oil
analysis. The valve can be installed at any convenient point downstream of the
oil filter.

Used 011 samples should be withdrawn at mileage intervals equal to one-half the
normal 0il change interval. The sampling procedure is as follows:

a. Four ounces of 0il {or a volume greater than the "dead
space” in the sampling tube) are withdrawn and discarded.

b. A four ounce sample of used o0il is withdrawn into a
sample bottle.

c. The label of each sample bottle should include the
following information: vehicle identification, date,
odometer miles, 0il miles, and whether the sample is a
drain sample or an interim sample (see below).

d. Eight ounces of fresh o0il are added to the crankcase to
replace the oil which was withdrawn. Such additions
should not be entered as oil consumption.

Each sample of used 0il should be subjected to the following tests:

a. Appearance and odor

b. Water {ASTM D 95)

c. Viscosity (ASTM Da45)

d. Spectrochemical analysis

e. Flash point (ASTM D 92)

f. Fuel dilution (ASTM D 322)

g. Glycol test (ASTM D 2982)

h. Insolubles (ASTM D 893)

i. Alkaline reserve (ASTM D 2896)

At the end of each drain interval, the oil filter should be removed and replaced.

The used filter should be cut open and residue contained on the walls of the

filter removed. Spectrochemical analysis and insolubles determination. (A%IM
D 893) should be made on this residue.
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Used 011 analyses should be conducted by an independent, certified laboratory.
1f any of the test results exceed by a wide margin the recommended operating
1imits shown in Table 6, the crankcase of the relevant engine should be promptly
drained and refilled with fresh o0il and an investigation made of the reasons

for breakdown of the used oil.

If after a six month period the used o0il analyses conducted at one-half the
drain interval mileage reveal no adverse effects, such interim analyses should
be discontinued. Used oil analyses should then be made only at the end of
each drain interval.

4.2 Policies and Procedures for Waste Crankcase 0i1 Accumulation
and Collection

1. A1l waste crankcase oiis which are to be re-refined must be stored sepa-
rately from all other wastes including other waste 0il products such as
fuel 0il, synthetic lubricants, animal fats, etc. Sump tanks must be
cleaned prior to storage of waste lube oils. If sump tanks are not avail-
able, waste lube 0ils should be stored in clean drums equipped with tight
fitting covers. The Property Disposal personnel at the Facility will be
responsible for providing the Re-refiner with waste 0il in quantities
sufficient to produce the required volume of re-refined oil.

2. In order to reduce the cost of re-refining, single viscosity waste crank-
case oils should be stored separately from multiple viscosity waste crank-
case oils. Viscosities must be clearly marked on the storage containers.

3. Records must be kept which contain the following information concerning
accumulation of waste crankcase o0ils: Identification of vehicle from
which crankcase 0il was drained; vehicle mileage; date of o0il draining;
specification and viscosity of crankcase oil used in the vehicle; approxi-
mate volume of waste oil drained; identification of container in which
waste o1l was stored.

4. In order to assure uniformity of the waste oil properties and the additive
response of the re-refined product, the Facility must agree for the dura-
tion of the demonstration to purchase all virgin crankcase 0il used in the
control vehicles from the same supplier.

5. Waste oils collected for re-refining should be characteristic of seasonal
variations in dilution and severity of service. Thus at least four batches
of waste crankcase 0i1 should be re-refined annually.

6. The volume of waste crankcase oils accumulated must be sufficiently great

to justify re-refining this o0il as a single batch. The minimum volume
shall be agreed to by the participating Facility and the Re-refiner.

36



RECOMMENDED

Table 6

OPERATING LIMITS FOR USED ENGINE OIL TESTS

, 1 Gasoline Automotive
Test Method Engines Diesel Engines
Basic Tests
Appearance and Odor No Numerical Limits
Viscosity Increase at 100°F, %, Max.’ 445 50 35
Viscosity Increase at 210°F, %, Max.2 2161 35 252
3 R
Viscosity Decrease at 100°F, ¥, Max. 25 25
Fuel Dilution, Vol %, Max. ] 5 ) 5
Trace Metals, ppm, Max.
Aluminum Spectro- 40 40
Chemical _ _
Boron Analysis
Chromi um 40 40
Copper 40 40
Iron 100 100
Lead — 100
Silicon 20 20
Silver - -
Sodium - -
Tin 40 40
Zinc — -
Supplementary Tests
Flash, Point, °F g2 4 “
Water, Vol %, Max. 95 0.2 0.2
Glycol Test 2982 Negative Negqgi!g__
Insolubles
Pentane, Wt %, Max. 893 1.5 1.5
Benzene, Wt %, Max. 893 0.7 0.7
Oxidation Resins (Pentanc-Benzene),

Wt %, Max. 893 1.0 1.0
Coagulated Pentane, Wt %, Max. 893 - -
Coagulated Benzene, Wt %, Max. 293 - -

Alkaline Reserve
Total Base Number 2896 - ?
pH 664 A

"Wumbers refer to ASTM D method.

“Limit based on SAE 30 viscosity oils (RR-SAE 40) under normal operation; limit can he
varied for ather viscosity mumber nils and special operation conditions.

Fuel dilution will usually control,

“Should be measured and cowpared with fresh oil value when fuel dilution suspecled.
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7. The vehicle which collects the waste crankcase oil for shipment to the re-
refinery must be empty of any other waste products such as sludge and other
contaminants. The waste 0il can be collected by the Re-refiner using his
own vehicles or by a common carrier who has agreed to the procedures
enumerated here.

8. Payment for waste oil collected shall be arranged as follows:

(a) If a single tariff for waste oil coilection, closed-cycle re-
refining and crankcase oil delivery has been arranged, then
no payment shall be made by either party.

(b) 1If separate charges have been arranged, then the Re-refiner
shall pay the Facility a fixed amount per gallon of waste 0il
collected. The size of this payment shall be agreed to by
the re-refiner and the Facility Purchasing Agent.

(c) If a common carrier is used for waste oil shipment, then the
Re-refiner shall be responsible for payment of all transpor-
tation charges.

9. Records shall be maintained by the Facility which contain the following
information:

(a) Volume, specification and viscosity (when new) of waste
crankcase oils collected.

(b) Identification of the containers from which the 0ils was
removed and/or the containers in which the oil was removed.

(c) The payment (if any) made for collection of waste crankcase
oil.

4.3 Policies and Procedures for Waste Crankcase 0il Re-Refining

1. A1l waste crankcase oils delivered to the re-refinery from the Facility
shall be stored in sealed containers or covered tanks and kept separate
from other waste crankcase o0ils. The Re-refiner shall keep records of the
volume, specification and viscosity (when new), delivery dates, BS&W con-
tent, and flash point of all waste crankcase oils delivered from the
Facility. If possibie, waste oil delivery should be scheduled so that the
waste 0il may be fed directly into the dehydration unit.

2. Waste crankcase 0ils collected from the Facility shall be re-refined in a
separate batch operation under conditions consistent with maintenance of
product quality. The Re-refiner shall determine these conditions (tempera-
tures, quantities of acid and clay, etc.) and shall assume responsibility
for insuring that all re-refined 0ils produced meet the relevant limitations
for physical and chemical properties (see below).

33



Re-refined base oils shall be stored in tanks empty of oils whose origin
is other than the participating Facility. Samples of re-refined base oils
shall be subjected to the following laboratory tests using standard ASTM
test procedures:

Viscosity @ 100°F

Viscosity @ 210°F

Pour Point, °F

Flash Point, °F

Gravity, API

Neutralization Number

Carbon Residue

Phosphorus

Chlorine

Sul fur

Nitrogen

Sulfated Residue

Fe, ppm

Pb, ppm

Ca, ppm

Ba, ppm

Zn, ppm

Cr, ppm

Al, ppm

Cu, ppm

Si, ppm
Testing shall be performed by an independent, certified laboratory. All
test results must be in compliance with 1imits established under existing
Specification MIL-L-46152 (see Appendix B). Where necessary, bright «tocks

or other viscosity improvers shall be blended with re-refined hase oil in
order to raise the viscosity to the specified level.

Performance additives shall be blended with the re-refined base 0ils in
accordance with procedures specified by the Systems Engineer. Blended oils,
shall be packaged in containers marked with the appropriate specification
and viscosity as specified by the Purchasing Agent.

Samples of compounded 0i1 shall be subjected to engine sequence tests as

specified in MIL-L-46?52. This testing shall be performed only on the
first batch of re-refined o0il produced in a closed-cycle demonstration.
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The Systems Engineer shall review the results of the engine tests and
recommend appropriate changes in the additive package. Once an o0il passes
all required engine sequence tests, no changes shall be made in the

volume or type of additives or in any other step in the re-refining pro-
cess, except as approved by the project Systems Engineer.

Engine sequence tests shall be conducted by a certified laboratory. The
results of such tests, including color photographs of the engine parts,

shall be submitted to the EPA Project Officer. The EPA Project Officer

and the Systems Engineer will review the test results.

A complete set of laboratory and engine test results including engine
parts will be presented to the Military Automotive Review Committee. Upon
approval by this committee, the re-refined 0il will be shipped to the
Facility. Subsequent batches of re-refined o0il produced during a demon-
stration project shall not reguire engine testing nor review of test
results by the Military Automotive Review Committee.

Prior to shipment of re-refined oils to the Facility, Quality Assurance
Personnel, assigned by the Department of Defense, shall inspect each batch
of 0il according to test procedures specified by the Department of Defense.
The test results shall be forwarded to the Systems Engineer and EPA's
Representative. The analyses must satisfy the requirements of the speci-
fication for which the oil was compounded. Further, the levels of calciunm,
zine, and other components must be consistent with those that would be
obtained after blending the base o1l with the recommended additive package.
If the levels of these components are found to be inadequate, then the
Quality Assurance Personnel shall reject the entire shipment of lube oil.
If any cause for rejection is found the Systems Engineer shall have
responsibility for determining the sources and causes of any deficiencies.
In cooperation with the Re-refiner, steps shall be taken to correct these
deficiencies.

The Re-refiner shall be responsible for delivery of all re-refined lube
0ils ordered by the Facility.

A1l re-refined lube o0ils produced as a result of a demonstration which are
not purchased by the Facility, shall be the exclusive property of the
Re-refiner.

The Re-refiner shall present evidence of liability and property damage
insurance coverage on all vehicles owned by him which are used to transport
0oil to and from the Facility.

The Re-refiner shall present evidence of liability insurance for damage to
the engines of any demonstration vehicles that may result from inadequate
performance of any lube 0il provided by the Re-refiner. The amount of such
coggrage shall be agreed to by the Facility Purchasing Agent and the Re-
refiner.
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4.4 Policies and Procedures for Purchase and Utilization of
Crankcase Qils

1. The Purchasing Agent at the Facility shall provide the Re-refiner with
purchase orders for all crankcase 0il used in the demonstration vehicles.
These orders shall specify the following information: volumes of Tube oil
required by specification and viscosity, container sizes and delivery
dates.

2. The prices paid for re-refined iube oils shall be agreed to in advance of
the start of the demonstration program. Prices shall be competitive with
those quoted by traditional suppliers of lube 0il for the same quantities,
container sizes and specifications. Unless other arrangements are made in
advance, prices established at the start of the demonstration shall not be
subject to escalation.

3. Selection of vehicles which will be used in the demonstration shall be
based on the following criteria:

(a) Three classes of vehicles - passenger cars, gasoline fueled
light to medium duty trucks, and light duty diesel fueled
trucks shall be included in the field test.

(b) Within each vehicle class all units shall be of the same make
and model and shall have the same size and design drive train.

(c) Vehicles which are subjected to unusually severe or unusually
light duty service, or which run odd routes (e.g., exclusively
on dirt roads) or which are equipped with unusual accessories
(e.g., four wheel drive, towing equipment, etc.) shall not be
used in this demonstration.

(d) In view of the limitations on cost, eight vehicles of each
type listed in (1) above shall participate in the demonstra-
tion. Within each group four shall be operated using re-refined
lubricating oil and four shall be operated using virgin lubri-
cating 0il exclusively. The re-refined oil shall be that oil
provided solely for use during this demonstration. The virgin
011 shall be that 0il which is being used at the start of the
field test in other vehicles of similar types to those speci-
fied in (a) above. Sufficient virgin oil of the same brand and
formulation shall be kept in storage to supply the needs of
twelve of the test vehicles throughout the field test.

4. Throughout the field test each test vehicle and each control vehicle within
a given vehicle class (e.g., passenger car) shall use the same grade of
fuel obtained from the same supplier. At no time during the field test
shall the grade or supplier of fuel be changed.
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1.

Two identical record books shall be kept for each vehicle used in this
demonstration. All data concerning maintenance, measurements, oil and fuel
consumption, used oil analyses, etc., shall be entered into these record
books. One copy of the book shall be kept in the vehicle; the other copy
of the book shall be retained by the Maintenance Foreman.

Prior to initiation of the experiment, measurements shall be made of cer-
tain parts of the engines of all vehicles. The parts to be measured and
the measurements to be made are listed in Section 4.1.3, above. If any
parts are found to be worn or defective, these parts shall be replaced.

A1l new engines shall be "broken-in" using a virgin lubricating oil which
meets Specification MIL-L-27260. During the break-in period (and in all
subsequent periods) records shall be kept of fuel consumption, 0il consump-
tion, and miles per day driven in order to estimate severity of service and
to forecast dates for oil inspections and 0il changes. The break-in period
shall be that recommended by the engine manufacturer. At the end of the
break-in period, the 0il in each engine shall be drained and replaced with
either virgin or re-refined 0il which meets Specification MIL-L-46152.

Used oil analyses shall be conducted as specified in Section 4.1.4.2, above.

Periodic maintenance shall be performed on all test vehicles. The mainte-
nance shall include 0il and 0il filter removal and replacement. Mainte-
nance intervals shall be the same as prescribed in normal operations. The
Maintenance Foreman shall keep records of all repairs, including vehicle
mileage, dates, type of maintenance and, where relevant, probable cause of
damage. Records shall also be kept of the quantities, dates and vehicle
mileage of any additions of motor fuel and of crankcase oil.

Duration of the Demonstration

The closed-cycle demonstration shall continue for a period of at least one
year. At the end of one year, inspections shall be made of the condition
of the engine crankcase, valve stems, rocker arms and rocker covers. If,
on the basis of these inspections and used 0il analyses, sufficient
differences in wear, rust, sludge and varnish formation between the
engines of the control group and the test group are not evident, the
engines shall be reassembled and the test.program continued for a second
year. Records of the results of these interim inspections shall be made a
part of the general record of the demonstration.

In order for the field test to produce meaningful results, participating
vehicles should be driven as much as possible during the period of the
demonstration. Thus the criteria for vehicle selection should include the
expected annual mileage accumulation {see item 3, above).

Following completion of the test program, the engine parts inspected at the
beginning of the demonstration shall be re-examined for wear. Measurements
specified in Section 4.1.3, above, shall be made and compared with the
values obtained previously. The Systems Engineer shall prepare a report
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which contains all data relevant to the conduct of the demonstration
including a statistical analysis of the measurements made on key engine
parts and data on oil consumption and vehicle maintenance. On the basis of
this analysis conclusions will be drawn as to the comparative performance
of re-refined and virgin engine oils.

12. Following completion of the demonstration the Facility Oversight Officer,
in cooperation with the other Facility Personnel, shall prepare a written
report which summarizes their activities in the demonstration and contains
the documentation specified earlier in these instructions. Copies of this
report shall be sent to the EPA Project Officer, the Systems Engineer and
the Re-refiner. This report shall be available within sixty days of com-
pletion of the demonstration.

4.5 Potential Problems in Implementing the Closed-Cycle Demonstration

As discussed in Chapter 2, implementation of a closed-cycle demonstration of
the use of re-refined crankcase 0il at a military facility will require modifi-
cation of existing procurement procedures for lubricants. Authorization for
such modification will probably have to come from the Office of the Assistant
Secretary of Defense for Installations and Logistics (ASDI&L). In addition,
since military specifications now prohibit the purchase of re-refined crankcase
oils by government agencies, these specifications will require modification or
revision to permit the use of re-refined o0ils which have passed all qualifica-
tion tests. Further, procurement officials must be satisfied that restrictions
on feedstock variation can be met through the use of a closed-cycle system and
that the additive response of different batches of re-refined o0il will be
essentially the same.

While these problems must be resolved prior to commencement of any demonstra-
tion, additional difficulties may arise once authorization to proceed is
granted. This section discusses a number of potential problems and proposes
possible actions which can lead to their resolution.

Problem 1: Re-Refined 0il Fails to Pass One or More Engine Sequence Tests

Only a few sets of engine test data for re-refined o0ils exist; the results of
these tests have not been encouraging. In 1974, the U.S. Army Mobility |'quipment
Research and Development Center conducted engine tests on two samples of re-
refined 0il. The tests conducted were those required under Specificatione«
MIL-L-2104C and MIL-L-46152. Of the samples, one failed all engine tests by a
wide margin. The other sample passed only one of the seven tests; performance
on the other six tests was, however, significantly better than that of the
other re-refined product.
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At first examination, these results would appear to be discouraging. However,
chemical analyses of the two test samples revealed that the first oil contained
essentially no performance additives and the second 0i1 contained about one-
half the additive volume normally required to pass the engine tests. Thus the
test results are certainly not surprising. In fact, failures for both these
0ils could have been predicted on the basis of the chemical analyses alone.

For this reason the policies and procedures listed in Section 4.3 include a
requirement for chemical analysis of samples of re-refined oil prior to accep-
tance of any shipment by a participating facility.

During the past year, several large petroleum companies have investigated the
technical and economic feasibility for purchasing lube 0il from re-refiners,
compounding the 01l to meet relevant performance specifications, and marketing
the oil under their own label. In the course of these investigations, at

least one company has run a series of engine tests on a re-refined base oil
blended with a variety of additive packages. Results of these engine tests
would be of value in selecting the proper types and volumes of additives for
use in the demonstration program. Experience has shown that of the engine
tests required under MIL-L-46152 the Caterpiliar I-H test may be the most
difficult to pass. This test measures the performance of engine lubricating
0ils under high temperature, medium supercharged conditions and is used for
determining the effect of a lube 0il on ring-sticking, wear, and the accumula-
tion of engine deposits. A diesel fuel of low-sulfur content is used. The
criteria for passing the I-H test are sufficiently stringent that many virgin
lube 0ils fail the test several times. In some cases, it is necessary to
experiment with a number of additive blends before the I-H test is passed.

The test is further complicated by the fact that test results are sensitive to
the sulfur content of the fuel, the operating temperature, etc. Hence additive
packages need to be adjusted as these test parameters vary. During the past
several years the severity of the I-H test has been increased by raising the
engine operating temperature. As a result, some lube 0il manufacturers may
have been using additive blends which were not adequate to insure qualification
under the new test conditions. Thus it is essential that the additive packages
be selected on the basis of current engine test conditions.

Problem 2: Regulations Established Under the Mandatory Petroleum
Allocation Program

Requlations established under the Mandatory Petroleum Allocation Program

(10 CFR §211.01 et seq.) require that the relationship between a supplier and

a wholesale purchaser of petroleum products, including lube o0ils, be maintained
for the duration of the Program. The relationship is that which existed during
the calendar year 1972.
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Specifically 10CFR §211.9 reads:

§211.9 Supplier/purchaser relationships.

(a) Supplier/wholesale purchaser relationship. * * *
(2) * * *

(i1) Unless otherwise provided in this Part or directed by FEA,
the supplier/wholesale purchaser-consumer relationships defined

by specific dates or base periods or otherwise imposed pursuant

to this part shall be maintained for the duration of the Mandatory
Petroleum Allocation Program and may not be revised or otherwise
terminated except that any such relationship may be terminated

by the mutual consent of both parties.

(b) Supplier/end-user relationship. Each supplier of an allocated
product shall, to the maximum extent practicable, supply all
end-users which purchased that allocated product from that
supplier as of January 15, 1974, and which are entitled to an
allocation level under the provisions of Subparts D through K of
this part.

The distinction between a wholesale purchaser-consumer and an end-user is made
on the basis of volume of product purchased. Subpart K dealing with greases
and lubricants contains the following definition at 10 CFR §211.202:

"Wholesale purchaser-consumer" means any firm that is an ultimate
consumer which, as part of its normal business practices, purchases
or obtains an allocated product from a supplier and receives delivery
of that product into storage substantially under the control of that
firm at a fixed location and purchased or obtained more than 20,000
gallons of lubricants, 10,000 pounds of greases or 55,000 gallons of
any other product subject to this subpart in any completed calendar
year subsequent to 1971.

An "end-user" is an ultimate consumer of an allocated product other than a whole-
sale purchaser-consumer (10 CFR §211.51).

Thus, under the Mandatory Petroleum Allocation Program, wholesale purchaser-
consumers must maintain their relationship with base period lube 0il suppliers
unless the consumers and the suppliers mutually agree to terminate their rela-
tionships. This requirement holds even if the wholesale purchaser-consumer is
required to procure lube 0ils by soliciting competitive bids. FEA Ruling
1974-19, "Competitive Bids: Supplier/Purchaser Relationships” (39 FR 22133,
June 20, 1974) provides that a wholesale purchaser-consumer must maintain his
relationship with the base period supplier even if the base period contruact
has expired and a lower bid has been made by another supplier. Since it is
Tikely that all military bases listed in Table 1 purchased more than 20,000
gql]on§ of tubricants in any calendar year prior to 1971, any of these facili-
ties will have to terminate its relationship with the lube o0il supplier in
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order to participate in a closed-cycle demonstration. Although the Mandatory
Petroleum Allocation Program will expire on August 31, 1975, there are indica-
tions that Congress will vote to extend it. Should the program be allowed to
expire then the problem of maintenance of supplier-purchaser relationships will
not be a problem.

Problem 3: Establishment of Criteria for a Successful Demonstration

A field test of the use of re-refined lube oils car be evaluated in several
ways. In a qualitative sense, the test can be assumed to be successful if the
frequency of engine maintenance and the consumption of lube 0ils do not increase
significantly over that experienced when virgin lubricants were used. This
demonstration of "customer satisfaction" may well be the single most important
goal of the entire program.

However, the field test design described in Section 4.2 is much more quantita-
tive in nature. Critical engine parts are examined at the beginning and at

the end of the test period. A control group of vehicles, which will use a
qualified virgin lube o0il, is selected in order to obtain a base line with
which test results can be compared. The test conditions (including temperature,
humidity, fuel consumption (a measure of severity of service), mileage between
oil changes and total mileage are closely monitored. The number and type of
vehicles in each group are selected according to the requirements for statisti-
cally significant results.

If such a field test is carried out, the program might not be as quantitative
as that described here. Firstly, the total cost of such a program could be
prohibitive. Secondly, it may not be possible to locate facilities which
operate sufficiently large numbers of heavy, medium, and 1ight duty vehicles
and which are Tocated near a reputable re-refiner. Thirdly, it may not be
possible to control the test conditions as closely as might be desirable. The
monitoring of a control group of vehicles may also be impossible if an adequate
number of vehicles and personnel are not available. Therefore, it is clear
that a compromise will have to be made between a quantitative test design and
the limitations imposed by the purpose of the experiment and the funding avail-
able.

Problem 4: Demonstrations Involving More Than One Facility

In order to provide a larger volume of waste oil and a greater number of test
vehicles it may be necessary to involve more than one facility in a single
demonstration. This would increase the number of candidate facility-re-refiner
combinations listed in Table 3. However, a decision to conduct demonstrations
of this type must be made with the understanding that the number of base
personnel involved will be greatly increased thereby increasing the likelihood
that problems in running the demonstration will arise. Additionally, each
facility would have to follow identical procedures for waste 0il accumulation
and collection. If vehicle maintenance schedules were either different or out
of phase at the facilities, these schedules would have to be revised. Similar-
ly, lube oil purchase schedules might require modification. While none of
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these potential difficulties is insurmountable, their existence dictates that
combined demonstrations be carefully planned and closely monitored by the key
personnel involved.

Problem 5: One or More Test Vehicles Have Mechanical Breakdowns Due to
Poor Manufacture or Design. These Breakdowns Are Attributed
to the Use of Re~Refined 0i1.

It is possible that the engines of one or more makes and models of vehicles
owned by a facility may be so poorly designed and/or manufactured that mechani-
cal problems will occur regardless of the quality of the Tube 0il used. Since
proving the cause of engine failure, especially when the vehicle is operated
under severe conditions, is likely to be a difficult task, it is essential that
the vehicles selected for the demonstration exclude any makes or models whose
service records have in the past been unsatisfactory.

Problem 6: A Facility Selected for Participation Has Already Contracted
for Waste 0i1 Removal.

It is possible that one or more facilities where closed-cycle demonstrations
are feasible has made a commitment to sell its waste oil to a collector or pay
to have it removed. If these arrangements have been made under contract, then
accumulation of the waste oil for use in re-refining may not be possible,
depending on the contract provisions and the term of the agreement. One possi-
ble solution to this kind of problem is to have the re-refiner purchase the
waste oil from the collector. Alternatively, the collector may agree to waive
his rights to the waste oil in return for some form of compensation. In
either case it is probable that the cost of the lube 0il produced will be
higher than would be normally expected. If the solution involves the handling
of the waste oil by the collector, then an additional opportunity for feed-
stock contamination and other operational difficulties arises.
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MIL-L-210.C

20 November 1970
SUPERSEDING
MIL-L-2104B

1 December 1964
MIL-L-45199B

28 June 1968

MLLITARY SPECIFICATION
LUBRICATING OIL, INTERNAI COMBUSTION LENGINE, TACTICAL SERVICE

This specification is mandatory for use by all Departments and Agencies of the
Department of Defense

1. SCOPE

1.1 Scope. This specification covers engine oils suitable for lubrication
of reciprocating internal combustion enginecs of both spark-ignition and com-
pression-ignition types uscd in tactical service (see 6.1).

1.2 Classification. The lubricating oils shall be of the following

viscosity grades (sce 6.2):

Viscosity Gradc Military Symbol
Grade 10 OL /HDO-10
Grade 30 OE /HDO-30
Grade 40 ORE /HDO-40
Grade 50 OE /HDO-50

2. APPLICABLE DOCUMENTS

2.1 The following documents of the issue in effect on date of invitation
for bids or request for proposal, form a part of the specification to the
extent specified herein.

SPECIFICATIONS

MLLITARY

MIL-L-21260 - Lubricating Oil, Internal Combustion luginc, Prescrvative
and brcak-In.

MIL-L-46152 - Lubricating Oi), Internal Combustion Unzine, Adadnistrative
Scrvice.

STANDARDS

FEDERAL

Preceding page blank
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Fed. Test Method Std. 791 - Lubricants, Liquid Fuels and Related
Products; Mcthods of Testing.

MILITARY

MIL-STD-105 - Sampling Procedures and Tables for Inspection by
Attributes.

MIL-STD-290 - Packaging, Packing and Marking of Petroleum and Relatcd
Products.

(Copies of specifications, standards, drawings and publications required
by contractors in connection with specific procurement functions should be
obtained from the procuring activity or as directed by the contracting
of ficer.)

2.2 Other publications. The following documents form a part of this
specification to the cxtent specificed herein. Unless otherwise indicated,
the issue in effect on date of invitation for bids or request for proposal
shall apply.

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) TEST METHODS

D 92 Flash and Fire Points by Cleveland Open Cup

D 97 Pour Point

D 129 Sulfur in Petroleum Products by the Bomb Method

D 270 Sampling petroleum and Petroleum Products

D 287 API Gravity of Crude Petroleum and Petroleum Products (Hydrometer
Method)

D 445 Viscosity of Transparent and Opaque Liquids (Kinematic and Dynamic
Viscosities)

D 524 Ramsbottom Carbon Residue of Petroleum Products

D 808 Chlorine in New and Used Petroleum Products (Bomb Method)

D 811 Chemical Analysis for Metals in New and Used Lubricating Oils

D 874 Sulfated Ash from Lubricating Oils and Additives

D 892 Foaming Charvacteristics of Lubricating Oils

D 1091 Phosphorus in Lubricating Oils and Additives

D 1317 Chlorine in New and Uued Lubricants (Sodium Alcoholate Method)

D 1552 Sul fur in Petvoleum Products (Hipgh Tewperature Method)

b 2270 Calculating Viscosity Index from Kincwatic Viscosity

D 2602 Apparent Viscosity of Motor Qils at Low Temperature Using the

Cold Cranking Simulator

Engine Test Sequence IIB
Engine Test Sequence VC
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(The ASTM test methods listed above are included in Pare 17 or Parg J8 of
the Annual Book of ASTM Standards and are also available separately, escept
for Enginc Test Sequences IIB and VC. Engine Test Sequence I1B is a part of
ASTM Special Technical Publication STP 315-0. Engine Test Sequence VC will
be included in ASTM Special Technical Pubiication STP 315-E, scheduled for
publication after May 1971, and is currently available only as a preprint.

(Application for copies of all ASTM test methods except Engine Test Sequence
VC should be addressed to the American Society for Testing and Materials,
1916 Race Street, Philadelphia, Peunsylvania 19103.)

(Until publication of Special Technical Publication STP 315-E by ASTM,
information concerning Engine Test Sequence VC may be obtained from U.S,
Army Research and Devel opment Centev, Coating and Chumical Laboratory,
AMXRD-CF, Aberdeen Proving Cround, Maryland 21005.)

Specifications and standards of technjcal socictics are generally availabjoe
for reference from libraries. They are also distributed ameng technical
groups and using Federal agencies,

3.1 Qualification. Engine lubricating oils Furnished under this specifi-
cation shall be products which are qualified for listing on the app]icable_
Qualified Products List at the time set for opening of bids (see 4.5.1 and
6.4).

3.1.1 The qualifying activity (sce 6.4) may waive complete qualification
testing or may require only partia) qualification testing of grade 40 511 if
the supplier states in a writeten affidavit that the product has boen formulated
with base stocks, refining treatment, and additives the same as those used in
the formulation of grade 30 and grade 50 oils qualifiecd under this specification.

3.1.2 Each viscosity urade of oil which satisfjes atl the roquirements of
this specification shall be qualifjed for a period pog excueeding four yenrs
from the date of its oriyinal Qualirication., The qQualidication peviod royp
each grade 40 oj] qualified in gccordance with 3000 shall not exeeed thay oy
the grade 30 and prade 50 oils yeed iy the quatlidivarion prevedurae. When ghe
Qualification period has vXpired, @ach product MUSE be requalilied if the
supplier wishes to maintain the formulation as a qualificd product and be
eligible to bid on pProspective products.,

3.1.3 Whenever there is a change in the bace stock, 1y the vefining treac-
ment or in the additives used in the formulation, requalitication wil) pe
required. When pProposed chanves are minor and may por b expeeted to - ipni-
ficantly affect performance, rhe Qualijyip . Activity woy, ot jrg discration,
waive complete requalification or MY require oaly parrial requalification
in order to determine the significance and acceptabiiivy of (he proposcd cliange.,,

Reproduced from
best available copy.
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3.1.4 The enginc lubricating oil supnlied under contract shall be identical,
within permissible tolerances assigned by the qualifying acrivity for the
propertices listed in 3.4, to the product receiving qualification. The values
resulting after the application of tolerances shall not exceed the maximum nor
fall below the minimum limits specified hercin (see table I and 3.3.1 through
3.3.6).

3.1.5 Pour-point depressant. No changes shall be made in either the type
or concentration of the pour-point depressant after qualification testing and
approval unless:

(a) The oil is retested for conformity to the stable pour point
requirement (sce table I).

(b) The qualifying activity (see 6.4) is informed of the proposed
change(s) and of the retesting of the stable pour point.

(c) The qualifying activity approves the proposed change(s) in writinz.

3.2 Materials. The engine lubricating oils shall be petroleum products,
synthetically prepared products or a combination of the two types of product
compounded with such functional additives (dctergents, dispersants, oxidation
inhibitors, corrosion inhibitors, etc.) as are necessary to meet specified re-
quirements. No re-refined constituent materials shall be used.

3.3 Physical and chemical requirements. The oils shall conform to the
respective requircments specified in toble I and 3.3.1 through 3.3.6.
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Table I. Requircments o
Grade Grade Grade Grade
Property 10 30 40 50

Viscosity at 210°F. (99°C.),
kinematic, centistokes
min. 5.7 9.6 12.9 16.8
max. <7.5 £12.9 <16.8 <£22.7
Viscosity at O0°F. (-18°C.) 3/,
apparent, centipoises

min. 1200 -- -- .-
max. < 2400 -- - -
Viscosity index (min.) -- 75 80 85
Pour point, °F. (max.) -25 0 5 15
°C. (max.) -32 -18 -15 -9

Stable pour-point, °F. (max.)g/ -25 -- -- --
°C. (max.) -32 -- .- .-

Flash point, °F. (min.) 400 425 435 450
°C. (min.) 204 218 224 232

Gravity, API3/ X X X X
Carbon residue3/ X X X X
Phosphorusg. X X X X
Chlorine 3/ X X X X
Sul fur3/ X X X X
Sulfated residue3d/ X X X X
Organo-metallic components3/ X X X X

1/ Report measured, apparcnt viscosity at 0°F (-18°C) in centipoises for
grade 10 oil.

2/ After being cooled below its pour point, the oil shall regain its homogencity
on standing at a temperature not more than 10° F (6° C) above the pour point.

3/ Values shall be rcported ("x" indictes report).

3.3.1 Foaming. All grades of oil shall demonstvate the following {oamine

characteristics when they are tested in accovdance with 4.6, table TL.(ASTM D gyu2).

(a) 1Initial test at 75° 2 1° F (24° + 0.5° C). Not morc than 25 ml
of foam shall remain immcdiately following the end of the 5-minute blowing
period. No foam shall remain at the end of the 10-minute settling period.

(b) Intermediate test at 2007 = 1° F (93.5 - 0.5 C). Not more than
150 ml of foam shall remain immediately folloving the end of the S-minutc
blowing period. No feam =hall remain at the end of Che 10-minnge Sellling

period.
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(¢) Final test at 75° 0 19 F (24° ' 0.5° €). Not more than 25 ml
of feam shall remain imncdiately following the end of the S-minute blowiung
period.  No foam shall remain at the end of the 10-minute settling periad.

3.3.2 Stability and couwpatibilicy.

3.3.2.1 sgability. The oils shall show no evidence of separation or color
chianse when they are tested in accordance with 4.6, table JI {method 3470,
Fed. Test Mothod Std. tto. 791).

3.3.2.2 Compatibi'ity. The oils shall be compatible with oils previous!y
qualifind undee ML-1-2104, MIL-L-46152, and MIL-1.-21260. The oils shall
show no evidence of sepavation when they are tested against selected referonce
oils in accordance wvith 4.4, table IL (method 34670, Fed. Test Method Std.
No. 791).

3.3.3 Moisture-cerrosicn characteristics. The oils shall prevent or mini-
mize corrosion of fercovs-metal engine componeunt:s in the presence of molsture
induced by Jow-iLewporature operating conditions. Satisfactery performance in
this respect shall be deuonstrated when the oils are tested in accordance with
4.6, table II. (FEnginc Test Sequence ILB).

3.3.4 Low-temperatuye depesits. The oils shall minimize the formation of
undesirable deposits asscciated with interwmittent, light-duty, low-temperatuve
operating conditions. Satisfactory perfermance in this respect shall be
demonstrated when the oils are tested in accordance with 4.6, table II (Engiue
Test: Sequence VC).

3.3.5 Pearing corrosien. The oils chall be noncorrosive to alloy bearings.
Satisfactory performiuce in this respect shall be demonstrated when the oils
are Ltested in accorcdance with 4.6, table II (method 3405, Fed. Test Method
Std. No. 791).

3.3.6 Rinp-stickip:,_ wear, and_accuemelation of deposits. The oils shall
prevent the stickin: of piston rings and the clogging of oil channels, and
shall winimize the weor of evliinders, rings and loaded cngine component s such

as o cam Shalt Tobes:

, can Tollowers, calve rocker armes, vocker arm shofts; and

the oi b pup and facel injoctfon pump dyive sears. Satisfactory performance
shall be demonstrated vhen the oils are tested in accordance with the appro-
priate methods listed in 4.6, table IT (methods 340 and 341, Fed. Test Method
Std. No. 791).

3.4 Othex requircments and telerances for quality conformance testing. The
following physical and chemical properties shall be tested in accerdance with
the appropriate wethods lisztad in 4.6 to insure that purchased products ave of
the same compositions as the respective qualification samples and to identify
the products. No specific values or limits are assigned in qualification
testing, except as otherwisc specified in table I and in 3.3.1 through 3.3.6,
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but test results shall be reported for all properties listced. The qualifviug
activity (sce 6.4) shall cstablish specific valucs and tolerances for subsc-
quent quality conformance testing for these propertics (see 6.3 and 6.4):

Viscosity
Viscosity index
Pour point
Flash point
Cravity, API
Carbon residuc
Foaming
Phosphorus
Chlorine

Sul fur

Sulfated ash
Organo-metallic components

4, QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. Unless otherwise specified in the con-
tract or purchase order, the supplier is responsible for the performance of
all inspection requirements as specified herein. Except as otherwise specified
in the contract or order, the supplier may use his own or anv other facilities
suitable for the performance of the inspection requirements specified herein,
unless disapproved by the Government. The Government reserves the right to
perform any of the inspections set forth in the specification where such in-
spections are deemed necessary to assure supplies and services conform to
prescribed requircments.

4.2 ot.

4.2.1 Bulk lot. An indefinite quantity of a homogeneous mixture of one
grade of oil offered for acceptance in a single, isclated container; or manu-
facturced in a single plant run (not exceeding 24 hours), through the same
processing ecquipment, with no change in the ingredient materials.

4.2.2 Packaged 1o, An indefinite number of 55 gallon drums or smaller
unit containers of identical size and type, offcred for acceptance, and filled
with a homogencous mixture of one grade of oil from a single, isolated con-
tainer; or filled with a homogencous mixtuce of one grade ol oil manutactured
in a single plant run (not exceeding 24 hours), through the same processing
equipment, with no change in the ingredient materials,

4.3 Sanmpling.

6.3.1 Saoplin: of filled conpainers. Take & random sample o i bed con-

tainers frou cach lot in accordance with MLL=STD- 1049 o ineopection tevel TT o)
acceptable quatity Jovel (AQL) = 2.5 pervent difective.
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4.3.7 Sawpling for tests. Take samples from bulk or packaged lots for
tests in accordance withh ASTM Method D 270.

4.4 Inspection. PYerform inspection in accordance with mcthod 9601 of
Fed. Test Method Std., No. 791.

G.40.17 Ezowiration of filled containcrs. Exawmine swaples taken in accordance
with 4.3.]1 for compliance with MIL-STD-290 with regard to fill, closurc,
sealing, leakage, packaning, pecking, and marking requirements. Rejecl any
container having owe o more defects or under the required f£ill. Tf the nueiler
of defective or underfilled containers exceeds the acceptance number for the
appropriate sampling plan of MIL-STD-103, reject the lot represented by the

sample.

4.5 Classification of tests.

(a) Qualificacion ltests.
{b) Quality conformance tests.

4.5.1 Qualification iests. Qualification tests consist of test for all of
the requirements speciiied in section 3 and wmay be conducted in any plant or
laboratory approved by the qualifying activity (see 6.4), unless otheruise
specifjed in 4.6.) through 4.6.2. Qualification tests shall be performed oa
each viscosity grade except as specified in 4.5.1.1 and 4.5.1.2.

4.5.1.1 The stable pour-point test (method 203, Fed. Test Method Std. 791)
shall be required only on grade 10 oil.

4.5.1.2 Gradc 40 oils may be qualified in accordance with 3.1.1.
4.5.2 Guality cenievivinge tests. Tests for quality conformance of individual

lots shall consist of tests for all of the requirecments in section 3, except
for the following (sce table I1):

Stable pour point

Stability and compatibility

Ring=-sticking, wcar, and accumulation of deposits
Low temperature deposits

Bearing corrosion

Moisture-corrosion characterisitcs

4.6 Test methods. Perform tests in accordance with table II and with
4.6.1 through 4.6.2 as applicable.

4.6.1  Srability aud compatibilitvy. Dotermine the stability and cempatibility
of the oils by the proccdures for "Homogeneity' and "Miscibility" given in
method 3470, Fed. Test Method Std. No. 791, as explained in 4.6.1.1 and 4.6.1.2.
The procedures in 4.6.].1 and 4.6.1.2 should be performed at the sawe time. This
test shall be conducted only in a laboratory designated by the qualirfying

activity (sec 6.4).
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4.6.1.1 Stability. Determine the stability by sebjecting an vomixed sample
of 0il to the prescribed cycle of temperature changes and examining Lthe saw e
for conformance to the requirements of 3.3.2.1. RKecord the test results on o
copy of the 'Homogeneity and Miscibility Test" form in the column mavked '"Nopolf

4.6.1.2 Compatibility. Dectermine the compatilbility of the oil with other
oils previously qualificd under MEL-L-210%, MIL-L-21200 and MIL-L.-406152, by
subjecting separate mixtures of the oil with selected vefcvence oils designated
by the qualifying activity (see 6.4) to the prescribed cycle of temperature
changes, then exanmining the mixtures for conformance to the requirements of
3.3.2.2. Record the test results on the =ame copy of the "Hemogencity and tlis-
cibility Test" form (sece 4.6.1.1) in the appropriate columns marked "1-30",
"2-30", etc.

4.6.2 Stable pcur point. The stable pour point test (method 203, Fed. Test
Method Std. No. 791) shall be perforeed only in a laboratory designated by the
qualifying activity (see 6.4).

Table JI. Test Method:s

Test Method No. Test Mothod No.
Test Fed. Std. 791 ASTH
Viscosity, kinematic D 445
Viscosity, apparcnt D 26021/
Viscosity index D 2270
Pour point D 97

Stable pour point 2032/

Flash point D 92

Gravity, APL D 287

Carbon residue D 524

Phosphorus D 1091

Chlorine D 808 or D 13173/
Sul fur D 1552 or D 129/
Sulfated residue D 874
Organo-metallic components D 8115/

Foaming b 8§92

Stability and compatibility 34709

Moisture-corrosion claracteristics Scquence XIB//
Low temperature deposits Sequence VC 8/
Bearing corrosion 3405

Ring-sticking, wear, and accumulation
of deposits:
Medium~speed, supercharged, high-sulfur
fuel 340
High-speed, supercharged 341
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Obtain the viscosity at 0°F. (-18°C.) by D 2602 for grade 10 oil.

See 4.6.2.

D 808 is the preferrcd method but D 1317 may be used as an alternate.

D 1552 is the preferred method but D 129 may be used as an alternate.

X-ray fluorescence or atomic absorption spectrochemical analysis methods
that have been previously approved by the qualifying activity (see 6.4) may
be used as alternates to D 811.

6/ Homogencity and Miscibility Test. See 4.6.1 for clarifying instructions.
7/ Included in ASTM,

E/ Not yet published by ASTM. To be included in ASTM STP 315-E, when published ,
(see 2.2).

[l Lo e

5. PREPARATION FOR DELIVERY

5.1 Packaging, packing, and marking. Unless otherwise specified in the con-
tract or purchase order (sce 6.2), packaging, packing, and marking shall be in
accordance with MIL-STD-290,

6. NOTES

6.1 Intended use. The lubricating oils covered by this specification are
intended for the crankcase lubrication of reciprocating spark-ignition and
compression-ignition engines used in all types of military tactical ground
equipment and for the crankcase lubrication of high-speed, high-output,
supercharged compression-ignition engines used in all ground equipment. The
lubricants covered by this specification are intended for all conditions of
service, as defined by appropriate Lubrication Orders, when ambient temperatures
are above ~20°F. (-29°C.).

6.2 Ordering data., Procurement documents should specify the following
information:

(a) Title, number, and date of this specification.

(b) Grade of oil required (sce 1.2).

(¢) Quantity of oil required.

(d) Type and size of containers required (sce 5.1).

(¢) Level of packaging and 1cvel of packing required (sce 5.1).

6.3 Other requirements _and tolcevances ior quality conformence testing. De-
finite nuscrical values ave not specified for certain of the physical and
chemical properties listed in 3.4, and for which corresponding test methods are
given in section 4. Values of some properties vary from onc commercial brand
of oil to another for the same grade These values are influenced by the source
ef the base stock, the identities and quantities of additives, etc. Definite
numerical values are not always functivmally important except, for some pro-
perties, within specificed naximum and/c: minimum limits. It is not possible
(or nccessary) to assigr restrictive valucs in the specification before the
testing of qualification samples. During qualification, test values will be
determined which are characteristic of a particular product and which can serve

62



MIL-L-2104C

thereafter to identify the product. Using the results of qualification testing,
the qualitying activity (sce 06.4) can sct valves, including permissible tolerances,
for futurce quality conformance testing.

6.4 Qualification. With respect to products requiring qualification, awards
will be made only for products which are at the time set for opening of bids,
qualified for inclusjon in the applicable qualified products list whether or
not such products have actually been so listed by that date. The attention of
the suppliers is called to this¢ requirement, and manufacturers are urged to
arrange to have Lhe products that €hey propose to offer to the Federal Govern-
ment tested for qualification in order that they may be eligible to be awarded
contracts or orders for the products covered by this specification. The
activity responsible for the qualificed products 1ist is the U.S. Army Aberdecen
Rescarch and Developement Center, Coating and Chewical Laburatory, Aberdeen
Proving CGround, Maryland 210053, and information pertaining to qualification
of products may be obtained from that activity.

6.5 Certain provisions of this specification are the subject of international
standardization agrecment (NATO STAWAG 1133). When awendrent, revision or can-
cellation ot this specification is proposed which would affect or violate the
international agreement concerned, the prepaving activity will take appropriate
reconciliation action througlh internationnal standardization chamnels, includiny
departmental standavdization offices, if required.

Custodians: Preparing activity:
Army - MR Army - MR
Navy - Sl
Air Force - 68 (Project No. 9150-0167)

Reviecw activities:
Army - ME, WC, AT
Navy - SA, Sli, AS, YD
Air Force - 11, 68
DSA - PS

User activities:
Navy - MC

¥ U. S. GOVERNMENT PRINTING OFFICE: 1971 -433-697 6503
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20 November 1970

MILITARY SPECIFICATION

LUBRICATING OIL, INTERNAL COMBUSTION ENGINE,
ADMINISTRATIVE SERVICE

This specification is mandatory for use by all Departments
and Agencies of thd Department of Defense.

1. SCOPE

1.1 Scope. This specification covers engine oils suitable for lubrication
of commercial-type vehicle reciprocating internal combustion engines of both
spark-ignition. and compression-ignition types used In administrative service
(see 6.1).

1.2 Classification, The engine lubricants shall be of the following
viscosity grades (see 6.2):

Viscosity grade

Grade 10W
Grade 30
Grade 10W-30
Grade 20W-40

2. APPLICABLE DOCUMENTS

2.1 The following documents of the issue in effect on date of invitation
for bids or request for proposal, form a part of the specification to the
extent specified herein.

SPECIFICATIONS

MILITARY
MIL-L-2104 - Lubricating Oil, Internal Combustioun Engine, Tactical
Service
MIL-L-21260 - Lubricating 0il, Internal Combustion Engine, Preservative
and Break-In

LFSC 9150 /
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APPENDIX B

MILITARY SPECIFICATIONS MIL-L-46152
FOR ENGINE CRANKCASE OILS

Preceding page blank
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MILITARY SPECIFICATION

LUBRICATING OIL, INTERNAL COMBUSTION ENGINE,
ADMINISTRATIVE SERVICE

This specification is mandatory for use by all Departments
and Agencies of thd Department of Defense.

1. SCOPE

1.1 Scope. This specification covers engine oils suitable for lubrication
of commercial-type vehicle reciprocating internal combustion engines of both
spark-ignition and compression-ignition types used In administrative service
(see 6.1).

1.2 Classification. The engine lubricants shall be of the following
viscosity grades (see 6.2):

Viscosity grade

Grade 10W
Grade 30
Grade 10W-30
Grade 20W-40

2. APPLICABLE DOCUMENTS

2.1 The following documents of the issue in effect on date of invitation
for bids or request for proposal, form a part of the specification to the
extent specified herein.

SPECIFICATIONS

MILITARY
MIL-L-2104 - Lubricating 011, Internal Combustion Engine, Tactical
Service
MIL-1-21260 - Lubricating Q0il, Internal Combustion Engine, Preservative
and Break-In
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STANDARDS

FEDERAL
Fed. Test Mcthod Std. No. 791 - lLubricants, Lliquid Fuels and Related

Products; Methods of Testing

MILITARY
MIL-STD-105 - Sampling Proccdures and Tables for Inspection by Attributes
MIL-STD-290 - Packaging, Packing and Marking of Petroleum and Relzted
Products

(Copies of spccifications, standards, drawings and publications required
by contractors in connection with specific procurement {unctions should be
obtained from the procuring activity or as directed by the contracting
officer.)

2.2 Other publicativne. The following documents form a part of this speci-
fication to the extent specificd herein. Unless otherwise indicated the issue
in effect on date of invitation for bids or request for proposal shell apply:

AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) TEST METHODS

D 92 - Flash and Fire Points by Cleveland Open Cup

D 97 - Pour Point

D 129 - Sulfur in Petroleum Products by the Bomd Method

D 270 - Sampling Petroleum and Petroleum Products

D 287 - API Gravity of Crude Petroleum and Petroleum Products
(Hydrometer Method)

D 445 - Viscosity of Trausparent and Opaque Liquids (Kinematic and
Dynamic Viscosities)

D 524 - Ramsbottom Carbon Residue of Petroleum Products

D 808 - Chlorine in New and Used Petroleum Products (Bomb Method)

D 811 - Chemical Analysis for Metals in New and Used Lubricating Qils

D 874 - Sulfated Ash from Lubricating Oils and Additives

D 892 - Foaming Characteristics of Lubricating Qils

D 1091 - Phosphorus in lLubricating 0Ofls and Additives

D 1317 - Chlorine in New and Used Lubricants (Sodium Alcoholate Mcthod)

D 1552 - Sulfur in Petroleum Products (High Temperature Method)

D 2270 - Calculating Viscosily Index from Kincmatic Viscosity

D 2602 - Apparent Viscosity of Motor Oils at Low Temperature Using the

Cold Cranking S{imulator

Engine Test Sequence 11B
Engine Test Scquence 1T11C
Engine Test Sequence VC
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(The ASTM test methods listed above are included in Part 17 or Part 18 of
the Annual Book of ASTM Standards and are also available separately, except
for Engine Test Sequenccs IIB, IIIC, and VC. Engine Test Sequence IIB is a
part of ASTM Special Technical Publication STP 315-D. Engine Test Sequences
I1IC and VC will be included in ASTM Special Technical Publication STP 315-E,
scheduled for publication after May 1971, and are currently available only as
preprints.)

(Application for copies of all ASTM test methods except Engine Test Sequences
I11C and VC should be addressed to the American Society for Testing and Mate-
rials, 1916 Race Street, Philadelphia, Pennsylvania 19103.)

(Until publication of Special Technical Publication STP 315-E by ASTM, infor-
mation concerning Engine Test Sequences IIIC and VC may be obtained from U. S.
Army Aberdeen Rescarch and Development Center, Coating and Chemical Laboratory,
AMXRD-CF, Aberdeen Proving Ground, Maryland 21005.)

Specifications and standards of technical societies are generally available
for reference from libraries. They are also distributed among technical groups
and using Federal agencies.

3. REQUIRFMENTS
3.1 Qualification. Engine lubricating oils furnished under this specifica-

tion shall be products which are qualified for listing on the applicable quali-
fied products list at the time set for opening of bids (see 4.5.1 and 6.4).

3.1,1 Each viscosity grade of oil which satisfies all the requirements of
this speciffication shall be qualified for a period not to exceed four years
from the date of its original qualification. When the qualification period
has expired, each product must be requalified if the supplier wishes to main-
tain the formulation as a qualificd product and be eligible to bid on prospec-
tive procurements,

3.1.2 Whenever there 1s a chaunge in the base stock, in the refining treat-
ment or in the additives used in the formulation, requalification will be
required. When proposed changes are minor and may not be expected to signifi-
cantly affect performance, the qualifying activity may, at its discretion,
waive complete requalification or may require only partial requalification in
order to determine the significance and acceptability of the proposed changes.,

3.1.3 The engine lubricating oil supplied under contract shall be identical,
within permissible tolerances assigned by the qualifying activity for the prop-
erties listed in 3.4, to the product receciving qualification. The values re-
sulting after the application of tolerances shall not exceed the maximum nor

fall below the minimum limits specified herein (sce table I and 3.3.1 through
3.3.7).
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3.1.4 Pour-point depressant: All grade oils. No changes shall be made in
cither the type or concentration of the pour-point depressant after qualifi-
cation testing and approval unless;:

a. The oil is rctested for conformity to the stable pour point
requirement (see table T).

b. The qualifying activity (see 6.4) is informed of the proposed
change(s) end of the retesting of the stable pour point,

c. The qualifying ectivity approves the propesed change(s) in
writing,

3.2 Materials. The engine lubricating oils shall be petroleum products,
synthetically prepared products, or a combination of the two types of product
compounded with such functional additives (detergents, dispersants, oxidation
inhibitors, corrosion inhibitors, etc.) as are necessary to mect the specified
requirements. No re-refined constituent materials shall be used,

3.3 Physical and chemical reguirements. The oils shall conform to the re-
spective requirements specified in table 1 and in 3.,3.,1 through 3.3.7.
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Table I. Requirements

Grade Grade Grade Grade
Property 10 30 10W-30 20W-40
Viscosity at 210°F (99°C)
kinematic, centistokes
min, 5.7 9.6 9.6 12.9
max. 7.5 <£12.9 <12.9 <16.8
Viscosity at O°F (~18°C)lj
apparent, centipoises
min, 1200 -- 1200 2400
max, < 2400 -- <2400 < 9600
Viscosity index, min -- 75 -- --
Pour point, °F (max.) -25 0 -25 -10
°C {(max.) 2/ -32 -18 -32 -23
Stable pour point, °F (max.)— ~25 -- -25 -10
°C (max.) -32 ~- -32 -23
Flash point, °F (min.) 400 425 400 415
°C (min.) 204 218 204 213
Gravity, API3/ X X X X
Carbon residueéj X X X X
Phosphorus 3/ X X X X
Chlorineé X X X X
Sulfur 3 X X X X
Sulfated residuegl X X X X
Organo-metsallic componentegl X X X X

1/

~'Report measured, apparent viscosity at 0°F (-18°C) in centipoises for
grades 10, 10W-30, and 20W-40 oils.

=" After being cooled below its pour point, the oil shall regain its homoge-
nity on standing at a temperature not more than 10°F (6°C) above the pour
point.

Q/Values shall be reported ("X" indicates report),.

3.3.1 Foaming. All grades of oil shall demonstrate the following foaming
characteristics when they are tested in accordance with 4.6, table I1
(ASTM D 892).

a. 1Initial test at 75° % 1°F (24° + 0.5°C). Not more than 25 ml
of foam shall remain immediately following the end of the 5-minute blowing
perfod. No foam shall remain at the end of the 10-minute settling period.

b. Intermediate test at 200° * 1°F (93.5° ¢+ 0.5°C). Not more than
150 mi of foam shall remain immediately following the end of the S5-minute
blowing period. No foam shall remain at the end of the l10-minute settling
period,
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c. TFinel tcst at 75° 4 1°F (24° + 0.5°C). Not mere than 25 ml of
foem shall remain immecdiately following the end ol the S-minute blowing

period. BNo foam shall remain at the eud of the 10-minute settling period.

3.3.2 Stability and compatibility,

3.3.2.1 Stabjlity. The cils shall show no evidence of separation or color
change when they arc tested in accordance with 4.6, table I1 (Method 3470 of
Fed. Test Method Std. No. 791).

3.3.2.2 Compatibility. The oils shall be compatible with oils previously
qualified under MIL-L-2104, MIL-L-46152 aud MIL-L-21260. The oils shall show
no evidence of separestion when they ave tested against selected reference
oils in accordance with 4.6, table II (Method 3470 of Fed. Test Method Std.
No. 791).

3.3.3 Moisture-corrosion characteristics. The oils shall prevent or mini-
mize corrosion of ferrous-metal engine compouents in the presence of moisture
induced by low-temperature operating conditjons. Satisfactory perforwmance in
this respect shall be demonstrated when the oils are tested in accordance with
4.6, table 11 (Engine Test Sequence IIB).

3.3.4 Low-temporature deposits, The oils shall mintmize the formatioa of
undesirable deposits associated with intermittent, light-duty, low-temperaturc
operating conditions., Satisfactory performance in this respect shall be
demonstrated when the ofls are tested in accordance with 4.6, table 11 (Engine
Test Sequence VC).

3.3.5 Oxidation characteristics, The oils shall recsist thermal and chemi-
cal oxidation and prevent or minimize thickening and deposits associated with
high-tempcrature operating conditions. Satisfactory performaunce in this re-
spect shall be demonstrated when the oils are tested in accordance with 4.6,
table 1I (Engine Test Sequence IIIC).

3.3.6 Ring-sticking, wear, and accumulation of deposits. The cils shall
prevent the sticking of piston rings and the clogging of oil channels, and
shall minimize the wear of cylinders, rings and leoaded engine components such
as cam shaft lobes, cam followers, valve rocker arms, rocher arm shafts, =nd
the oil pump and fuel injection pump drive gears. Satisfactory performance
shall be demonstrated when the oils are tested in accordance with 4.6, table
11 (Method 346 of Fed. Test Method Std. No. 791).

3.3.7 Bearing corrosion and shear stabjlity.

3.3.7.1 Bearinp corrosiou. The oils shall be necu-corrosive to alley bea -
ings. Satisfactory perfoniance in this respect shall be demonstrated when
the oils are tested {n accordance with 4.6, table 1I (Mcthaod 3405 of Fed.
Test Method Std. No. 791).
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3.3.7.2 Shear stabiljlty. Grade 10W-30 and 20W-40 oils shall demonstrate
shear stability by remaiving within the respective viscosity rauges at 210°F
(99°C), when tested in accordance with 4.6.3.

3.4 Other requirements and tolerances for quality conformance testing.
The following physical aud chemical properties shall be tested in accordance
with the appropriate methods listed in 4.6 to insure that purchased products
are of the same compositions as the respective qualification samples and to
identify the products. No specific values or limits are assigned in quali-
fication testing, except as otherwise specified in table 1 and in 3.3.1
through 3.3.7, but test results shall be reported for all properties listed,
The qualifying activity (sce 6.4) shall establish specific values and toler-
ances for subsequent quality conformance testing for these properties (see
6.3 and 6.4):

Viscosity
Viscosity index
Pour point
Flash point
Gravity, API
Carbon residue
Foaming
Phosphorus
Chlorine

Sulfur

Sulfated ash
Organo-metallic components

4, QUALITY ASSURANCE PROVISIONS

4,1 Responsibility for inspection. Unless otherwise specified in the con-
tract or purchase order, the supplier i{s responsible for the performance of
all f{nspection requirements as specified herein, EIxcept es otherwise speci-
fied in the contract or order, the suppliecr may use his own or any other
facilities suitable for the performance of the inspection requirements speci-
fied herein, unless disapproved by the Government. The Govervment rescrves
the right to perform any of the inspections set forth in the specification
vhere such inspeclions arc deemed necessary to assure supplies and services
conform to prescribed requirements.

4.2 Llot.
4.2,1 Bulk lot, An indefinite quantity of a homogencous mixture of one
grade of oil offered for acceptance in & single, isolated container; or manu-

factured in a single plant run (not exteeding 24 hours), through the same
processing equipment, with no change in the ifugredient materials.
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4.2.2 Packaped lot. An indefinite number of 55 gallon drums or smaller
unit containers of identical size and type, offered for scceptance, and
filled with a& homogeneous mixture of onc grade of oll from a single, isclated
container; or filled with a homogcneous mixturc of one grade of oil, manu-
factured in a single plant run (not excceding 24 hours), through the same
processing equipment, with no change in the ingredient matcrials.

4.3 Sampling.

4.3.1 Sampling for the exemination of filled containers. Take a random
sample of filled containers frow each lot in accordance with MIL-STD-105,
at inspection level II and acceptable quality level (AQL) = 2.5 percent
defective.

4.3.2 Sampling for tests. Take samples from bulk or packaged lots for
tests in accordance with ASTM Method D 270.

4.4 1Inspection. Perforw inspection in accordance with Method 9601 of Fed.
Test Method Std. No. 791.

4.4.1 Examination of {illed containers. Examine camples taken in accord-
ance with 4.3.1 for compliance with MIL-STD-290 with regard to fill, closure,
sealing, leakage, packagiung, packing, and warking requircments. Reject any
container having one or more defects or under the required fill. If the
number of defective or underfilled containers exceeds the accecptance number
for the appropriate sampling plan of MIL-STD-105, reject the lot represented
by the sample,

4,5 Classification of tests.

a. Qualification tests
b. Quality conformance tests

4.5.1 Qualification tests. Qualification tests consist of tests for all
of the requirements specified in section 3 and may be¢ conducted in any plant
or laboratnry approved by the qualifying activity (sce 6.4) unless otherwise
specified in 4.6.1 through 4.6.3. Qualification tcests shall be performed on
each viscosity grade cxcept as specified in 4.5.1.1 and 4.5.1.2.

4.5.1.1 The stable pour-point test (Method 203 of Fed. Test Mcthod Std.
No. 791) shall be required only on grade 10W, 10W-30 and 20W-40 ofls.

4.5.1,2 Shear stability shall be required for only grade 10W-30 and 20W-40
oils.
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4.5,2 Quality conformance tests. Tests for quality conformance of individ-
ual lots shall consist of tests for all of the requirements in section 3,
except for the following (see table II):

Stable pour point

Stability and compatibility

Ring-sticking, wear, and accumulation of deposits
Low~-temperature deposits

Oxidation characteristics

Moisture-corrosion characteristics

Bearing corrosion and shear stability

4.6 Test methods. Perform tests in accordance with table II and with 4.6.1
through 4.6.3 as applicable.

4.6.1 Stability and compatibility. Determine the stability and compati-
bility of the oils by the procedures for "Homogeneity' and "Miscibility"
given in Method 3470 of Fed. Test Method Std. No. 791, as explained in
4.6.1.1 and 4.6.1.2, The procedures in 4.6.1.1 and 4,6.1.2 should be per-
formed at the same time. This test shall be conducted only in a laboratory
designated by the qualifying activity (see 6.4).

4.6.1.1 Stability. Determine the stability by subjecting an unmixed sample
of oil to the prescribed cycle of temperature changes, then examine the sample
for conformance to the requirements of 3.3.2.1. Record the test results on a
copy of the "Homogeneity and Miscibility Test" form in the column marked "None" ,

4.6.1.2 Compatibility., Determine the compatibility of the o0il with other
oils previously qualified under MIL-L-2104, MIL-L-21260, and MIL-L-46152 by
subjecting separate mixtures of the oil with selected reference oils desig-
nated by the qualifying activity (see 6.4) to the prescribed cycle of tempera-
ture changes, then examine the mixtures for conformance to the requirements
of 3.3.2.2. Record the test results on the same copy of the "Homogeneity and
Misclbility Test" form (see 4.6.1.1) in the appropriate colums marked "'1-30",
"2-30", etc,

4.6.2 Stable pour point. The stable pour-point test shall be conducted
only in a laboratory designated by the qualifying activity (see 6.4).

4,6,3 Shear stability. Determine the shear stability of grade 10W-30 and
20W-40 o0ils by the following method:

a. Weigh 25 grams of used oil, obtained at 10 hours of testing in
accordance with Method 3405 of Fed. Test Method Std. No. 791, into a 50-ml
three-necked round bottom flask equipped with a thermometer, gas inlet tube,
stirrer, and distillation side arm.

b. Heat the sample at 248° + 9° F (120° % 5°C) in a vacuum of 100 mm
of mercury with a nitrogen sparge for one hour.
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2. Filter the stripped sample through a 0.1 micron Seitz filter pad.

4. Deotermine the kiveuwatic viscosity at 210°F (99°C) of the filtered
sample using ASTM Mcthod D 445 for conformance to the requiremwents of 3.3.7.2.

Table I1. Test methods

Test Method No. Test Method No.

Test Fed, Std. 791 ASTM
Viscesity, kinematic D 445
Viscosity, apparent D 26021/
Viscosity index D 2270
Pour point b 67
Stable pour point 2033/
Flash coint D 92
Gravity, APL D 287
Carbon residue D 524
Phosphorus D 1091 )
Chlorine D 808 orDl3177j‘-;
Sulfur D 1552 or D 125--
Sulfated residue D 8745/
Organo-mctallic components D 811=
Foamiung 6/ b 892
Stability and compatibility 3470~ 7/
loisture-corrosion charscteristics Sequence IIB7
Low temperature deposits Sequence VC§-
Ox:ication characteristics Sequence IIIC§/
Ring-sticking, wear, aud accumulation 346

of deposits 9/
Bearing corrosion and shear stability 3405+
l/Obtain the viscosity at 0°F (-18°C) by D 2602 for prade 10w, 10W-30 and 20W-40

,0ils.
t;See 4.6.2
2/0 808 is the preferred method but D 1317 may be uscd as an alternate.

D 1552 is the preferred method but D 129 miy be used as an alternate.

</ X-ray fluorescence or atomic absorption spectrochemical anslysis methods that
have been previously approved by the qualifying activity (sce 6.4) may be
used as alternates to L 811.

%5Homogeneity and miscibility test (sece 4.6.1 {for clarffyinpg instructions.

=" Included {n ASTM STP 315-D.

="Not yet published by ASTM. To be included in ASIH SPP 315-E, when published

9/(sec 2.2).

=~ See 4.6.3
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5. PREPARATION FOR DELIVERY

5.1 Packaging, packing, and marking. Unless otherwise specified in the
contract or purchase order (see 6.2), packaging, packing, and marking shall
be in accordance with MIL-STD-290.

6. WNOTES

6.1 Intendecd use. The lubricating oils covered by this specification are
intended for the crankcase lubrication of commercial-type vehicles used for
administrative (post, station, and camp) service typical of: (1) gasoline
engines in passenger cars and light to medium duty trucks operating under
manufacturer' warranties; and (2) lightly supercharged diesel engines operated
in moderate duty., The Iubricating oils covered by this specification are
intended for use, as defined by vehicle manufacturer, when ambient tempera-
tures are above -20°F (-29°C).

6.2 Ordering data. Procurement documents should specify the following
information:

Title, number, and date of this specification.

Grade of oil required (see 1.2).

Quantity of oil required.

Type and size of containers required (see 5.1).

Level of packaging and level of packing required (see 5.1).

AN ok

6.3 Other requirements and tolerances for quality conformance testing.
Definite numerical values are not specified for certain of the physical and
chemical properties listed in 3.4, and for which corresponding test methods
are given in Section 4. Values of some properties vary from one commercial
brand of oil to another for the same grade. These values are influenced by
the source of the base stock, the identitics and quantities of additives, etc.
Definite numerical values are not always functionally important except, for
some propertics, within specified maximun and/or minimum Timits. (t is not
‘possible (or necessary) to assign restrictive values in the specification
before the testing of qualification samples. During qualification, test values
will be determined which are characteristic of a particular product and which
can serve thereafter to identify the product.: Using the results of qualifi-
cation testing, the qualifying activity (see 6.4) can set values, including
permissible tolerances, for future quality conformance testing.
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6.4 Qualification. With respect to producls requiring qualification,
awards will be made only for products which are at the time set for opening
of bids, qualified for incltusion in the applicable Qualified Products List
whether or not such products have actually been so listed by that date. The
attention of the suppliers is called to this requirement, and manufacturers
are urged to arrange to have the products that they propose to offer to the
Federal Government tested for qualification in order that they may be
eligible to be awarded contracts or orders for the products covered by this
specification. The activily responsible for the Qualified Products List is
the U.S. Army Aberdeen Research and Development Center, Coating and Chemical
Laboratory, Aberdeen Proving Giround, Maryland 21005 and information pertain-
ing to qualification of products may be obtained from that activity,

Custodians: Preparing activity:
Army - MR Army - MR
Navy - SH
Air force - 68 (Project No. 9150-0316)

Review activities:
Army - MI, WC, AT
Navy - SH, SA, AS, YD, MC
Air Force - 11, 68

DSA - PS

User activities:
Army - ME
Navy - 0S

¥ U. S. GOVERNMENT PRINTING OFFICE: 1970.433 693, 3080
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A TECHNICAL AND ECONOMIC STUDY
OF WASTE OIL RECOVERY

PART VI A Review of Re-refining Economics
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1.0 INTRODUCTION AND SUMMARY

The purpose of this report is to update previously reported economic data for
re-refining of waste crankcase oils and to provide some insight into the under-
Tying causes of shifts in the profitability of recycling used lubricants.
Previous research has described the forces which led E? a sharp decrease in
crankcase 0il re-refining during the period 1960-1972 ) During this interval,
several interrelated factors contributed to an increase in the cost of re-
refining:

® C(osts of re-refining rose as a result of higher prices for feed-
stock, chemicals, labor and maintenance.

® The availability of top quality, major brand Tube 0ils at discount
prices resulted in a rapid increase in the number of user performed
0il changes.

® Waste oil generation rose slowly in step with lube oil demand.

® Sources of waste oil available for recycling became more dispersed,
thereby increasing collection costs.

® New performance additive formulations made crankcase o0il re-refining
more costly due to the higher volumes of acid required and the lower
overall recovery of Tube oil.

As has been discussed e]sewhere(]), most re-refined lube oil is sold in bulk as
non-detergent 0il to independent jobbers. In view of the low quality image of
re-refined 0il, the jobbers are concerned mainly with price. Cheap, low
quality virgin Tubricants provide the alternative supply source for this market
and the price of these 0ils sets a ceiling on the price that re-refiners can
charge for their products. As shown in Figure 1, during the 1960's refinery
prices for virgin lube 0ils remained steady at about 22¢ per galion. Hence,
re-refiners, faced with rising production costs, were unable to increase prices
in order to preserve profitability. This cost/price squeeze was the major
reason for a two-thirds reduction both in the number of re-refiners and in
total annual production of re-refined oil which has occurred since 1960.

Since mid-1973, the re-refining industry has enjoyed a period of unprecedented
profitability. A fourfold increase in crude 0il prices coupled with declining
production of virgin lube 0ils enabled re-refiners to raise prices sufficiently
to increase profit margins from 1¢ per gallon in July, 1973 to more than 10¢
per gallon in July, 1974, By early 1975, however, softening demand for lube
0ils due to reduced economic activity resulted in a reduction of lube gil
prices from the peak of about 53¢ per gallon registered in late 1974. By

May of 1975, market prices for bulk sales of unblended re-refined oil fell to
50¢ per gallon. Continuing increases in production costs for re-refined pro-
ducts, especially as a result of competition from fuel markets for waste oil
supplies, are now beginning to erode profit margins. The extent of this erosion
will dgpend not only on future shifts in the relative prices of lube 0il and
fuel 0il, but also on the prices re-refiners must pay for materials and labor.

§<<
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REFINERY GATE PRICE FOR 300 NEUTRAL LUBE OIL*

1960-1975
60 61 62 63 64 65 66 67 68 €9 70 71 72 73 74 75
JFMAMJJASONDJFMAMJIJASONDJFMAM
YEAR

* Platts 0il Price Handbook & Oilmanac, McGraw Hill & Co.,
1960-1974; and Platts Oilgram, January+May, 1975.
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2.0 TRENDS IN LUBE OIL RE-REFINING

The response of the re-refining industry to the abrupt changes in the economics
of waste o0il collection, re-refining, and marketing which have occurred since
mid-1973 is discussed in this section. A previous report provides more (1)
detailed background information on these three stages of waste 0il recovery

Much of the data and information presented in this report were collected

during nineteen interviews conducted with re-refiners located in or near major
metropolitan areas throughout the United States. Of these nineteen interviews,
thirteen were conducted in mid-1973 and six were conducted in late 1974. Data
collected in the second set of interviews were updated during telephone con-
versations in spring of 1975. Table 1 summarizes economic and operating data
for the six companies interviewed in fail of 1974.

2.1 Waste 0i1 Collection

Prior to the Arab oil embargo and the sharp rise in crude oil prices, waste 0il
collectors charged about 3 cents per gallon for removal of used oil from ser-
vice stations. A re-refiner could expect to receive waste o0il at a delivered
cost of about 3 to 4 cents per gallon. Many re-refiners purchased a signifi-
cant portior of their waste oil from independent collectors.

Since the embargo, increasing volumes of waste oil have been directed to the
fuel market where collectors can expect to receive as much as 15¢ per gallon
depending on the season and geographical location. A recent survey of six
re-refiners across the country revealed that the average delivered cost of
waste oil rose from 3-4 cents per gallon in mid-1973 to 12-13 cents per gallon
in early 1975. Further, waste oil availability at these prices was insuffi-
cient for plant operation at or near capacity. Re-refiners, processing crank-
case 0il only, are now operating at roughly 45 percent of capacity.

In response to the shift in waste oil availability, re-refiners have adopted
two strategies. The first is to compete directly with waste o0il collectors by
purcnasing tank trucks and scouring the local area for used oil supplies. A
number of re-refiners have taken this approach in order to assure long term
survival. However, since indep?n§ent operators can collect waste 0il at a
Tower cost than can re-refiners{i), a few re-refiners have purchased tank
trucks and leased them to individuals on an annual basis. In this way, a re-
refiner can avoid the high cost of salaries and maintenance he would incur if
?e gpiraﬁed his own trucks and still assure himself of an increased supply of
feeds tock.

The segond strategy adopted by re-refiners to increase their supply of feed-
stock is to put greater emphasis on closed-cycle re-refining of waste oils

provided by'inQUstrial and commercial clients. Under closed-cycle conditions,
the waste oil is never available for any end use other than re-refining.

84<
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Table 1

ECONOMIC AND OPERATING DATA FOR 6 RE-REFINING COMPANIES

of Waste 0i}
(Dry Basis)

T

Delivered Cost' fraction of

Capacity Utilized
(%)

FOR THE FISCAL

~

(including feedstock
but excluding taxes
and administrative
costs)

¢/gal of Product

YEAR 1973-1974

Cost of Re-refining 'Products

Sold
1000
gal/yr

Principal Markets Served i

Total
Revenues
£1000/yr

] 4,400

600

12

48

29

3,000

: Bulk sales of unbleaded auto lube to
. Sales of unblended auto lube in pack-
: Sales of blended auto lube in pack-

: Industrial oils sold directly to final

—+
jobbers at 50¢/gal,

ages to distributors at 92¢/gal;
ages to distributors;

users.

2,000

75

12

50

1,200

80%:

20%:

Blended auto lube 0il sold in drums to
commercial accounts through distri- 1
butars; :
Blended 0il sold in quart cans to
jobbers

1,500

10,690

12

87

10,000

90%:
10%:

Industrial and railroad oils scld
directly to final users;

Sales of blended auto Tube to commer-
cial fleets

NA

13

42

32

2,480

50%:
30%:
15%:

5%:

Bulk seles of unblended auto lube to
jobbers at 40¢/gals

Sales of unblended auto lube in cases
of quarts to jobbers at $1.04/gal;
Sales of blended auto lube in drums
to jobbers at $1.30/gal

Sales of unblended auto lube in drums
to jobbers at 60c/gal

4,500

13

42

32

2,880

: Bulk sales of unblended auto lube to
- Sales to wholesaler of unblendud auto

: Sales to wholesaler ¢f blended autc

jobbers at 50¢/gal;
Jube in cases of qts. at 90¢/gel;

lube in cases of qts at £1.186/gal.

2,400

12

80

50

960

: Biended auto lube sold in drums to

: Bulk sales of unblended auto lube to

commercial accounts;

Jokhers,




Further, 0ils recycled under such conditions compete with high quality virgin
Tubes and, therefore, command a much higher price than lube oils sold in bulk
in wholesale markets. Additionally, closed-cycle re-refining provides clients
with waste oil disposal services. In view of future reguiations for solid
waste management and hazardous waste disposal, closed-cycle re-vefining of
industrial oils is likely to increase significantly.

2.2 Crankcase 0il Re-Refining

Figure 2 presents a display of the important cost factors in the production of
re-refined crankcase oil. By far the most important cost component in re-
refining is the delivered cost of the waste 0il feedstock. Based on interviews
with six re-refiners, the average delivered cost of feedstock was 13 cents per
gallon on a dry basis. Since bottom sediment and water (BS&W) typically amount
to 15 percent of the waste oil volume, it is essential for re-refiners to
monitor closely the quality of the waste oil they purchase. On the average,
waste crankcase 0il also contains about 3 volume percent fuel. The average
yield of lube 011 was reported to be about 75 percent based on dry waste oil
feed. This corresponds to a 64 percent overall yield based on waste 0il as
received, The total cost of waste oil per gallon of finished product is 17¢
per galion.

Since the cost of feedstock is about 50 percent of total re-refining costs, it
is clear that the profitability of waste oil recovery is highly sensitive to
changes in the cost of waste oil. For every cent increase in the delivered
cost of waste o0il, re-refining costs will rise by about 1.33 cents. An
increase in fuel o0il prices can be expected to result in a parallel increase
in the cost to re-refiners of waste oil. If increases in waste oi] costs are
not compensated for by increases one-third greater in prices for re-refined
products, then re-refiners will be unable to maintain recent profit margins.

2.2.1 Labor

Labor costs have risen sharply in recent years making it imperative for re-
refiners to maintain production at maximum levels in order to minimize unit
costs. For example, according to the Bureau of Labor Statistics, the annual
-average wage for refinery production workers rose more than 27 percent between
1970 and 1973. Although wages earned by workers in re-refineries are lower
than wages earned by refinery workers, continued inflation has certainly
resulted in further increases in labor costs.

Re-refiners have attempted to reduce the combined impact of wage increases and
reduced feedstock availability on profitability by diversification of their
product mix. In addition to lube 0il, a number of firms now produce fuel oil
and industrial oils, frequently under closed-cycle conditions. In the case of
fuel o0il, re-refiners can accept contaminated feedstocks which are not suitahle
fqr lube o1l.recovery. In the case of industrial oils, closed-cycle opera-
tions effectively eliminate competition from independent collectors who sell
to fuel marketers.
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2.2.2 Materials

Increases in price for sulfuric acid and clay are important contributors to the
recent increases in re-refining costs. Current price data indicate that sul-
furic acid (H2SOg), at $50 per ton, contributes about 2.7 cents to the cost of
producing a gallon of re-refined oil. Clay, at $82 per ton, contributes 1.6
cents to the cost of producing a gallon of re-refined oil. Typical quantities
of acid (66° Baumé) and clay required per gallon of finished oil are 1.06 1bs
HpS0q and 0.4 1bs of clay.

2.2.3 Waste Disposal

Several years ago disposal costs for acid sludge and spent clay were a very
small contributicn to total re-refining costs. Together, the cost of disposal
of these materials amounted to less than one cent per gallon of finished oil.
Recently, however, increasingly stringent state regulations for solid waste
disposal and hazardous waste management have, in some instances, forced re-
refiners to abandon traditional dumping sites in favor of geologically
insulated landfills. Since such landfills are, in most cases, more distant
from the plant than formerly acceptable disposal sites, sludge transportation
costs have escalated sharply.

For example, one large re-refiner was dumping acid sludge in a sanitary land-
fill where the soil was a porous sand. Local water pollution control officials
ordered the re-refiner to locate an alternative disposal site within two weeks.
After two weeks time, the company was unable to locate a suitable site and as

a result was forced to cease operations. Another month passed before the firm
was able to locate a candidate disposal site and provide the local water pollu-
tion control office with core drillings which indicated that the site was
geologically insulated. The new landfill is eighty miles distant from the
plant.

For this company, the total cost of waste disposal is now about 3 cents per
gallon of finished oil. Formerly, the cost of acid sludge and clay disposal
amounted to less than 0.8 cents per gallon of finished oil.

The effect of solid waste disposal regulations on the cost of acid sludge dis-
posal has not been uniform throughout the country. However, re-refiners are
acutely aware of the impact of new disposal regulations on their businesses.

As an alternative to the disposal of acid sludge, a group of re-refining
companies developed a limestone neutralization process. However, the cost of
this alternative is estimated at between 8 and 10 cents per gallon of lube oil
produced. Further, leaching of heavy metals, especially lead, may still be a
problem for neutralized sludges. The critical choice for re-refiners forced
to seek new disposal sites involves a tradeoff between the cost of sludge
transport and disposal at distant sites which are geologically insulated and
the cost of sludge treatment and disposal at nearby less insulated landfills.
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2.3 Blending and Compounding

2.3.1 Viscosity Improvers

Re-refined oils vary somewhat in viscosity depending on feedstock properties
and processing conditions. Generally the finished product has a viscosity of
between 55 and 58 Saybolt Universal Seconds (SUS) at 210°F. This is equivalent
to the viscosity of an SAE 20 weight oil. In order to raise the viscosity to
that of a 30 weight or 40 weight oil, a small percentage of a heavy virgin oil
or brightstock may be added. Brightstocks frequently used have viscosities of
150 and 165 SUS at 210°F. A rough rule of thumb is that the viscosity, at
210°F of a 20 weight lubricating o0il, will increase by 1 SUS for every 3 per-
cent of brightstock added. Brightstocks are purchased by re-refiners from
major oil companies for about 64¢ per gallon. If it is desired to raise the
viscosity of a re-refined oil from 55 SUS (SAE 20) to 61 SUS (SAE 3Q), then

18 percent brightstock must be added at a cost of 11.5¢ per gallon of oil
produced. Since brightstocks are virgin oils, a federal excise tax of 6¢ per
gallon must be paid on brightstocks used in blending.

Alternatively, chemical additives such as polyisobutylene may be blended to
increase viscosity. Polysiobutylene has the added advantage of raising the
viscosity index as well as the viscosity of the oil with which it is blended.
One supplier of such additives quotes a price for viscosity improver of $1.40
per gallon f.o.b. Los Angeles. For the same base stock mentioned above, only
3.0 percent of a polyisobutylene compound must be blended to raise the viscos-
ity to 61 SUS at 210°F. This would cost 4.2¢ per gallon of product®. No
excise tax is levied on the blended material in this case.

2.3.2 Performance Package

Once the viscosity of a re-refined 0il has been adjusted to the desired value,
further blending with specialized additives is required to produce a high
performance product which meets automobile manufacturers' specifications for
engine oils for use in new cars.

One important supplier of engine oil additives manufactures a general purpose
motor oil performance additive which when blended with a 30 weight non-deter-
gent base 0i) produces an 0il which meets all the specifications required for
an API SE rating and meets automobile manufacturers warranty requirements for
1975 model vehicles. This performance additive sells for $3.17 per gallon
f.o.b. Los Angeles, California™. 6.8 percent by volume of this performance

+ Due to supply shortages during 1974 and early 1975, many re-refiners were
unable to purchase polyisobutylene.

++ No excise tax is levied on performance additives.
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additive is required to produce an SE grade oil. The cost of this blending is
about 21.6¢ per gallon of product. Hence the total cost to produce an SE grade
0il from crankcase drainings is about 55.6¢ per gallon. Table 2 gives details
of this calculation.

2.3.3 Multi-Grade Qils

Multi-grade oils are produced by combining a viscosity index improver with a
blend of Tube 0il stocks and the performance additive. As shown in Figure 2,
10W-30 (a popular multi-viscosity oil) can be made by mixing a viscosity index
improver and a performance additive package with a blend of equal volumes of
re-refined base lube stock (viscosity 56 SUS at 210°F) and re-refined light
lube stock (viscosity 40 SUS at 210°F). (A re-refined 1ight lube stock costs
more to produce than a re-refined base stock because additional distillation
and acid/clay treating steps are required.) The resulting mixture should have
a viscosity at 0°F equal to that of a 10 weight oil (6,000-12,000 SUS) and a
viscosity at 210°F equal to that of 30 weight oil (58-70 SUS). Thus, multi-
grade lube oils have the advantages of a 1ight weight (SAE 10W) oil at Tow
temperatures and a heavier weight (SAE 30) oil at high temperatures. Such
0oils are commonly recommended by automobile manufacturers for use in modern
vehicle engines. While the cost of producing multi-grade oils is higher than
that for single-grade and non-detergent oils, profit margins on such sales are
very attractive (see Figure 2).

2.4 Marketing

2.4.1 Wholesale and Retail Markets

Historically, most of the oil produced by U.S. re-refiners was sold as non-
detergent o0il in bulk lots of several thousands of gallons to independent
jobbers. Jobbers act as middle men between re-refiners (and other producers
of lubricants, fuels and automobile accessories) and marketing outlets such as
automotive supply stores, garages, discount houses, service stations, etc.
Thus a jobber may have a number of sources of Tube 0il supply and will buy from
those sources which offer the lowest price. Jobbers may alsc blend and/or
package lube o0ils for major oil companies and distribute these products to
local markets. Major brand Tube oils are normally sold by jobbers under the
label of the producing company. Lube 0ils produced by re-refiners may be sold
under a variety of brand names.

Re-refined 0ils sold by jobbers compete with cheap, low quality virgin lubes a4
customers seeking a quality product generally select their purchases on the
basis of identification with nationally advertised major brands. Even in
discount stores, a recent marketing study indicated that brand name and quality
level (as indicated by the service classification printed on the container
label) are far more important factors in purchase decisions than pricelzs.
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Table 2
BLENDING COSTS FOR RE-REFINED OILS

{Single Viscosity)

Percent Additive

Cost, ¢/Gal

Operation Blended of Blended Qil
Viscosity Improvement
from 55 SUS to 61 SUS at 210°F 3.0 4.2
Performance package to meet
SE specifications 6.8 21.6
Summar
Cost, ¢/Gal
Product Gallons of Blended 0il
Re-refined base stock 0.902 29.8
Viscosity improver .030 4.2
Performance package .068 21.6
SE grade oil 1.00 55.6
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Since U.S. re-refiners are small businessmen who spend 1ittle or no money on
advertising, brand identification has played essentially no role in the market-
ing of re-refined oils. Since a lube o0il purchaser is generally not able to
evaluate independently the quality of the Tube 0il he buys, he must depend on
the integrity of the manufacturing company for protection. Although use of
poor quality lubricants can lead to costly engine repair bills, the use of a
label designating an oil as suitable for a given class of service is wholly the
responsibility of the producer of that particular brand of oil. There is no
independent organization which monitors lube 0il quality. Consumers do, there-
fore, place a considerable amount of trust in the quality control procedures
exercised by lube oil manufacturers.

In view of this situation, it is not difficult to understand why re-refined o0il
sold in retail markets has failed to gain acceptance among quality conscious
customers and must therefore compete with Tow quality lubricants. Regardless
of the actual performance of re-refined products, the re-refining industry has
never enjoyed a reputation for producing high quality Tube oils. Rather, this
business has a history of opportunists and men of questionable integrity whose
operations have served to discredit those re-refiners who do produce high
quality products. Partially as a result of this situation, in 1958 the Federal
Trade Commission ruled that oils sold in interstate commerce which are in whole
or part composed of previously used oils must be labelled as "manufactured from
previously used 0ils." Hence, regardless of the quality of re-refined lubri-
cants, the FTC ruling has cast a stigma on these oils since, to the customer,
the word "used" frequently implies a product of inferior quality. As a result,
most individuals who knowingly buy re-refined oils in retail markets are con-
cerned with obtaining the cheapest o1l available. Hence high quality re-
refined oils which have been blended with additives are rarely, if ever, soid
in retail outlets because the price of such oils is too high relative to that
of the competing low quality, non-detergent virgin lubes.

These barriers to public acceptance of re-refined oils are illustrated in
Figure 3. This diagram shows how the considerations discussed above build upon
one another and reinforce the public's negative attitude towards re-refined
0il. Both the failure of the re-refining industry to regulate the quality of
its products and the Federal labelling law have served to foster a poor public
image for recycled lube 0il. Thus re-refined 0il has become acceptable only

to customers who are highly price conscious. High quality re-refined oils are
not price competitive with low quality, non-detergent virgin lubes and thus are
not available in most retail markets. As a result, only low quality, non-
detergent re-refined oil is marketed. Under these conditions, public confi-
dence in the quality of recycled 0ils can never be increased because high
quality recycled oils are not readily available to the public. Further, because
of the inherent trust which a purchaser places in the manufacturer of lube oil,
it is unlikely that the small and relatively obscure firms that produce re-
refined oils could be successful in_retail marketing of high quality recycled

0ils in competition with equivalent Tubes produced by nationally known petro-
leum companies.
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Although the re-refining industry has not earned the confidence of quality
conscious lube 0i1 consumers, the marketing efforts of producers of virgin
Tubricants have traditionally relied heavily on public confidence gained
through familiarity with established brand names and many years of acceptable
product performance. For example:

When your car ts worth caring for,
Penzoil is worth asking for; and

You can trust your car to the man
who wears the star

are advertising slogans which typify the strategy of large 0il companies

in marketing of lube 0ils to retail customers. Thus if those firms which now
market high quality virgin lube 0ils were to include top quality re-refined
0ils in their product lines, it is highly probable that such oils would gain
public acceptance over a relatively short period of time. However, it is
unlikely that a producer of virgin lube oils would consider purchasing base
stocks from a re-refiner unless lower cost virgin lubes of equivalent quality
were not available elsewhere. During late 1973 and early 1974 (see Section
2.5 below) an acute shortage of virgin lube 0ils did develop and several major
0il companies did actively explore the possibility of supplementing lubricant
supplies by purchasing re-refined 0i1. Recent increases in lube oil supply
in the face of falling demand have, however, had a dampening effect on these
activities.

Since most re-refining companies sell the bulk of their production as unblended
base stock to independent jobbers, and since re-refined 0il sold by jobbers com-
petes with cheap, low quality virgin Jubes, the price of these relatively inexpen-
sive virgin oils acts as a ceiling for the price of most re-refined oil.

Thus those firms which sell primarily to jobbers can be vulnerable to

sharp swings in profitability depending on the product demand and the available
supply of those grades of virgin lube oil with which re-refined oils must com-
pete. During periods when lube 0i1 demand is high relative to supply, avail-
able volumes of virgin Tube 0ils are directed first to the high quality, high
price markets. These include retail outlets such as service stations and auto-
mobile garages, and commercial accounts such as trucking companies, taxi

fleets, etc. As a result, customers who normally pay a Tower price, such as
large industries, discount stores, and other bulk consumers may find themselves
without a supplier. Further, since the higher quality oils (those blended with
specialized chemical additives) are the products whose sales yield the greatest
profits, the available volume of lower quality (unblended, non-detergent) lube
0ils is sharply reduced. This Tow quality market, which consists principally of
non-dealership garages, independent service stations and discount stores, is the
major outlet for re-refined oils. Reduced competition from producers of virgin
lubes permits re-refiners to realize higher profit margins during such periods
of tight virgin o0il supply. Conversely, as new productive capacity for virgin
lTube 011s comes on stream and/or demand falls, some of the available production
will be directed to the low quality market served by re-refiners. Competition
will increase resulting in lower profit margins. For example, as late as the
summer of 1973, the bulk of all sales of lube 0il by re-refiners was made at a
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profit of only about 1¢ per gallon. Since then, the price of lube 0il in the
same markets has risen relative to production costs so that today a profit
margin of 10¢ to 15¢ per gallon on sales of unblended re-refined 0il is not
uncommon. It should be clear that the existence of such attractive profit
margins will attract a portion of the future production from virgin Tube 01}l
plants and thus reduce the profit margin available to re-refiners. In an
inflationary period, the inability to control production costs in the face of
increasing competition from suppliers of virgin lube oils could result in a
recurrence of the cost/price squeeze which forced many re-refiners out of
business in the late 1960's and early 1970's.

2.4.2 Commercial/Industrial Markets

The commercial/industrial lube 01l market consists of both "on highway" and
"off highway" users. On highway users include truck, taxi, and bus fleets and
motor pools. Off highway users include railroads and farms, where engine
lubricants are required, and manufacturing and mining industries where cutting
0ils, hydraulic fluids, transformer oils, grinding oils, etc., are used. In
the commercial/industrial market the emphasis is on quality and hence re-
refined Tube cils must compete with high grade lubricants produced by the
major oil companies. Although profit margins are not as large as in the high
quality retail automotive market, barriers to the use of re-refined oils are
not as great. Several re-refiners have for many years been able to sell most
of their production to commercial and industrial clients. These firms are
among the most profitable in the re-refining industry.

Since mid-1973, sales of re-refined 0il to commercial and industrial users

have expanded significantly. While it is not possible to specify the actual
volumes consumed nationwide, all the re-refiners interviewed for this study
emphasized the success of their marketing efforts in this sector. An acute
shortage of virgin lube 0ils which occurred in late 1973 and early 1974 forced
a number of industries and businesses to turn to re-refiners for lube oil
supplies. Successful use of re-refined oils by these clients has provided an
important marketing tool for re-refiners in further expanding their commercial
and industrial business. As discussed in a previous report, a re-refiner's
success in penetrating this market has been traditionally based upon long term,
close Y?rking relationships with the clients as well as a competitive lube 0il
price( . From these relationships the client develops a trust in the
integrity of the re-refiner and the quality of the re-refiner's product.

During the past 18 months a shortage of virgin lube o0ils provided re-refiners
with an opportunity to secure many new customers over a relatively brief period
of time. However, the present oversupply of lube 0ils is certain to result in
a return of stiff competition for re-refiners from producers of virgin lubri-
cants (see Section 2.5.4, below).
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2.5 Price and Availability of Virgin Lube Qils

Three major factors have affected the profitability of re-refining since mid-
1973:

® A sharp rise in the price of fuel o0il
® Increases in the costs of labor, materials and chemicals
@ A sharp rise in the price of virgin lube 0il

The first two factors were discussed in Sections 2.1 and 2.2 above. This

section focuses on the price and availability of virgin Tube 0ils and the
effect of these variables on the future of the re-refining industry.

2.5.1 Price of Virgin Lube 0il

As shown in Figure 1, since the fall of 1973, refinery gate prices for virgin
lube 0i1s have more than doubled. This has permitted re-refiners to raise the
price of re-refined base stock by about the same percentage. Thus while in
1973 profit margins on bulk sales of re-refined lube 01l were only a few cents
per gallon, by mid-1975 margins as large as 17¢ per gallon could be realjzed.
Margins on sales of blended products to commercial and retail customers also
rose sharply, but the percentage increase was much Tess than in the case of
the wholesale market.

Although the steep rise in the price of virgin lube oil was mainly attributable
to the increase in crude oil prices, strong demand, and artificial shortages
created by the oil embargo and price controls also contributed to the escala-
tion in lube 0il prices. In fact, for a period during early 1974, when lube
01l prices were controlled at the pre-embargo level, refiners found it profit-
able to crack lube feedstocks (1ight, medium and heavy vacuum gas oils) to
produce gasoline and other fuels which were not subject to price controls. As
a result the supply of virgin Tube 0ils became increasingly tight. A number
of petroleum companies halted marketing activities, recalled salesmen from the
field, and placed customers on allocation according to 1972 purchases.
Articles appeared in Fhe }rade press which forecast a long term shortage of
industrial lube o0ils 1324). The situation was thought to be especially criti-
cal in view of the closure of older lube 0il refineries due to shortages of
special types of crude 0ils and the excessive cost of compliance with environ-
mental and health and safety regulations. The shortage of virgin lubricants
provided re-refiners with an important opportunity to expand sales in the high
profit commercial/industrial market. Municipalities, vehicle fleets, and
!ndustries which traditionally obtained lube oils from major 0il companies and
independent compounders were forced to seek supplies from re-refiners. Re-
refiners who have been able to provide the required products and assurance of
quality to such customers have been able to increase the profitability of
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their operations. For example, as late as fall of 1973, one of the re-refiners
interviewed in this study sold about 95 percent of his production as non-
detergent 0il to a local jobber. As discussed above, at that time the profit-
ability of such sales was about one cent per gallon. In early 1974 the local
city government solicited bids for lube 0il supply and received only one
response — the re-refiner's. After considerable discussions relating to
quality control procedures, the city accepted the re-refiner's bid. Since
obtaining the contract with the city the re-refiner has been able to make sub-
stantial progress in increasing the fraction of his production which is sold as
blended o0il to quality conscious commercial and industrial customers. By early
1975 less than half of the firm's production was being sold in the bulk whole-
sale market.

2.5.2 Future Lube Qi1 Supply and Demand - Impact on the Re-Refining Industry

Although during the past 18 months the re-refining industry has enjoyed a
period of unprecedented profitability, it is unlikely that these profit levels
can be maintained over the longer term. By the end of 1974 decreasing demand
for lube oils coupled with additions to refining capacity resulted in large
additions to lube oil stocks. Table 3 summarizes Bureau of Mines data for
domestic lube 0il production and demand for the period 1965-1974. From 1965-
1971 domestic manufacturing capacity plus imports satisfied the domestic and
export demand. Excesses or deficiencies in supply in any year were reflected
in adjustments to inventory. 1In 1972 and 1973 sizeable inventory reductions
were required to satisfy domestic demand. Toward the end of 1973 the belief
was widespread in the petroleum industry that there would be a severe shortage
of base lubricating oils in future years.

However, in 1974, due to reduced economic activity and curtailments in vehicu-
lar use, domestic demand for lube oils fell by about 4.2 percent while produc-
tion rose by 1.8 percent. Although imports were Tower than in 1973 this
decrease was not sufficient to compensate for a greater decrease in lube oil
exports. As a result inventories rose by about 3.2 million barrels. Thus
while only a year ago lube 0il stocks were at an all time low and lubricants
were in short supply, at present a surplus situation exists due to record
production levels and declining demand.

A recent study by Sun ?i} Company provides projections of lube oil demand and
derived supply to 1985 5 These projections, shown in Table 4, indicate that
in 1975 domestic lubricant demand is expected to fall by 5 percent to 53.7
million barrels. Following a recovery in demand of 0.9 percent in 1976 and
1.3 percent in 1977, annual demand growth is expected to range between 1.2 and
2.0 percent between 1977 and 1980. Between 1980 and 1985 the minimum and
maximum annual increases should be about 1.4 and 1.9 percent.

97<
16



Ll

>86

1965
1966
1967
1968
1969
1970
1971
1972
1973
1974 est

Manufactured
In the U.S.

62,925
65,407
64,870
65,684
65,080
66,183
65,473
65,349
68,742
70,000

Table 3

LUBE OIL SUPPLY AND DEMAND 1965-1974

(Volume in Thousands of Barrels)

Imported

Into U.S.

29
32
40
33
163
224
10
669
2032
1800

Totail
u.s.

Supply

62,954
65,439
64,910
65,717
65,243
66,407
65,483
66,018
70,774
71,800

Exported
From

u.s.

16,592
17,112
18,695
18,001
16,396
16,090
15,825
14,983
12,822
12,100

Adjustment
To

Inventory

- 758
- 622
+2092
- 751
+ 65
+ 624
+ 337
-1778
-1065
+3200

Derived
Domestic
Demand

47,120
48,949
44,123
48,467
48,782
49,693
49,321
52,813
59,037
56,500
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Table 4
PROJECTED TOTAL DEMAND AND DERIVED SUPPLY NECESSARY TO SATISFY DEMAND

(Millions of Barrels)

Needed Total Export Adj. Total
Mfg'ed in Imported u.s. From to u.s.
Year the U.S. Into U.S. Supply u.s. Invt. Demand
1973 68.7 2.0 70.7 12.8 -1.1 59.0
1974 70.0 1.8 71.8 12.1 +3.2 56.5
1975 63.7 2.0 65.7 12.0 0 53.7
1976 64.2 2.0 66.2 12.0 0 54.2
1977 65.0 1.9 66.9 12.0 0 54.9
1978 Lo 67.1 1.8 68.9 12.0 0 56.9
1980 Hi 68.5 1.8 70.3 12.0 0 58.3
1985 Lo 69.1 1.5 70.6 10.0 0 61.6
1985 Hi 71.6 1.5 73.1 10.0 0 63.1




2.5.3 Supply of Lubricating Base Qils

As shown in Figure 4, during the period 1961-1972 lube o1l manufacturing
capacity in the U.S. exhibited a strong upward growth. The 5 percent decrease
in capacity which occurred in 1973, a year in which lube 01l demand rose by
nearly 12 percent, did cause concern in the petroleum industry over the possi-
bility of long term shortages of lubricants. However, the year 1973 was an
anomaly. Since then, finished lube capacity has risen by about 8.5 percent.

Using recent production data from Table 4 and production capacities from
Figure 4 it is possible to calculate the fraction of lube 0il manufacturing
capacity utilized in a given year. 1In both 1973 and 1974 the ratio of produc-
tion to capacity was about 91 percent. If this level of production were to be
maintained throughout 1975 nearly 74.4 million barrels of lubricants would be
produced. Yet demand including net exports is forecast to be only 63.1 million
barrels. Hence an 11.3 million barrel surplus would have to be absorbed.
Although it is certain that production levels will be curtailed in order to
prevent such a large overproduction, this example does serve to illustrate the
oversupply and overcapacity situation which presently exists.

As discussed above, based on operation of 91 percent of current capacity,
domestic lube 0il plants can produce 74.4 million barrels per year. According
to the forecasts in Table 4 even if production capacity were to fall to 70
million barrels, this would still be sufficient to satisfy demand through 1980
without any reduction in inventories. After 1980 the forecast indicates that
new capacity will be required.

2.5.4 Implications for the Re-Refining Industry

The supply/demand forecasts discussed above indicate that, at Teast over the
next five years, re-refiners will face increasing competition for lube 0il
markets. The absence of competition from producers of virgin lubes which
occurred in late 1973 and early 1974 is unlikely to be repeated unless crude
0il supplies are restricted, price controls are reimposed and economic activity
accelerates rapidly. Since these events are unlikely to occur again simul-
taneously, re-refiners will find it increasingly difficult to increase their
share of the high quality commercial/industrial market. Further, increased
availability of virgin lube 0ils will tend to cause a weakening in prices in
all markets, especially the low quality bulk market. Future increases in
crude 011 prices may not result in greater margins on sales of re-refined
products unless increases in the delivered cost of waste oil per unit of pro-
duction are less than increases in the price of lube 0il. In view of the
quernment's policy to achieve energy independence, the petroleum industry
yvl] be_under considerable pressure to load increases in product prices on
1ndustr1a1'fuels and gasoline. Should this take place, re-refiners may be
unable to increase their prices to compensate for increases in the delivered
cost of waste oil. In the absence of restrictions on the use of waste oil as
a fuel, rising feedstock costs combined with continued inflation in the cost
of labor and materials and competition from cheap virgin lubes will present a
difficult challenge to the re-refinin industry.
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