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day, for instance, and this would be most unfortunate.
to keep the charcoal as dryas possible at all times.

43
It is best

PRODUCTS OBTAINED FROM CHARCOALING.
When a cooled kiln is opened, a mass of carbonized wood, some
of it showing the original form of the stick will be found. Carbonized bark adhering to the sticks will be loose and usually crumble~
into "fines" or dust, the other chief
This dust is also
charcoal, of the same composition as the lumps and
for making
and for some industrial uses. 'T\his may compose about 10 j~)
of the total
There will be some
a very small fraction of the total in a
cook. The kindling
and some of the other wood consumed in raising the
of
the
to the coaling point may be redu.ced to ashes. These
components of the
should be
in the recovery
the ash discarded and the fines screened out.

FIG.

18.

Sifting and baggi.ng.
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SCREENING.
After a kiln is opened, the larger lumps are broken up with a
shovel, and the incompletely carbonized sticks, known as "brands"
are thrown into tubs or boxes. These are used to fill new charges
and recoaled. The charcoal is then shovelled on to a screen, or
picked up by a bucket or belt conveyor and carried to the sifter.
This consists of a screening device that may be manually or power
operated. In our practice a tray with a bottom of 1/:/' hardware
cloth was hung on pivots so it could be moved back and forth, and
the screened coal raked out into a funnel to which the bag was
attached. "Fines" consisting of lumps and dust that passed through
the screen were collected in a galvanized iron drawer in the bottom
of the apparatus. Special sized screens were used for grading charcoal for special purposes such as certain government specifications.

BAGGING.
Charcoal may be sold in bulk, that is in large containers, or
dumped in gondola cars at large plants. Usually, it is well to pack-

age it at the kiln in dlist-tight containers before storing or rehandling. Every time charcoal is shovelled, shaken or tumbled, the
lumps are eroded and "fines" or dust is produced, reducing the
size of the lumps and making the product less marketable. The
common practice is to package the charcoal in stout kraft paper
bags, holding
bushel, or sometimes 1/3 bushel. The bags are
closed by staples, or by a wire tie, twisted tight with a special
hooked tool.
If bagging occupies only part of the day, it should be done in
the early morning when the air is still and humidity is high. Less
dust is produced then.
Where a minimum weight bag is required, each bag, after filling and before closing, is placed on a kitchen scale, and the contents adjusted to the' proper weight by adding or removing a few
lumps.

CHARACTERISTICS OF CHARCOAL MADE IN
NEW HAMPSHIRE KILN.
Several samples of both hardwood and softwood charcoal were
analyzed in 1950 by the kindness of Godfrey L. Cabot, Inc., of
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Boston. The analysis showed a remarkably high content of fixed
carbon and low per cent of volatiles.
Moisture
Ash
Volatile
Fixed Carbon

.
..
..
..

2.43 (!t-J
3.42'/0
4.!35 '/0
89.80 %)
100.00~)~

FIG. 19.

Filling and tying the bags.

STORAGE.
Charcoal must be kept dry . Not only the charcoal itself, but the
paper bags absorb moisture. Damp coal indi-eases the risk of spontaneous combustion. It is wise to have a shed close by the kilns
where freshly bagged charcoal can be stored a few days to make
sure there is no darigel~ of fire. Sorne raili6ad arid ICC rules require charcoal to be stored 21 days before shipment by common
carrier, as a safety precaution.
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Bagged charcoal can be stored most conveniently if the bags
are laid flat side down, with the tied ends facing the same way in
each tier. Adjacent tiers have the bags facing opposite ways and
contain the same number of bags. In this way the stack may be
kept level and there is less danger of it tipping over. A stack 10
to 15 tiers high results in considerable pressure on the lower tiers,
and unless care is used to lay each bag on its flat side, bursting or
damage to the bags may result. Another reason for alternating
the direction of the bags in the tiers is that inventory is thus made
easy. To count the bags all that is required is to take the product
of the number of tiers and the number of bags per tier. A space
of 3 or 4 inches should be left between adjacent stacks. Each half
bushel bag occupies a space about 8x10 inches by 2 ft. long.
Bags should be handled carefully and never dropped, laid down
roughly or tossed on a pile. The sharp-cornered charcoal lumps
will be sure to punctll.re the bags if they are roughly handled.
A clean, dry, level floor is the best surface on which to pile
bagged charcoal. Bags should never be laid directly on a cement
floor, no matter how clean, since they may absorb moisture. Lay

FIG. 20.
Half-bushel bag of lwmp charcoal.
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down heavy building paper, tar paper or old carton board first.
Clean bags sell best and the consumer is not liable to select oilstained, dirty or broken bags. Stacks of bagged charcoal should
be covered by paper or canvass to exclude dirt and dust during
long storage.
Since most charcoal is now used for domestic picnic or recreational use, provision must be made for adequate storage during the
winter when demand is low. A large barn or warehouse, with a
floor well off the ground level is essential when eharcoaling operations are carried on during the fall and winter.

WEEKLY SCHEDULE FOR OPERATING FOUR KILNS
men working 4 hours each day 6 days a week)

Except for interruptions caused
bad weather,
ing schedule should be adhered to as far as possible:

the follow-

1. Lift kilns 1 and 2. Set over
on bases and fire. Enter elate,
and time required for
ord sheet.
2.
up charcoal from bases
and 2. Record number of
time.
3. Pile wood on
from which charcoal was
Enter kind of wood, loading time on a
new cook record form showing number of base.
4. Damper kilns.
Tuesday -

1. Bank kilns 1 and 2 if not done previous evening.
Record banked time.
2. Lift kilns 3 and 4 and set over bases on which
wood was stacked Monday. Fire up. Record
time, date, and time required for firing.
3. Same as Monday.
4. Same as Monday.

Wednesday -

1. Bank kilns 3 and 4 if not done previous evening.
Record time.
2. Lift kilns 1 and 2 and set over bases on which
wood was stacked Tuesday. Fire up. Record
time, date and labor time.
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3. Bag charcoal on bases from which 1 and 2 were
removed. Record number of bags and bagging
time.
4. Pile wood on bases from which charcoal was
bagged. Record time taken and kind of wood.
5. Damper kilns or bank if finished.
Thursday -

Friday Saturday -

1. Bank kilns 1 and 2 if not done previous evening.
Record hour and date.
2. Lift kilns 3 and 4, set over wood already stacked
and fire at once. Record date, time, kind of
wood, etc.
3. Same as Tuesday.

Same as Wednesday.
Same as Thursday.

RECORD KEEPING.
Records are an important feature of any charcoal operation.
Even an amateur should be interested in learning how successful
he is. Commercial operators must have a good cost accounting
system if they are to learn the weak points of the business and be
able to remedy them. We have found it useful to keep records of
many factors that influence efficiency and yields such as weather,
nature of wood, time required for cooking, etc. A breakdown of
how labor was spent is essential information by which to seek
means of increasing labor efficiency. For instance, men may spend
too much time watching and tending kilns while they are burning.
Analysis of records of the kind of weather related to kiln yields
helps explain otherwise puzzling differences.
A comparison of yields, labor expenditure, etc., in different
months may show when operations should be curtailed or shut
down, and when they should be stepped up. We have used a
simple form for each cook. This cook record bears a serial number, denoting the number of cooks in that season or calendar year,
with no relation to which kiln was used. The kiln number identifies
the cook while in progress. When several kilns are in use it is necessary to have a record of the date and hour that No.3 or No.7 was
fired and, more especially, banked, so that each can be opened in
rotation after the proper cooling interval. Furthermore, it is helpful to know whether a given kiln contains hardwood or softwood
before opening so that bags marked either "softwood" or "hard-
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wood" may be stamped and be ready for the bagging. Since the
small scale operation outlined here has used part-time labor, record
sheets are also helpful in keeping track of the total labor time.
Cook records are kept on clipboards under the overhanging
roof of a shed near the kilns, protected from wind and rain, but

CHA.ICOAL COOK RECORD

Year 19

Fora 16
!leT.

1954

Banked

Cook No.

re;"

Kiln No.

I

E?'
day

p. 11;
-~h""'our---:"';""

~

)/:30 Jt!. M

2:3CJ

Storing

for
Number of Bags

Held

!

Bu.. Bags Lwnp Coal

It

II

II

\I

II

Fines

Total Yield
JltemarlaJ

_

FIG. 21.
Sample cook record form.

5/ ..
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readily accessible at all times. Pencils on strings or hung on hooks
are near by.
Clip boards are numbered with large painted numbers corresponding to numbers painted on the kilns, or on large tags attached
to them. When a kiln is loaded and fired a cook record sheet is
filled out and placed on top of the sheets on the corresponding
Form 20
CHARCOAL COST RECORD

1951

t~:J;~4tij t~~~~t,
to
inclusive.

No. o£ Cooks:

~

~

Unit Cost

hours

$

Wood

/ft.J.::f.
IE.s-

Paper bags

Production Cost
Labor

Steel K11na

Conn. Kiln

21
------

-------

Total Cost

1.00

/P§-'~

cords

10.00

1-8:...s::_t/.!

0.02

_2.-.s:.J fl_.J_.~

/.fl1(~

each

Wire bag ties

J .:3 tJt/

each

0.00l2

Kerosene

__1-_

gallons

0.16

__ _..!.f

hours

1.00

_?I...~~

- .?:-/-

Trucking
Supplies and Repairs:

1 !1pe e/bt>t(}s &. tS"' 2. tGtJ
======== /=r=~ ¥..ii£f~J=:~!1.t ==~.~~

Depreciation

);vrfJS 6) . ~ S-

2. /

_J_~.".,s-

-/-,,_.!,!,

Overhead

Total Cost
Production of Charcoal
Number of

t

bushel bags of lump charcoal

J£.11

Cost/bag (Total cost/II of bags)
Number of bags of fines

_

r.:;}!l-

to.!. f!.f_

_

Cost of fines (@ $O.lO/bag)

$_

Selling price of lump charcoal (# of bags X

$0.45)

Value Produced

;3...rjq

.!f~I.-·./F
$_~f~_Qs

$~}~._~g---

Balance

FIG. 22.
Sample monthly cost record.
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board. Thereafter all data are entered on this sheet, including the
number of bags yielded, and the time spent in storing the bags. The
cook record should give a complete history of the stack of wood
and the kiln covering it from the time the wood is trucked from the
forest until the bagged charcoal has been trucked to the warehouse
and stored. Completed cook records are flIed in loose leaf books
in the office and furnish a permanent record of basic data for the
operation.
An actual sample of a cook record is illustrated.
or monthly summaries of costs and
tered on another form, a
record for an actual
tion
shown.
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V.

YIELDS fROM NEW HAMPSHIRE KILNS

Results of New Hampshire experience will be presented under
the following:

1. Experience with the Black Rock kilns leading up to the development of the New Hampshire kiln.
2.
3.
kiln.

Results obtained with the New Hampshire kiln.
Comparison of the New Hampshire kiln and the Connecticut

It is well to recall the different factors influencing yield discussed in an earlier section. Wood measurement, especially, should
not be overlooked. The wood composing the charge in all these
records was not measured. The Black Rock kilns were supposed
to hold ~/~ cd., the New Hampshire kilns slightly more, while the
2-cd. Connecticut kiln actually held less than 2 cds. Yields are
computed as if all steel kilns held 1/2 cd. each per cook, and the
Connecticut kiln 2 cds.
While all the other variables were also important in influencing
results, the character of the labor has been possibly of more importance than any other factor. Variation in yields, it was pointed
out, can be caused by varying efficiency of labor. It is certain that
most of the variations in yield here reported are due to this cause.
Only rarely were the same men employed to do the charcoaling in
two different seasons. Frequently a number of inexperienced men
and boys worked during the same season. Some of these were very
inefficient. While one of the advantages claimed for the New
Hampshire kilns is that anyone can operate them, yet the difference
in amount of charcoal produced per cord of wood as well as the
amount of labor expended per unit product, can be vastly different
under experienced, conscientious workmen compared to their opposites.

EXPERIENCE WITH BLACK ROCK KILNS, 1938-1947.
This was a period of irregular operation and a process of gaining experience with this type of kiln. Record-keeping was sporadic
and there were only isolated cases where yields and operating costs
were recorded accurately.
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During part of the World vVar II period one kiln was on loan
to the U. S. Forest Products Laboratory and the other to Calhp
MarienfeId, Chesham, New Hampshire.
The best yields were obtained in 1941 when an average of 43.4
bu. per cord were obtained from 37 kiln runs of hardwood and
57.7 bu. per cord from 25 cooks of softwood, the average of both
being 50.4 bu.
Over one hundred burns were m-ade during this period.
TABLE

4

YIELDS WITH BLACK ROCK KILNS
TOTAL YIEI.D

Yea.r

1938
1939
1940
1941
1947

Cooks

Cords

No. 112 Bu. Yield Per Cord
Bags
Bushels

No record

12

6

8

4

62
6

31
3

510
317
2810
242

42.5

39.6
500'4

40.3

CHARCOAL YIELDS FROM NEW HAMPSHIRE KILN,
1948.1957, INC.

Records from the last 10 years show the yields from New Hampshire kiln to be as large or larger than other reported yields. This
is in spite of the use of very poor quality wood with much rot and
a high percentage of bark. Yields reported here include lump
charcoal only after screening over 112" screen. Fines have been
recorded only in recent years. The average weight has been about
15 lbs. per bu. but no record has been kept of exact weights since
all charcoal has been sold by the one-half bushel bag. Fines have
been weighed when sold so it is known that the large bags weighed
about 30 lbs. and smaller ones 20 lbs. On this basis the yield in
fines has been about 120 lbs. per cord and lump 780 lbs. per cord
or a total of 900 lbs. per cord.
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5

CHARCOAL PRODUCTION 1947-1957, INC.
WITH
NEW HAMPSHIRE KILNS
CHARCOAL PRODUCED

Cords
Used

Year

1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957

................. .........
~

..........................

..........................
..........................
..........................

..........................
..........................
...........................
..........................

...........................
..........................

Total ........................

3
31.5
18
70
75
45
36
44
55.5
44
27
449

Av. No.
Bu. Per
Cord

Total No.
1/2 Bu. Bags
Lump Charcoal

242
2,810
1,694
6,764
9,296
4,546
4,196
4,844
5,534
4,148
3,458

Additional
Fines Lbs.

40.3
45.4
48.4
48.1
46.1
50.5
57.1
54.7
56.6
47.1
48.7

Not
Not
Not
Not

47,532

40,550
53.1

Average Annual yield bu./cd.
Total yield in pounds pel' cord at 15 lbs. per bu. -

recovered
recovered
recover(ld
recovered
12,040
6,420
4,900
4,650
5,700
4,140
2,700

796.5 lump

124

+

124

920.5 Ibs.

SOFTWOOD AND HARDWOOD YIELDS.

The above data include both those cooks made with pine and
other softwoods as well as those made with mixed hard woods.
Since the two groups of woods were never mixed in the same cook
the following table shows the yields from the two classes of wood
separately. A slighty larger average volume yield was obtained
with softwood although most of the wood used was of poor quality
and often wet. Softwood charges were frequently composed of
left-over cull pulpwood with decay, while most hardwood cooks
were made from small round hardwood cut specially to charcoal
grade. The output of fines on a weight basis was also exactly the
same for both woods. Assuming 7 lbs. for each bag of hard wood
and 4 lbs. for softwood lump coal, the yields per cord would be
770 lbs. for hardwood and 501 lbs. for softwood.
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YIELD OF HARDWOOD AND SOFTWOOD COMPARED
HARDWOOD
TOTAL PRODUCTION

No.

Year

Cooks

1948
1949
1950
1951
1952
1953
1954
1955
1956
1957

8
114
149
54
64
74
90
65
42

Total
Average

.
..

No. 1/2
Bu. Bags

Fines
Lbs.

Record not separated by kind of wood
380
5,534
4,930
9,060
2,670
3,220
3,661
5,460
3,788
4,200
4,731
4,545
3,241
3,030
1,977
1,290

660

30,912

Bu. Per

Cd. Lump

47.5
48.5
46.09
50.46
57.2
51.2
52.5
50.0
47.0

30,805
46;8

Weight Per Cook - 327.6 lbs. 57.2 lbs. fines per cook.
Total Weight Produced Per Cord - 770.

SOFTWOOD
TOTAL PRODUCTION

No.

Cooks

Year

1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
Total
Average

19
24
95
35

12
19
8
23

12
.
.

247

No. %
Bu. Bags

Fines
Lbs.

Record not separated by kind of wood
998
1,231
4,366
5,940
1,592
431
800
610
900
309
435
854
1,110
599
470
10,990

Bu,. Per
Cd. Lump

52.5
51.4
45.9
44.6
36.7
32.1
38.5
37.1
49.9

9,655

Weight Per Cook - 193.6 lbs. lump, 57.1 lbs. fines per cook.
Total Weight Produced Per Cord - 501.

48.4
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7

YIELD OF LUMP CHARCOAL BY MONTHS
Average Number of Bushels Per Cord
N. H. Charcoal Kilns, Fox State Forest, Hillsboro, N. H.
Year

1950
1951
1952
1953
1954
1955
1956
1957

...............

................
................
................
...............

April

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

41.3
37.0
40.0

46.7
43.0
38.0
36.5
40.6

51.7
43.5
55.2
56.0
47.2
65.5
54.6
52.3

40.0
36.7
53.2
50.0
56.7
59·4
47.8
47.5

41.5
46.1
52·2
61.5
47.5
60.5
40.0
64.6

53.0
53.5
57.0
67.0
52.1
58.4
39.7

48.8
39.9

59.8
36.0

31.0
41.5
45.0
48.0
53.2

40.0

46.4

44.6
42.3
45.7
48.9
54.6
48.3
50.2
45.6
48.0

52.5

48.0

48.3

53.4

42.3

99

57

:36.8

................

...............
...............

Weighted
Average ..........

47.2

47.7

Basis No.
of Cooks ........

16

54

118

143

170

141

43.7

Annual
Av.

48.1
46.1
50.5
57.1
54.7
56.6
47.1
48.7
48.8

23

821

SEASONAL VARIATIONS IN CHARCOAL YIELD.
Experience with the New Hampshire kiln has shown that it is
poor economy to operate in late fall, winter and early spring. In
early spring, the wood which has been stored outdoors in the forest
is still wet from the winter's snow and the weather is apt to be cold

40

FIG. 23.

Average yield by months. Based on 821 burns both hardwood
and softwoods cooks averaged together.
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and damp in this climate. Similarly late autumn is unfavorable.
Tabulation of the average yields by months demonstrates this condition. Why, however, there should be a dip in August and September (cf. Fig. 23) is hard to explain. We have always considered
August the next best month to July for charcoaling. The consistently high record of October is also unaccountable.

EFFECT OF COOKING TIME ON- YIELD.

It has been generally reported that slow carbonization results
in higher yields. 'Analysis of a number of years record fails to
indicate any advantage in long cooking time with this type of kiln
when yields are based on volume.
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FIG. 24.
Charcoal yield in relation to cooking time. Hardwood burns 1956.
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VI.

COSTS Of OPERATION

Labor. The most important and the most variable factor in the
cost of making charcoal is labor. It is also one that can be changed
by improved efficiency. The cost of wood and supplies varies
almost exactly with the amount of charcoal produced but not so the
man hours of labor. Some men can spend an unnecessary amount
of time tending the kilns, for instance. Whether a profit or loss
results depends wholly on keeping time to a minimum even to the
point of neglecting some of the refinements of kiln operation such
as changing flue pipes.
If men operating the kilns have a real interest in economy of
time, good results can be obtained. One plan that proved successful was paying a bonus for each bag of charcoal produced per week
over a certain minimum.
The lowest monthly cost per bag charcoal produced was
achieved when one man worked alone. High labor input has also
been associated with low charcoal production and vice versa for

reasons not readily apparent.
LABOR REQUIREMENTS WITH BLACK ROCK KILN.
Sample records of labor expenditure with the Black Rock kilns
are given in the following table. All are based on actual payroll
records. These include two years before and two ye~rs following
World War II. The 1939 and 1946 operations were experimental
with inexperienced labor and inadequate record keeping and are
based on a small number of burns with poor yields. The larger
number of cooks in the other years give a better picture of actual
operation. Two men thus spent from 2112 to 6 hours in trucking
wood from the forest to the kiln, loading, firing, tending, banking,
opening, bagging charcoal and trucking charcoal to the warehouse
and stacking it on an upstairs floor.
Similar records of operating these kilns are given by Tryon ('33)
and Witherow and Smith ('57). Neither include all the operations
listed above. Tryon qualified his report by stating "two men should
pull, load and fire 6 ovens every fair day." (Italics ours.) The
latter report states that 26.12 man hours per ton were consumed.
The data are based on only 4 burns. It is not explained whether
the unloading costs included bagging (the most time-consuming
item in our experience), nor are the number of bushels per ton
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stated that would enable one to make an accurate conversion. It
is explained that these costs are somewhat theoretical. No b~sic
data are given and such estimated costs are always questionable.
Assuming, however, that the low carbon charcoal produced
(79 % fixed carbon) weighed 20 lbs. per bu., then the yield would
be 533.25 lbs. -7- 20 or 26.66 bu.
53 one-half bu. bags, a very
good yield for the Black Rock kiln. Twenty-six man hours would
make the labor cost about 1 man ho.ur per bu. or double the average
record at Fox Forest, or as explained nearer 3 to 4 times as high for
the more efficient runs. This confirms the impression that these
figures on kiln op'eration represent experimental cooks and not
practical production.
TABLE 8
LABOR REQUIREMENTS FOR BLACK ROCK KILN
Fox State Forest, Hillsboro, N. H.
No.
Cooks

Year

1939
1941
1946
1949

Total

................
................
................

12
62

................

36

255
1,405
121
847

116

2,628

Totals and Av.

6

LABOR -

Total Yield
Bushels

HOURS

Per Cook

Per Bu. Charcoal

265
780
243.5
192.4

22.1
12.6
40.6
5.3

1.04
0.56
2.00
0.23

1,480.9

12.7

0.56

LABOR REQUIREMENTS WITH THE
NEW HAMPSHIRE KILN.
The same records as those given above for the Black Rock kiln
are presented below for the New Hampshire kiln. These are payroll records and include all work done in connection with charcoaling as enumerated previously.
TABLE 9
IN OPERATING N. H. KILNS

LABOR~EQUIREMENTS

No.
Cooks

Year

1950
1951
1952
1953
1954
1955
1956
1957

................
................
................

........ . ....
"

~

................

................
.................

.................

Totals and
Averages ..........

138
150
90
72
88
112
88
54

I.ABOR -

Total

Yield Bu.

Total

6,705
9,296
4,546
4,196
4,844
5,534
4,148
2,576

753
1,968
1,166
971
1,098.5
1,282
783.5
598

MAN HOURS
Per Cook Per Bu. Charcoal

5.46
13.12
12.95
13.50
12.48
11.44
8.90
11.07

.112
.211
.261
.231
.226
.231
.188
.232
---------

792

41,845

8,620

10.88

.206
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One factor in both the above table and the similar one reporting
the labor expenditure for the Black Rock kilns needs emphasis:
These figures include all months each year when kilns were operated. During early spring and late fall excessive time was expended on wet wood and slow burns and low yields were obtained.
Just as with yield data, were the most favorable months only to be
taken the results would show a much lower unit labor requirement.
It should also be pointed out that lump charcoal only is considered in computing the man-hours per bushel. Actually some of
this labor was expended in screening, bagging and warehousing
charcoal fines.
The entire labor cost during the year included many incidental
types of work, such as repairs, and helping load charcoal for purchasers when it was sold F. O. B.
From these figures it is apparent that while the man hours required per burn was only slightly less with the new style kiln, the
labor per bushel of charcoal produced was less than half as much
as with the Black Rock kiln.
LABOR DISTRIBUTION WITH BLACK ROCK KILN.
A better picture of the time required to make charcoal is fur-

nished by a breakdown of the various stages in the operation. In
this way comparison can be made with other methods and other
apparatus. Some phases such as trucking wood to the kilns and
screening and bagging the charcoal produced should be the same
with all types of kilns but they are listed here since they are part
of the regular cycle of work. It should be noted that there is no
"unloading the kiln" with either the Black Rock or the New
Hampshire kiln as a separate operation. It is included under screening and bagging.
These data have been compiled from the separate cook records.
They were usually kept by the workmen and the totals may not
always agree with the ~otal man hours of the payroll records.
During the first few years no records were kept of the breakdown of time by different operations. In 1939, 265 man hours were
required for 12 cooks or 22 man hours per cook. In 1941, the charcoaler was paid by the week with no record of hourly time. Figures
computed at the time showed the following costs per bushel:
Loading and Burning
Bagging (and Supplies)
Wood
Delivery
Miscellaneous

--_._----

$0.147
0.131
0.072
0.008
0.017
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During 1946, 6 cooks required 243.5 hrs. by a trainee or 40 hI's.
per cook, an all time record!
The 1949 operation required 192 hI's. for 36 cooks, yielding
847 bu. The labor input reported by Bald win & Mace' 49 was as
follows:
Man Hours Per Cook

Trucking Wood to Kilns
Loading
Firing and Tending
Sifting and Bagging,
Trucking and Storing

.51
1.82
.62

Total

5.35

2.40

LABOR DISTRIBUTION WITH THE
NEW HAMPSHIRE KILNS.
The usual practice with the pilot operation of the New Hampshire kilns was as follows: Two men worked one-half day each day
the kilns were operated. Each man worked about 4 1/2 hI's. per day
on charcoaling and was employed on other work the balance of the
day. The average distribution of daily time for a typical season
was as follows:
Man Hours

Trucking Wood to Kilns
Loading Bases with Wood
Firing and Tending Kilns
Bagging and Warehousing
Repairs and Miscellaneous

;................

1.1
1.23

,..........................

1.06
5.00
0.8
9.19

Total

Detailed records are shown in the following table:
TABLE
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DISTRIBUTION OF LABOR IN OPERATING NEW HAMPSHIRE KILNS
Average Number of Man Hours Per Cook
Year

1951
1952
1953
1954
1955
1956
1957
Total ............
Weighted
Average ......

No. of
Cooks

138
150
90
72
88
112

88

54
792

Trucking
Wood to
Kiln

Loading
Kiln

Firing
and
Tending

Screening
and
Bagging

1.9
1.6
1.5
1.5
1.3
1.1
1.0
1.1

2.1
1.8
1.6
1.4
1.1
1.0
.75
1.2

1.1
1.7
1.5
1.1
1.1
1.1
.5
2.2

3.5
2·7
3.5
4.1
3.7
3.7
3.4
5.0

1.29

1.19

1.22

3.76

Repairs
and

Misc.

Total

.8

8.5
8.8
8.1
8.1
7.2
6.9
6.6
9.2

.15

7.61

1.0

62

NEW HAMPSHIRE CHARCOAL KILN

FIG. 25.
New Hampshire kilns at Bear Brook State Park, Allenstown, N. H.
Kilns are lifted by overhead travelling beam.

11

TABLE

MONTHLY VARIATIONS IN DISTRIBUTION OF LABOR IN OPERATING
NEW HAMPSHIRE KILN

1950
No.
Cooks

Month

April
May ..............
June .............
July ..............
August .........
Sept. .............
Oct. ..............
Nov. ..............
Dec. ..............
Weighted
Average .......

3
4
12
22
24
22
22
16
13

No
Bags

124
187
535
1,137
871
913
1,165
782
776

MAN HOURS PER COOK

Trucking

Loa,ding

Tending

Bagging

Total

1
1
1
1
2
1.7
1.2
2.8
2.5

2
1.8
1
2.2
1.9
2.4
2.7
2
2.7

1
1.3
1
1
1
.5
1.7
4
4

2.6
3.0
2.6
3.4
4.2
2.0
2.2
4
4.6

6.6
7.0
5.8
7.0
9.2
6.7
7.7
12.7
13.8

1.7

2.2

1.7

3.1

8.6

Wood. This is a major item in the cost of production as shown
in the following table:
TABLE
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PER CENT OF TOTAL PRODUCTION COST -

N. H. KILNS

Labor

1950
1951
1952
1953
1954

52
61
56
56
52

Wood

34
31
32
33.5
34
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TABLE 13
COST PER BUSHEL OF CHARCOAL PRODUCED.
SOFTWOOD
1950

1951

1952

N. H. KILNS
1953

1954

Labor @$1/hr. ................
Wood @$10/cd. ..............
Bags, ties, etc. ..................
Supplies and
Miscellaneous ...............
Depreciation & Overhead

$0.282
.175
.042

$0.452
.218
.042

$0.375
.223
.042

$0.452
.277
.042

$0.512
.408
.042

.02
.02

.01
.02

.01
.02

.01
.02

.01
.02

Totals ................................

$0.539

$0.742

$0.670

$0.801

$0.992

HARDWOOD
1950

1951

1953

1954

Labor @$1/hr. ................
Wood @10/cd. .................
Bags, ties, etc. ..................
Supplies and
Miscellaneous ......... .....
Depreciation & Overhead

$0.292
.187
.042

$0.434
.217
.042

$0.340
.196
.042

$0.295
.183
.042

$0.306
.200
.042

.02
.02

.01
.02

.01
.02

.01
.02

.01
.02

Totals ................................

$0.561

$0.723

$0.608

$0.550

$0.578

139

150

,

Basis
No of Cooks ......................

1952

90

76

86
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VII.

COMPARISON OF YIELD WITH OTHER KILNS

As observed earlier, it is practically impossible to compare the
results of different charcoal operations because factors that affect
costs and yield are so variable and hard to standardize. Differences
in the dimensions of the wood and methods of measuring both the
loose (stacked) volume and solid wood contents are impossible to
reconcile. Moisture content of the wood has a pronounced effect on
yield. Weather conditions and experience of operators are also influential. Finally the manner in which the charcoal obtained is
measured and its quality produce obstacles to direct compaY·ison.
Nevertheless the question naturally arises, how does the New
Hampshire kiln compare in operating costs and yields with other
common types available to the woodlot owner? Several writers
have compared the Black Rock kiln with other types and assumed
that the New Hampshire kiln would have the same characteristics.
Lacking adequpte cost and yield data for either type, their conclusions have often been unwarranted.

COMPARISON OF BLACK ROCK AND
CONNECTICUT KILNS.
Witherow ('56) issued a comparison of costs of operating the
Black Rock kiln and the Connecticut kiln. His figures are apparently hypothetical and not based on actual practice since all statements are "estimated." The Black Rock kiln production seems to
have been based on Tryon's published account, and the resultant
costs per ton of charcoal produced are shown to be higher than for
the Connecticut kiln. The data for the latter are also not based
on comparative trials under the same conditions and using the same
kind of wood and the same labor. His estimated costs are as
follows:
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TABLE 14
ESTIMATED WEEKLY COST OF CHARCOAL PRODUCTION
(WITHEROW'56)

Black Rock
Kiln
(9 units)
(2 men)

2 Cord
Conn. Kiln
(7 units)
(2 men)

7 Cord
Conn. Kiln
(2nnits)
(3 men)

Wood (cords) ........................
Cost @$10/cd. ......................
Labor, Total Hrs. @$1 ........
5 (Yo Capital Cost ..................
Depreciation 5 (j( ..................
10% Margin for Profit and
Risk ....................................

$135
$ 96
9 x $400
$38.16

14
$140
$ 96
2 x $500
$37.10

14
$140
$144
2 x $1000
$21.22

$26.92

$27.31

$30.52

Total Cost ..............................

$296.08

$300.41

$335.74

Number of Cooks ..................

27

7

2

Yield Lbs. ..............................

27 x 327

7 x 920

2 x 6,300

Tons ..... " ................................
Cost Per Ton ........................

4.42
$66.08

5.60
$53.64

6.30
53.29

These estimates are certainly open to question. For instance, it
is doubtful if 2 men could handle 7 units of the 2 cord Conn. kiln
per week, certainly not the unloading and bagging.
No account has been taken of the requirements for supplies such
as fuel oil, kerosene, lime and mortar, sand and repairs that would
be quite a considerable item in such an operation. It is also doubtful if a 48 hr. week for labor at $1 an hour was realistic in 1956.
In our experience 2 men can operate 4 or 5 Black Rock kilns in 6
one·.half days so it would doubtless be possible to operate 9 in 6
full days but the working time per week if 27 cooks were made
would be excessive according to present day law and practice.
Wyman C55) frankly states at the outset in a footnote that his
information is based on
and Hicock and Olson's bulletins
plus the experience of some
in the Southeast. No new
data are presented, however. He estimates the following costs for operating the Black Rock kiln:
COST PER COOK .--. BLACK ROCK KILN
Inan hours at $1
cord at $10
"

,

.
.

5°lv
Depreciation 400 cooks $400

.
.

:

~25

1.00

$10.75
2.50
..~o
.
1. 76

Bag-going 2 % man hours
lepreciation on Equipment
at 2¢

..
.

'-.:"""£>.o"i.,,,,-.· and

Total

2.00

..

Cl ....

$4.51
$15.26
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Wyman surmises that the operating costs per unit of charcoal
produced should be a little lower with the 2 cord Connecticut kiln
but prod uces no figures on this.
Compared to the New Hampshire kiln it is evident that these
writers are l~boring under several handicaps, one, the first cost of
the New Hampshire kiln is much less (at least one-half and perhaps
one-third) that of Black Rock kilns built today, and secondly, that
all writers are basing yield on Tryon'.s statement that one would do
well to produce 32 bu. per cord as a general average. Double that
yield is often obtained with the N e"o/ Hampshire kiln.
COMPARISON OF YIELDS AND COST OF OPERATING
NEW HAMPSHIRE KILN AND CONNECTICUT KILN.
Several cases of published comparisons of operating costs of
Black Rock kilns and Connecticut kilns (cind er block) have been
reviewed. It has been pointed out that not only are actual records
of a number of regular monthly or annual operations lacking in
these reports, but that different kinds of wood and different crews
have been used in these tests so that they are not directly com-

parable.
Since 1950, we have had limited experience operating a 2 cord
Connecticut kiln along with the New Hampshire kilns. The same
men operated both kinds, kept records on the same forms and followed the same procedure. The burns of the Connecticut kiln have
not been numerous enough to establish as reliable a basis for costs
and yields as in the case of the New Hampshire kilns, but our ex-perience with the Connecticut kiln may be of interest because the
data can be compared fairly with those covering the New Hampshire kiln.
Capital Expense. The cinder block kiln was built by a mason in
1950 at the same time that 2 New Ham pshire kilns were purchased.
Total Cost

Two Cord Cinder Block Kiln
Two New Hampshire Kilns, pipes, etc

.
..

(1950)

Cost Per Cd.
Capacity

$300.21
322.10

$150.00
322.00

Based on our experience with Black Rock kilns it
seems reasonable to expect the New Hampshire kilns to last 500
burns if given reasonable care, while the cinder block kilns are reported to have a life expectancy of 100 burns.
Depreciation (each kiln)
Per Cord Capadty
Per Cook
Per Cook

One Cinder Block Kiln, 1/100 x 300
Two N. H. Kilns, 1/500 x 322 at .325 each

.
..

$3.00
.65

$1.50
1.30
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Labor. Our records of labor input in operating the Connecticut
kiln are quite similar to the results reported by others for thisapparatus. Taking the single year 1951, a comparison is presented
where about the same quantity of wood was processed by each type
of kiln. The figures show a higher unit labor cost with the New
Hampshire kiln as has been pointed out by Skok and Beazley r 56) .
However, when the average of 6 years operation is computed the
unit labor input is found to be actually slightly less for the New
Hampshire kiln than for the Connecticut kiln. This is, of course,
due to the higher yields of charcoal per cord of wood processed that
have been obtained with the New Hampshire kiln.
A breakdown of the man hours by different operations showed,
as was expected, a higher requirement for firing and tending the
Connecticut kiln. It is fairly obvious that the Connecticut kiln is
more dependent upon skill, experience and devotion of the operator,
and with favorable conditions in this respect it can be expected to
make a superior showing.
While labor is the most important item, it is not the only variable as it practically is in the New Hampshire kiln. Supplies and
repairs can easily assume major importance for the Connecticut
kiln.
Supplies and Repairs. More supplies are commonly required
for the cinder block kilns, at least where the door must be laid up
in lime mortar at each charge. The second year of operation of
the cinder block kiln was one in which the heaviest expense was
incurred for repairs. Respirators and filters 'were required in unloading the Connecticut kiln, but not in the New Hampshire kilns.
More kerosene or fuel oil is often used per cord processed. Most
of the supplies and repairs mean added labor costs also.
Records are not complete or extensive enough to be presented in
a table. From the six years experience supplies for the Connecticut
kiln, chiefly lime, cement and fire clay ran about $1 per burn, repairs averaged $3 per burn and wood used in the stove for starting
the kiln about 25 cents per burn.

TABLE

O':l

15

O:l

COMEARISON OF YIELDS AND LABOR
CONNECTICUT KILN AND NEW HAMPSHIRE KILN
FOX STATE FOREST
1951

-=========--=.:.:..:-.. _.

_._----------~

No.
Cooks

Total Yield
No. V2 Bu.
Bags

No.
Cords Used

Av. Yield Per
Cook
Bu.·cd.

Total Man
Hrs. Labor

..

::--====----::-..=.:.===.=--==----======-:-======::::.-==--====-~..:--:-

Av. Man Hrs.
Per Cook

Av. Man Hrs.
Per {}ord
Cap.

..

::===--:=---=:::.=--==.

Av. Man Hrs.
Per Bu.
Produced

2:

t:r1

~

~

;.:.

Connecticut Kiln

Hardwood ..............
Softwood

..............

~

12

2128

24

37.4

240.5

20.0

10.0

.268

4

315

8

40.4

80.0

20.0

10.0

.246

'1:l

Ul

~
H

~

t:r1

16

2443

32

38.2

320.5

Hardwood ..............

42

1765

21

42.2

Softwood

40

1874

20

46.8

Totals and Average ......

20.0

10.0

.262

332

8.1

16.2

.387

364

9.8

19·6

.388

New Hampshire Kiln

..............

n
~
;.:.
~
n
0

;.:.
t"

~

P-1

t"

2:
Totals and Average ......

82

3639

41

44

696

8.5

17.0

.387
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Skok and Beazley ('56) analyzed the 1952 cost data for the
New Hampshire kiln (Baldwin '52) and developed charts La show
the margin of returns per cook for this type of kiln and the 2 cord
Connecticut kiln. Cord data for the latter were based on Bull. 431
by Hicock, Olson and Callward ('51). These are shown in Fig. 29
and Fig. 30.
The conclusion of Skok and Beazley on the basis of these charts
was that "there exists a wider area of positive margin of returns
with the Connecticut charcoal kiln than the steel drum type. The
cost of labor per cord of wood burned in the steel drum kiln is twice
that for a cord burned in the Connecticut kiln indieating greater
efficiency in labor use for the latter."
The present report (Table 16) shows that the labor expenditure
per cord burned is 50 % greater with the New Hampshire kiln (instead of 100 ~Ir) but that the labor expenditure per bushel of charcoal produced is less with the New Ham pshire kiln than with the
Connecticut kiln.
TABLE

16

OPERATING LABOR FOR CONNECTICUT AND NEW HAMPSHIRE KILN
COMPARED (Hardwood only)
FOX STATE FOREST 1950-55

Average Man Hours Per Cook
Average Man HourR Per Cord Capacity
Average Man Hours Per Bushel Produced

..
.
.

Connecticut
Kiln

New Hampshire
Kiln

21.0

7.6
15.2
0.21

10.5
0.29

FIG. 26.
Conveyor .for transporting charcoal- 10 bagging shed.
Bear Brook State Park.
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20
Cost of wood per cord fit kiln (doLla raj
FIG.

27.

Margin of returns per cook for 2-cord Connecticut kiln.
(After Skok & Beazley '56.)

Production with the Connecticut Cinder Block Kiln. The following unpublished data have been reported by an owner-operator* of
3-cord Connecticut kilns. He does his own work on Saturdays vl'ith
one or two helpers part of the time and thus represents the most
efficient use of labor. All tending during the burning period is done
by the owner.
Labor Input (Man Hours):

Loading (3 cords)
Placing door and firing
Tending during coaling
Unloading and bagging in % -bushel bags
Total (Per Cook)

4
1
.

2

11
18

The
yield is 360 l/:?-bushel bags so that the labor expended is .140 man hours per bushel produced or about the same
as in the more efficient cases of steel drum operation recorded
above.
* :Mr. Myron Hadfield, Moosup, Connecticut.
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The examples given by this operator are as follows:
3-Man Operation (360 liz -bu. bags)
Time Required

Loading kiln
Unloading and Bagging

/........................

3 hrs.
4 h1'8.

Total

..

7 hrs. x 3

21

2-Man Operation (90-100 large flour bags)

Loading
Unloading and Bagging

Owner 11 hI's.
Helper 7 hI's.

Total

..

4 hI's.
3 hI's.

7 hrs. x 2

14

2-Man Operation (360 liz bu. bags)

~~~~~n~

4 hI's.

::::::: :::::::::: :::::::::::::::::::::::::::::: ::::::::::: :::::::::::: ::::::::::

Tending
Unloading and Bagging

Owner 11 h1's.
Helper 14 h1's.

Total..............................................................................

e

1 hr.

2 hrs.
6 hI's.
13 hI's. x 2

26

Poe1 ti ve Return
per burn

21 0
~

a

eo
B

*

4 Price per pound for
----

1-1

Negeti va return
per burn

\-l

o

~

......

ttl

1-1
~

charcoal at kiln
3

CD

20-

1

\

I'

t
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TABLE 17
LABOR DISTRIBUTION IN OPERATING CONNECTICUT KILN
A VERAGE NUMBER OF MAN HOURS PER COOK
Yea;r

No. Cooks

Trucking

Loading

1950
1951
1952
1953
1954
1955

2
17
3
5
5
4

5
3
2
4.2
2.4
2.5

6.5
3.5
3
3.4
3.6
2.1

3.8
2
5.6
6.4
4.7

8
8.7
8
8.4
9
10.1

36
Average

3.1

3.4

4.3

8.7

Tending

4

Bagging

Repairs

Total

2.1
2
1.6

23.5
21.1
17
23.2
21.4
19.4

1.5

21.0

Yields. The yields of hardwood charcoal averaged 28 (; higher
with New Hampshire kilns and nearly 40 ~/j/ higher with softwood.
In computing the yields of the Connecticut kiln all cooks where
less than 100 bags were obtained were eliminated and not counted
in drawing the average. Such burns were counted as failures. On
the other hand all cooks of the New Hampshire kilns were included
in the average, some yielding only 25 bags per cook. The basis for
the average was much higher for the New Hampshire kiln than for
the Connecticut kiln.
It seems fair to conclude that there is not too much difference in
the efficiency of the two units under skillful manipulation. Each
has advantages and disadvantages. The cinder block kiln is better
insulated and should give better results in winter operation. The
New Hampshire kiln has proven relatively "foolproof" when used
by careless and/or inexperienced men and boys.
TABLE 18
YIELDS OF CONNECTICUT AND NEW HAMPSHIRE KILNS
COMPARED
FOX STATE FOREST, HILLSBORO, N. H.
= = = --------- ------------------=.-----=--= = =
BUSHELS PER CORD
Number of Burns
Year

1950

1951
1952
1953
1954
1955

COllnecticut Kiln (36)
Hardwood
Softwood

32.5
37.5
37.5
·33.3
33.3
37.0
36.6

Number of Burns
New Hampshire Kiln (738)
Hardwood
Softwood

27.5
25.5
34.5

48.1
46.1
50.5
57.0
54.7
53.5

51.4
45.9
44.6
36.7
32.1
38.5

31.8

46.4

44.2

48.5
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VIII. PROfiT REALIZED fROM
CHARCOAL OPERATION

The six years operation shown in the following table was chosen
solely because records were most complete and uniform for these
years. These contain some years that resulted in a slight loss, and
others when a widely varying profit was realized. The column
headed "total cost" includes all labor, supplies, repairs, depreciation and wood at $10 per cord. "Overhead" and office expenses
are not included, neither are selling expenses. While the total
value produced for lump charcoal is based on 40 cents per bag
actually a large part was sold for 45 cents per bag. This may compensate for the omission of overhead costs. The volume of sales
each year had no relation to production, since charcoal produced in
the fall of one year was sold in the spring of the next. Usually
there was a complete turnover of stock each year. Similarly the
wood used was cut one or two years previously.
It has been our experience that a surprisingly high stumpage or
profit per cord can be realized with efficient operatiop and good
markets. The figures show, however, that charcoaling with the

FIG. 29.
New Hampshire kilns at Bear Brook State Park.
Note long flue pipes for starting the burn.
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CHARCOAL PRODUCTION AND COSTS 1951-1956 INCL.

z

FOUR NEW HAMPSHIRE KILNS

t:'j

~

FOX STATE FOREST, HILLSBORO, N. H.
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1951 ................... 150
75 2,324 12,040 $1,859.20 $120.40
$1,979.60
1952 ...................
7,140
45 2,273
90
1,818.40
71.40
1,889.80
1953 ...................
72
36 2,098
6,900
1,678.40
69.00
1,747.40
1954 ...................
5,880
88
44 2,422
1,937.60
58.80
1,996.40
5,700
1955 ................... 112
2,213.60
26.61
2,240.21
56 2,767
4,140
1956 ...................
44 2,074
88
1,659.20
41.40
1,700.60
Total 6-yr........... 600 300 13,958 41,800 $11,166.40 $387.61 $11,554.01
6,967 $2,170.93 $64.60 $ 1,925. 70
Average ............. 100
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New Ham,pshire kilns does not promise to be a highly profitable
venture, even for the 3-4 months annual operation, but it does
demonstrate that it can do well as a part-time auxiliary job in connection with a small woodlot operation. As such it has many advantages. Charcoaling can best be done in the summer and wood
cutting in the fall, winter and spring. The New Hampshire kilns
are especially adapted to making small batches of charcoal for
local markets.
TABLE

20

SUMMARY OF CHARCOAL OPERATIONS
CONNECTICUT FOREST AND PARK COMMISSION
TWO BRICK BEEHIVE KILNS
1938-41

Number of burns
"
Wood Consumed, Cords
AveragB Yield Per Burn Bu. of Charcoal
Average Yield Bu. 1;er Cord
Total Production Bu
Expense:
Operation
Supervision

.
..
..
..
.

36
1589
2021
45.8
72,755

$19,331.15
,

453.20

,

Total
Receipts
Net Profit
Net Profit Per Cord

.
;

, ..
..
.

$19,784.35
$22,337.66
$ 2,553.31
$

1.60

TABLE 21
SALES OF LUMP CHARCOAL
FOX STATE FOREST, HILLSBORO, N. H.

No. of
Vz-Bu. Ba.gs

Fiscal Year

1947-48
1948-49
1949-50
1950-51
1951-52
1952-53
1953-54
1954-55
1955-56
1956-57
Totals
Additional Fines
Total Income

254
1,009
2,308
5,821
8,109
4,757
5,831
4,111
6,389
5,761

Total Amount
Received

$66.90
360.85
825.86
1,568.32
2,729.09
1,627.10
1,929.29
1,828.65
2,387.98
2,224.34

..
..

44,350
$15,548.38
16,054 lbs. at $.01 160.54

..

$15,708.92

Average Price
Per Bag

.26
.36
.36
.26
.34
.34
.33
.45
.37
.39
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ADVANTAGES AND DISADVANTAGES Of THE
NEW HAMPSHIRE CHARCOAL KILN

ADVANTAGES.
1. A high carbon charcoal of great purity is obtained, light in
weight per unit volume. The kilns are well suited to producing
small batches of specialty charcoal.

2. The kilns are relatively cheap considering their long life
and low maintenance.
3.

Depreciation is low.

4.

They require little or no attention while burning.

5. They are safe.
"out-af-control. "

There is no danger of explosion or burning

6.

They are extremely portable.

7.

One man can carryon the operation.

8. They are clean and convenient to load and unload. Both
operations are carried on in the open while the kiln is being burned
on another site.
9. Operating cost is low. No supplies are required. Even the
pint of fuel oil per cook can be dispensed with. Labor input per
bushel of charcoal produced compares favorably with other
methods.
10. Yields are high, usually higher than other well-documented records, and double that of some.
11. The carbonizing cycle is short, cooling is rapid, and the
same weekly output can be obtained as with a unit of 3 times the
capacity.

DISADVANTAGES.

1. The small capacity makes such kilns of limited use for large
commercial production.
?
They cannot be constructed by an amateur, but must be
made in a sheet metal works.

NEW HAMPSHIRE CHARCOAL KILN
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3.

The first cost, based on cord capacity, is high.

4.

They are less well adapted to burning large sizes of wood.

5. It is difficult to arrange the operation so that it will be under
cover of a roof to permit bagging work to go on during rain or
snow. Kilns will burn in a storm but loading and unloading must
be done in fair weather.
6.

The kilns are not insulated and hence lose heat by radiation.

7. A derrick, chainfall or lift truck is needed to raise and lower
the kilns.

FIG. 30.
11 New Ha1npshire charcoal kiln in Nova Scotia.
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SUMMARY

Experience, extending over 20 years, with operating small steel
drum charcoal kilns has led to the conclusion that they provide a
practical and inexpensive means of producing charcoal on a small
scale. They can have many advantages for small woodlot operations. They are less \vell adapted to large scale commercial production where large capacity is required.
A description is given of the N e\v Hampshire kiln, a unit developed in 1950 at the Fox State Forest in Hillsboro, N. H. The
chief innovation is the elimination of idle kfln time or "down kiln
time," i.e. when it is not actually carbonizing wood or being c601ed.
The design has been simplified and it is cheaper to construct than
other similar kilns heretofore developed. Dra\vings and specifications are included.
The operation of the kiln has been described in detail. It is
recognized that variations from this procedure may be made with
good success. The costs of operation are based on actual payroll
records and no theoretical costs or yields are given. All are actual
experience data, some under favorable conditions and others unfavorable. Different inexperienced men operated the kilns nearly
every year. The same crews operated a Connecticut cinder block
kiln at the same time, and the more limited experience with this
unit is included for comparison.
The objective of this pilot plant operation has remained the
same from the start: to promote good care of forests by making possible profitable utilization of the kind of wood that must be cut to
improve the forest. Utilization of wood resid ues from sawmills or
other \vood-\vorking industries by converting into charcoal is an
excellent way of creating a by-product of these industries, but
it does not benefit forestry. It has been proven by experience that
utilization of thinings and by-products of timber cut in forestry
operations by charcoaling in small kilns such as these does benefit
forestry.

It is in hope that others may be interested in this approach to
good forestry that this bulletin has been prepared.
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I.

CHARCOAL PRODUCTION AND U5ES*

INTRODUCTION.
Charcoal making is an art as well as a science and the art is
localized and has to be learned bY doing. Its details vary with the
type of apparatus used, the peculiar climatic conditions of the
locality, the nature of the wood used and many other factors.
Above all any art depends on the human factor and charcoaling is
no exception.
Charcoal making has passed through several periods in this
counb7, beginning with the pioneer iron industry, the rise and decline of wood distillation, when charcoal was a by-product worth
4 to 6 cents a bushel; the special requirements of the two wars and
finally the emergence of a great luxury market in outdoor cooking.
Half a ceJ1tury ago great quantities of charcoal were consumed for
cooking and heating in city slums. Charcoal is still the chief fuel
for cooking in many countries, especially in the Middle and Far
East and tropics.
The process of converting wood or other carbohydrates into
more or less pure carbon is as old as fire itself, and the process has
been in use since the earliest times. Primitive methods, still used
in many countries, employ no special equipment at all, but accomplish carbonization by burning wood under a cover of branches,
sad and earth in order to restrict the oxygen supplied to the fire and
produce a slow charring. All charcoal making is based on the
same principle: slow combustion with control of oxygen supply.
Greater efficiency than "burning under dirt" has been achieved
with brick ovens, some of truly enormous size, cinder block houses,
metal drums and retorts (often heated by separate sources of heat)
and complicated distillation plants costing millions of dollars. This
report deals mainly with observations on the operation of small
steel drum kilns of a semi-portable nature, suitable for use lJy small
wood lot owners.

CARBONIZATION OF WOOD.
When wood is heated to the boiling point moisture in the wood
is driven off in the form of steam but little other change occurs.
If the heating takes place in the absence of air or with much restricted air supply, a so-called dry distillation takes place with
*

The author is indebted to Mr. Henry W. Hicock fur many helpful suggestions.
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decomposition of the wood as the temperature increases. Wood
is a complex hydrocarbon but roughly it is composed of 50?;
hydrogen. When the temperature rises above the boiling point of
water, the wood turns brown and various gases in addition to water
vapor are given off. These volatile products disappear at high
temperatures, leaving black charcoal. The higher the fiinal temperature the higher is the per cent of carbon in the residue.
Ekman ('22) cites the following:
392
482
862

0
0
0

F
F
F.

50 (ir) carbon
70 (;j, carbon
85 (Ir carbon

Open pit charcoal, coaled at a high temperature, has 85-94
fixed carbon and is lighter in weight, while retort charcoal with
79-84 % carbon is characterized by a heavier yield in weight.
During the rise in temperature a point above 518 0 F. is reached
where an exothermic reaction sets in. .In other words, assuming
the wood to be dry, once carbonization sets in, it continues without
further addition of heat. A heat transfer takes place from one carbonizing piece to the next. The exothermic heat is about 6 " of the
total fuel value of the wood. (Ekman loco cit.)

PRODUCTS OF DRY DISTILLATION OF WOOD.
The products resulting from the distillation in retorts of one
cord of air dry hard wood are as follows according to Haertel ('38) :
Percent by Weight
Charcoal
Acetic Acid
Methanol
Tar
Gas

Water (95 gal.)

.
..
.
..
.

..

1,000Ib8.
1141bs.
501b8.
400 Ib8.
1,6301b8.
8001b8.

20

4,000 Ih8.

100

25
2.5
1.5

10
41

Charcoal therefore is reduced to about 25/ ( of the final product.
Open pit charcoal has 28-30 % of the oven dry weight of the
original wood and retort charcoal 33-35~;. These figures reflect
the difference in moisture content of the original wood and the percentage of fixed carbon. Charcoal makes up about one-half of
the original wood by volume and 18 to 20 r; by weight according
to Boulger ('08). Other sources give 50 ~:. of the wood by volume
for hardwood and 60 % for softwood.
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COMPOSITION OF CHARCOAL.

Charcoal is essentially pure carbon but invariably has more or
less volatile or gaseous products that have condensed on it during
cooling. Schlich (Fisher '08) gives the following composition
(presumably for forest-burned charcoal) :
Carbon
Hydrogen
Oxygen
Hygroscopic. Water
Ash
:

.
.
..
.
..

75-80 i ,

1.5-2.5' (
8-12 '/f
6-12 r f

1-2.5' ~

-----_.--_ _- -..

The same data are given by Gayer ('21).
Actually the composition of charcoal can vary considerably both
in fixed carbon content as mentioned above and in other constituents.
PROPERTIES OF CHARCOAL.

Good charcoal is bluish black with an oily lustre; it rarely splits,
but breaks with a conchoidal fracture like glass. It has a metallic
ring when struck. The structure of the wood is clearly shown. It
has no taste or odor.
Charcoal has immense durability and was once used to mark
boundary corners by burying it in the ground. It .cannot decay.
Recent radio-carbon dating techniques have shown some prehistoric charcoals to be tens of thousands of years old. The ends of
fence posts are sometimes charred before being set in the ground
in order to resist decay.
Charcoal is especially notable for its power of adsorption by
which odors and tastes are removed from drinking water. This
property has many uses. Charcoal also can absorb 35 times its
volume of carbon dioxide and 90 times its vol ume of ammonia.
When fresh from the kiln charcoal has a moisture content of
not over 1-3 (( but it can absorb water and increase to 15 (0 moisture even when stored under cover. (Ekman '22). Damp charcoal
can engender spontaneous combustion, hence it is important to keep
it as dryas possible during storage.
Charcoal has a high fuel value, this being directly proportional
to the weight. Average hardwood charcoal has about 13,000
B.T.D. per pound. It is also a highly reactive fuel, easier to ignite
than wood or mineral coal. It needs less oxygen or draft to burn
well. Once ignited it is extremely difficult to extinguish, as anyone who has encountered "hot charcoal" in a batch from a newly
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opened kiln realizes. Another advantage of charcoal as a fuel is
that it burns with practically no smoke or sparks. An exception is
hemlock charcoal that does give some sparks on the forge. Furthermore no tars or other condensation products are deposited in
chimneys. All these properties make charcoal the ideal fuel for
camp stoves, hand warmers and indoor and outdoor open fires of
all kinds.

ACTIVATED CHARCOAL.
All charcoals have the capacity of adsorbing gases, liquids and
finely divided solids on the surface. This property may be enhanced by subjecting the carbon to special treatments. Efficiency
is improved by adding suitable mineral compounds to the charcoaL
Oxidation of the charcoal with steam or carbon dioxide at
1472+ 0 F. forms part of the most common nlethods of activation.
Active carbon has vastly greater adsorptive power and is useful
for separating impm ities from many substances. Hassler (' 51,
'52) and
('47) discuss the subject in detail. Hassler's
book "Active Carbon" is
the most
treatment of
this com
This is not a
to which the small kiln

Kiln charcoal
does have considerable
it useful as a deodorant.
USES OF CHARCOAL.
Formerly smelting of iron in blast furnaces consumed by far
the largest part of charcoal in the U. S. as in other countries, and
was the reason for the production of charcoal before the advent of
wood distillation. Gayer ('21) points out that the principal advantage of charcoal over other fuels is that it is almost entirely free
from sulphur. Fine tool steel can be made with charcoal, and this
is one reason for the good reputation of Swedish steel. In 1929,
McBride (quoted by Haertel '38) reported one-third of all charcoal consumed in the U. S. was for use in blast furnaces; one-quarter
was used as household fuel. As late as 1938 over 3 million bushels
(2000 carloads), were consumed in New York City alone. Next
in importance were various metallurgical uses, chemicals and nonferrous metal uses. Minor uses were for stock and poultry feeds,
black powder, carbon products and for filtration and deodorizing.
The high adsorptive capacity of charcoal makes it especially
,'aluable for extracting impurities, taste and smell from water, for
refining sugar and filtering biologicals.
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Hicock et al ('51) list a large number of use§ compiled by the
U. S. Forest Products Laboratory. Stokes and Friedenstein (':52)
describe the characteristics of charcoals suited to different uses.

WOOD FOR CHARCOAL MANUFACTURE.
Charcoal may be made from any kind of wood, or indeed any
cellulose or carbohydrate material such as llut shells, bark, sulphite waste liquor, sawdust, shavings, etc. but in the type of kilns
here described sticks or chunks of wood and slabs are the usual
raw material. Wbod for charcoaling may consist of the so-called
softwoods or hard woods. Best results are obtained if they are not
mixed in the same charge since the more porous softwood and
lighter porous "hardwoods" coal quicker and will be consumed if
mixed with the heavy dense woods.
Softwoods. All the conifers - pine, spruce, fir, hemlock, larch,
etc., and aspen or poplar and basswood may be cooked together.
The product is softwood charcoal that is lighter in weight for the
sam'e'bulk than hardwood charcoal.
Hardwoods. All the birches (including gray birch), maples,
oaks, beech, hop hornbeam, ashes, cherries, elms, walnuts, hickories etc., may be cooked together. The denser the wood, the
denser the charcoal, and the heavier is the product for the same
bulk.
Quality of Wood. Don't attempt to make charcoal from rotten
wood; it doesn't carbonize well, it results in much ash and waste
and the lumps are soft and break down easily into "fines" or dust.
Furthermore it may be the source of "hot charcoal" or traces of
fire. Wood with a high percentage of bark gives a high proportion
of "tules." Bark carbonizes but produces inferior lumps, easily
disintegrating into fines. Crooked sticks are undesirable because
they cannot be packed tightly in the charge. Branch wood that is
excessively crooked and knotty had best be left in the woods or
sawed up into short billets and thrown on top of the main charge.
The best wood for charcoaling consists of straight sticks of 2 to
6 in. diameter with sawn ends. Chopped ends mean air spaces
and less solid wood in the charge. Pieces larger than 6 in. should
be split. However, split wood does result in a smaller volume of
solid wood an~ more air spaces.
Slabs. These offer a convenient and cheap source of raw material and many large and successful operations depend entirely
upon slabs. They have not been used in the steel drum kilns here
described since it is more difficult to pack a charge tightly where
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slabs are stacked upright rather than laid flat as in most other types
of kiln. Furthermore they contain a high percentage of bark.
Thin slabs often produce charcoal in the form of splinters.
Bark Content. Pulpwood 4" and up in diameter commonly consists of 12 to 15 % bark. Hardwood topwood of 2" diameter contains up to 27 j{ bark. However, young saplings of the type removed
in thinnings contain much less and these are most suitable for use
in steel drums. Slabs often consist of 30 (;10 or more b-ark (35 'X of
the wood vol ume or 26 (,if of the total volume).
Seasoning. Wood should be thoroughly seasoned or dried before charcoaling. Wet or green wood can be carbonized if enough
heat is developed to dry the wood out, This heat in the case of
most types of apparatus comes from burning part of the charge.
When wood is wet, it is evident that yields of charcoal per volume
of wood will be small. Further, greater difficulty will be encountered in starting the burn, and a much longer coaling period may be
necessary. Usually freshly cut green wood should be stored in
pil€s at least over one summer season in a dry place, well skidded
off the ground. In practic€ a year's supply should be on hand and
year-old wood used. It is rarely possible to store wood for charcoaling under cover but covers over piles such as heavy tar paper.
polyethylene sheet or board roofing help keep fully seasoned wood
in good condition for charcoaling during wet weather and winter
operations. The same requirements for dryness apply to slabs and
other wood residues.
Pre-dryers are important features of large charcoal plants, but
no economical way of drying wood with waste kiln heat has been
d.evised for small portable kilns.
Size of Wood. Twining ('47a) has suggested that in order to
achieve maximum efficiency in producing charcoal, wood should
be prepared in the optimum size for the most rapid carbonization.
Since the cost of wood is usually one of the major costs of prod uction, he reasoned that it was worth investing in reducing it to the
best form, He explained that due to the high insulating property
of wood, especially across the grain, the exterior of a wood stick
became coaled before water vapor had been expelled from the
interior. This resulted in explosive cracking of the interior~ giving
a fraetured charcoal. The coaling process was also needlessly
prolonged. He suggested that wood be reduced to pieces 1"xl"x6"
and gave examples of how this could be done with the minimum
loss in sawdust, using automatic machinery. This is ideal for
retorts where the process can be controlled accurately. Mill waste
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could be handled very efficiently, and this is probably the secret to
the success claimed by some in carbonizing green slabs. Cutting
wood into small bits does not appear practical for small portable
kilns designed to utilize the product of thinnings and improvement
cuttings.
YIELD OF CHARCOAL PER CORD OF WOOD.
Many factors affect the amount of charcoal that can be obtained
from a given volume or weight of wood. Indeed there seems to be
no uniformity in charcoal making. There can be no real comparison of yields unless all factors affecting the yields are known or
controlled. This is usually quite impossible. Only in laboratory
tests can this be achieved. The factors affecting yield should be
thoroughly understood in order to interpret the varied and often
conflicting reports. Gayer ('21) discusses factors affecting yields
under the following heads:
1. Kind of Wood. Heavy, dense woods produce heavy, dense
charcoal. Eucalyptus yielded 2065 lbs. per cord, almost twice as
heavy coal as lighter species (Hawley & Palmer '14, Palmer '17).
The yield by weight can be said to be proportional to the density
of the wood. The yield by volume lYlay be inversely proportional to
the specific gravity of the wood. The explanation of this is that
heavy wood shrinks more than light wood during the coaling process. Softwoods like pine, spruce and fir yield bulky' charcoal with
a porous structure like the original wood. However, yields of softwood charcoal are often low both in volume and weight. Brown
('19) cited by Wahlenberg ('46) reported only 33 bu. or 585 lbs.
per cord of dry wood for longleaf pine. Hawley and Palmer ('14)
and Palmer ('17) list yields of a large number of American species
based on tests in an experimental retort.
2. Character of the Wood. Heartwood yields a denser charcoal than sapwood of the same species. The percentage of bark
also affects the yield.
3. Solid Content of Wood in the Charge.
When wood is
measured by the standard cord, 128 cu. ft. stacked measure, the
actual volume of solid wood (capable of prod ticing charcoal) may
vary from 60-65 to nearly 100 cu. ft. The rest is air (or bark).
Crooked limb, wood cannot be packed as tightly in the kiln as
straight sticks. Split wood "swells" i.e. has a lower solid wood
volume per cord than round wood. The method of measurement
and care with which wood in the charge is measured also affects
reported yields in an unpredictable manner.
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4. Moisture Content of the Wood. When carbonization is
accomplished by burning part of the charge in order to heat the
wood to the exothermic point, part of this heat is used to drive off
water from the wood. The higher the moisture content, the more
\vood will be consumed and the lower the yield will be. Seasoned
wood is usually assumed necessary for efficient operation. There
are some reports that bone-dry (kiln dried) weod is unsuitable for
charcoaling. It certainly can be carbonized but requires much
more delicate regulation of draft than is customary in the primitive
types of apparatus discussed here.
5. Weather. This was probably a more potent factor in the
ease of open pit burning than in more modern methods. However,
there is no question that it remains an important influence. In cold
weather more wood is consumed heating the charge to the coaling
point. . Damp rainy weather also hinders combustion. The air
entering the kiln carries in moisture. High winds cause excessive
draft.
6. Location of Kilns. The affect of topography may be indirect as affecting the microciimate about the kiln. The character
of the soil does influence the operation, especially if the wood is
burned right on the ground vv'ithout a cement floor or steel retort
bottom. Porous sandy soil is claimed to allow too much draft,
while impervious soils prevent moisture draining away. Certainly,
very windy and exposed locations are unfavorable for good COlltrol of draft.
7. Course of the Carbonizing Process. Yields are also affected
by the manner in which the coaling process is carried on. Slow
burning, especially in early stages, yields heavier coal and greater
volume. .lVIore volatile products are evolved with a rapid cook and
more charcoal with a slow fire. The difference may be 24-80 (i .
8. Temperature of Cook. As already mentioned high temperatures result in a purer carbon charcoal, weighing less than charcoal with a higher content of other constituents.
9. Duration of the Cook. This is the total course of carboniza··
tioJL A long coaling period for the charge as a whole may not be
id entical with slow or fast carbonization of parts. Often a long
cooling period may be caused by air leakage and loss of charcoal
by combustion.
10. Type of Apparatus. Unquestionably a more efficient carbonization can be obtained in a highly efficient unit than with open
pit burning. Also a distinction must be made between kilns that
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are heated by exterior heat such as gas or oil \vhere none of the
wood charge is burned to elevate the temperature.
11. Skill and Care of the Operator. With the old open pit
method skill and experience of the charcoal burner meant e\'erything. It was the deciding factor and without it explosion, fire and
complete loss of the charge of wood was as probable as that the
kiln would go out. One advantage claimed for small steel ovens
is that the same degree of skill and care is not needed, but it is still
important. Tryon ('33) cites yields by experienced as against inexperienced crews and puts much emphasis on increases due to experienee. He concluded that about 32 bu. per cord is a good average
for the Black Rock kilns. This low yield must be attributed partly
to the poor grade of wood, probably oak limb wood, that w~s used.
This discussion of the number of variables that can affect production may explain the difference in the yields reported or
claimed. Sometimes yields are reported in bu. or other units of
volume and at other times in pounds. This is also confusing due to
differences in density of charcoal. Retort charcoal has the reputation of weighing 20 lbs. per bu. since it is relatively low in carbon
and high in content of absorbed components that swell the weight
but not the volume. There is much variation in the weight per bu.
of charcoal from different woods as well as from different methods
of production. There is even a difference in the size of the bushel
used.
Then there are always great variations between different cooks.
Where an average is based on several hundred cooks (as in some
data for the N. H. kiln cited in later sections) it is probable that
such a figure represents a better measure of the capacity of a unit
than where the average is based on a very fe\v cases. Bro\vn ('17)
reported an average yield of 42.7 bu. per cord from 25 large wood
distillation plants in New York State with a maximum (pel' plant)
of 50 bu. and a minimum of 38 bu. Beglinger ('52) cites yields of
40 to 42 bu. per cord of seasoned hardwoods for both the Connecticut cinder block kiln and the Black Rock Forest kiln. Hampf ('57)
makes no mention of the yields of steel drum kilns but lists them
under miscellaneous with an average yield of 550 lbs. per cord,
the lowest of any group. Aries ('49) claimed yields of 48 to 52 bu.
per cord with the Mellman retort, a very modest yield for that
apparatus.
The following table is introduced merely to summarize some reported yields by way of showing examples of what can be expected.
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TABLE

1

EXAMPLES OF YIELDS OF CHARCOAL
Bushels of charcoal per cord of wood.
Small Metal Kilns
Tryon '33
Holsoe '36
Olson & Hicock '41
Baldwin & Weld '41
Baldwin & Mace '49
Baldwin '52
Baldwin & Funking '54

.'
,

,

..
32.7
.
32.5
.. 30-40
43
..
47
.
.. 43-49
.. 46-57

Cinder Block Kilns
Olson & Hicock '46
Hicock et al '51

26-46
26-46

Brick Beehive Kilns
IIawes '40

45-49

Oven and Retort
Greer '07
Bro\vn '17
Haertel '38
IIawley & Palnler '14
Palmer '17

.. 45-52
.
42.7
.
48
..
50
. 53-90

Open Pit
Tryon '33
.Holsoe '36

..
..

33
14.5

Brown '19

..

30

Not Specified
Ball (quoted by Brown '19)

27441

PRODUCTION COST.
Very few figures of the actual production cost of charcoal, esspecially in small kilns have come to the writer's attention. There
are many engineering estimates but little data based on experience.
Furthermore no good comparison between different reports is possible since some costs include bagging in Ij~-bushel bags. others
without bagging. Without detailed cost accounting it is difficult to
compare methods or types of apparatus. A search of publications
lead.:! to the conclusion that such records have not been kept by
most small kiln operators. Without them it is idle to claim that one
kiln or operation is more efficient than another.
Complete wood distillation plants with equipment for recovery
of all by-products used to have a capital cost of about $5,000 per
cord daily capacity; now they cost about 5 times as much. Haertel
('38) cites an operating cost of such a plant at that time as $12.92
for processing one cord. Brown (' 19) reported similar costs at
oven retort plants in 1916 as $9.17 and $9.97 per cord.
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The' only report on production costs with the conventional Connecticut kiln is given on the last page of the 1951 bulletin by
Hicock. These total $36.25 for "an average burn" of the 2-cd. kiln
or $18.12 per cord. Recently Simmons ('57) has estimated the costs
on a 9-cd. Connecticut kiln as $240 per burn or $26.66 per cord.
He compares this with a 90-cd. beehive kiln, $15.90 per cd. Early
experience with the New Hampshire kiln indicated a cost of around
$42 per cd. (Baldwin & Mace '49) but this included trucking \\load
to the kiln from the woods and other costs not included in other
estimates. Aries, ('47) estimated the cost of conversion of 1 cd.
vlood into charcoal without recovery of by-products by the Strupp
process to be $8.70.
Labor. Formerly it was customary to burn the old brick beehive
kilns on a contract basis. Hawes ('40) reports a contract price
of 5 cents per bushel for loading and burning the kilns, plus 1 cent
per bushel for bagging in beet pulp bags or 1 cent per bag for paper
bags. The same rates were in effect at other plants at that time.
Tryon ('33) states that 12 kilns can be operated 6 days a week ,,,ith
a labor input of 144 man hI'S., consuming 18 cords of wood. This
means 36 cooks with the Black Rock kilns or 3 per week with each
kiln or 8.4 hI'S. labor per cord of wood processed. In actual practice it was found difficult at the Fox State Forest to maintain a
schedule of 3 cooks per week with Black Rock kilns. Labor input
there was 10-15 man hours per cord from 1950 to 1954. (Baldwin
& Funking '54.) The following tabulation shows great variation
in labor costs:
TABLE 2
LABOR REQUIRED TO OPERATE KILNS

Type of Kiln and Author

Steel Behive

Tryon '33
Holsoe '36

..
..

Baldwin & Mace '49

..

Cinder Block

Hieock et al '51
Simmons '57

" ..
.

Steel Retort

Ari.es '48 " ;

..

Brick Beehive

Simmons ' 57

..

Open Pit

Holsoe '36
Bro\vn '19

..
..
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TRANSPORTATION COSTS.
Rail shipments are less common than formerly. Full carloads
require a minimum of 26,000 lbs. per car or 3-4000 bags. The rate
from Central New Hampshire points to New York is 50¢ per cwt.
plus 3 r;~, tax on carload lots and $1.00 per cwt. plus 15 ~/; tax on
less than carload lots.
Motor truck transport from Central New Hampshire to Boston,
Springfield and the New York City areas were quoted by the New
England Motor Rate Bureau in 1953, covering bagged charcoal in
1/ 2 bushel bags.
TABLE

:3

MOTOR TRUCK RATES ON CHARCOAL
CLASS 3
Dollars Per Hundred Pounds
8000-

From New Hampshire to

Boston, Mass ..........................
Springfield, Mass. ..................
New York City Area ............

0-649

1.37
1.49
1.76

650-3799

1.12
1.23
1.68

3800-7999

.94
1.03
1.51

14,500

14,499

and over

.73

.58
.64
1.17

.87
1.29

Min.
Cha.rge

2.10
2.30

SPECIFICATIONS FOR CHARCOAL.
Various specifications have been drawn by purchasing agents,
usually with regard to powdered charcoal, which is classified by
the mesh that it will pass. As an example of Federal Specifications
for lump charcoal the following is quoted from Section E of Federal
Specification for charcoal LLL-C-251 from Sec. IV (Part 5) of the
Federal Standard Stock Catalog.
E-l. Description. Charcoal shall be made by charring hard
or soft wood. The lump form shall be black, nonlustrous charcoal,
with glossy conchoidal fracture. The briquet form shall be charcoal, pulverized or granulated, compressed and held together by a
suitable binder.
E-2. Contamina.tion. Not more than 1 per cent, by weight, of
poorly charred wood, trash, or other materials foreign to charcoal
produced in retorts, pits, heaps, or hives shall be permitted.
E-3. Size. Not less than 90 per cent, by weight, of the lump
form shall remain on a 2'1:2-inch screen and not more than 2 per
cent, by weight, shall pass a 1 14-inch screen. Not less than 90
per cent, by weight, of the briquet form shall remain on a lY4-inch
screen.
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E-4.' Ash. The ash content shall not exceed the following~
Lump form 4 per cent, briquet form 6 per cent.
E-5. Moisture. The moisture (hyposcopic) content shall not
exceed 5 per cent.
E-6. Volatile Matter. Shall not exceed 20 per cent.
PRICE OF CHARCOAL.
Before World War I charcoal was chiefly a by-product of wood
distillation for the purpose of recovering chemicals and sold for
4 to 6 cents a bushel at the plant (Anon. '07). Assuming 20 lbs.
per bushel for retort charcoal (the weight given in older publications), this would be about 14. of one cent per pound or $5 per ton.
During the war demand increased greatly and Brown (' 19) mentioned a price of 7 to 8 cents a bushel. Similar low prices prevailed
during the early 1930's when distillation plants were going out of
business. Othmer ('52) gave the price at $6 to $7 per ton. The
price had risen to 121j2 cents per bu. or $12.50 per ton by October
1935 according to Haertel ('38) and it continued to rise during
World War II. The usual quotation around 1950 was $40 per
ton F. O. B. The most recent publication (Anon. '57) gives prices
by regions varying from $35 to over $60 per ton. The average was
$48.85.
These are prices for bulk charcoal in carload lots. Prices for
bagged charcoal ready for the retail trade, reflect the cost of bagging and are often several times as high as the carload prices. In
1940 the wholesale price for 112 bu. bags was about 30 cents; in
1950, 40 cents and in 1955-57, 45 to 50 cents. These suggest a 10fold increase since 1919. Retail prices in late years have varied
from 59 cents to 85 cents or even higher with an average of about
70 cents per 1;2 bu. This is for ordinary lump charcoal for domestic
and picnic use. Various grades of activated charcoal bring higher
prices.
PRODUCTION AND CONSUMPTION OF CHARCOAL.
Fernow in 1886 estimated that 250 million cu. ft. of wood was
used in the U. S. for charcoal or about 4 million cords. Over 1
million cords of wood were used for distillation in 1906 from which
nearly 46 million bushels of charcoal were produced. In recent
years about one-half million cords have been consumed, mostly
hardwood. The peak production occurred in 1909 when 55,478,503
bushels (554,785 tons) were produced. Production then decreased
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to less than half that figure. Since 1954 a slight increase has been
noted, due largely to the use of charcoal as a luxury fuel. The
1956 production was given as 264,990 tons. (Anon. '57.)
Nearly all charcoal needs in the U. S. are supplied by domestic
producers. Net imports amounted to about 11,000 tons. Demand
for eharcoal for outdoor cooking appears to be good and sustained.
More appliances may be devised for using charcoal for camp heating and cooking. Its use by Boy Scouts is an encouraging sign.
Given a steady or growing demand by conSUIners the suceess of
small produeers will depend upon more effieient means of production and distribution.
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EXPERIENCE WITH STEEL DRUM KILNS

The large size, installation cost and upkeep required with
masonry kilns has led many people in almost every country to experiment with metal kilns. Exceptions are in countries where steel
is scarce or prohibitively expensive. Retorts and steel distillation
plants are not considered here; only units of small size devoted to
charcoal production without recovery of by-products (except
occasionally tar). In the Eastern United States the so-called Black'
Rock Forest kiln, developed about 1930 by H. H. Tryon, Director
of the Black Rock Forest, Cornwall, New York, on the model of the
French Magnein kiln, paved the way for experiments with kilns of
this type.
The Magnein kiln was a steel drum unit made of several sections of 14 and 16 gauge sheet steel. It could also be made of brick
or concrete. It required 14 to 20 hrs. for burning and 20 hrs. for
cooling so that a complete cycle could be made in 48 hrs.
Holsoe ('36) having observed portable steel drum kilns in
Europe, constructed the so-called Indiana kiln; it was very similar
to the Black Rock kiln but apparently was developed independently.
It was octagonal in shape, made in two sections with gutters, the
lower of 10 and the upper of 14 gauge steel. The top section was

FIG. 1.
Wood stacked in Black Rock Kiln. Fox State Forest 1938.
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flat made by welding two half-octagonal sheets together. An 8"
hole was provided in the center. Eight 8" draft holes were made
around the bottom and alternate holes fitted with 8" elbows and
2 sections each of 8" stovepipe. The kiln had a capacity of 2 cords
and differed from the Black Rock kiln in that pieces of wood were
laid flat to provide channels to the draft holes and then two tiers
of 3 ft. wood were stacked on end around the core of kindling.
Firing, tending and cooling were carried out essentially the same
as in the Black Rock and New Hampshire kilns.
The scarcity of fuelwood at National Park campgrounds in the
Southwest and the great quantities of wood being burned on eee
propects, solely to dispose of it, led Wirt ('38) to propose the use
of charcoal for camp fires. He instituted experiments in Texas for
this purpose. Finding the open pit method unreliable, an improvised retort was constructed, heated by old crankcase oil. However, tests were also made with a steel drum improvised from an old
stationary steam boiler casing.
The New South Wales kiln (Anon. '40) was also similar in construction and operation to the Black Rock kiln but was cylindrical
in shape. It had but one draft hole, then a grate in the floor and
4 flue pipes arranged on the outside.
This produced what is
known as a reverse draft, the air entering at the bottom, passing
upward through unburned wood to the fire zone at the top. The
burnt gases, meanwhile passed downward also through the un-

FIG. 2.
Placing middle section over loaded Black Rock Kiln.
Fox State Forest 1940.
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burned wood to escape out the smoke pipe outlets at the bottom.
Undertaken as a wartime measure, directions were also given for
making charcoal in an old oil drum.
Olson and Hicock ('41) devoted their attention first toa portable sheet metal kiln before turning to the cinder block or Connecticut kiln developed during World War II and popular with
small producers. Their sheet metal kiln was rectangular, the sides
being demountable for transportation from place to place. Cylindrical kilns were also built. The chimney principle that was
adopted in Sweden during the 1930's as an adjunct to open pit burning was part of the unit. This rectangular steel kiln was essentially
the same model later built of cinder blocks.

FIG. 3.
Experimental steel kilns. Conn. Forest & Park Commission 1940.

During World War II much attention was devoted to small portable steel kilns by the Forest Products Research Laboratory at
Princes Risborough, England. (Anon. '44)
Risi ('42) illustrated a large number of experimental steel kilns
in use in Quebec. Most of these were cylindrical in shape with a
steel door on the side. Recovery of tar was achieved in some cases.
More recently Mr. Warren C. Hutchinson of Rochester, Vermont,
has. used a horizontal cylindrical drum on a masonry base. Mr.
Fenimore Thomas of Owego, New York, has perfected a progressive type of steel cylinder kiln in which wood is introduced periodically at the top and charcoal withdrawn at the bottom.
An efficient kiln constructed by Anton Kubik for the Burbank &
Crocker Company of Fitchburg, Massachusetts, includes a sump in
the base for withdrawing tar and has air valves or dampers on all
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four air intakes and four smoke pipes, thus permitting accurate
control of burning and doing away with the need for sand in banking the kiln.

FIG. 4.
Kubik Kiln. Crocker Burbank Papers, Inc.,
Fitchburg, Mass., 1956.

A noteworthy type constructed in England is the so-called
"Unique Portable Charcoal Kiln" made under the Whitfield
Patent. * This appears from the description to be much like the
original Black Rock in its 3 d.emountable sections but is cylindrical
rather than conical and holds 140 cu. ft. or over a cord of wood.
The distinctive features are (a) an inner perforated shell for conducting the gases downward inside the casing and (b) provision
for air intake over the bottom layer of wood, regulated by a single
valve. It is reported that 2 men can fill, burn and discharge 6 kilns,
3 times a week, indicating that the coaling cycle is much the same
as has been found possible with the New Hampshire kiln.
A relatively new development in steel kilns is the closed system
retort kiln manufactured by TarBoy Engineering Associates of
Green Island, New York. This unit, which is claimed to be 100%
portable, consists of two 3 %~ cord retorts connected to a heat exchanger and combustion chamber with electric fans. An oil burner
* Sold hy Uni(IUe Char('oal Hetort rompnny. Ltd., Station \Vorks, 'rowe'ester, Northants,
England.
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heats the charge to the carbonizing temperature and the gases are
recirculated through a scrubber. The cycle for one charge takes
8 hrs. tended by 2 men. The addition of a heat exchanger has been
proposed for masonry type kilns since it permits more rapid cooling as well.
The above examples will show the universal interest in small,
portable or semi-portable kilns and the variety of forms that have
been devised. There are very few detailed records of the results
of operations with these units. Yields of charcoal are often given
but costs of operation are rarely set forth completely.
There have doubtless been more varieties of metal charcoal
kilns devised and experimented with than any other type. There is
an almost unlimited field for ingenuity, adapting second-hand material or designing and constructing novel or untried types. It
should be emphasized that while a special design of steel kiln is
described here, no claim is advanced that this is necessarily the
best or most efficient design. It has proven satisfactory under one
set of conditions and has been operated for a period of 20 years.
Many improvements will suggest themselves to persons who have
been using this type or may do so in the future.
It was reported that in 1956 there were 207 steel beehive kilns
in use in the United States. A considerable number of these are
doubtless of the New Hampshire pattern.
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III. DESCRIPTION OF THE
NEW HAMPSHIRE CHARCOAL KILN

The kiln here described is a modification of the Black Rock kiln
based on several years experience with the latter. It can be used
at one location or moved readily.
EXTREME MOBILITY NOT IMPORTANT.
A few weeks after the 1938 hurricane we started making charcoal at the Fox State Forest in Hillsboro, N. H., with two kilns purchased from the Black Rock Forest. During the first two years
of operation the kilns were moved from place to place on the
forest and were operated winter and summer by contract workers
who lived in camps near the kilns. They cut and transported wood
when not ,engaged in loading kilns or bagging charcoal. It became
apparent during this time that there was not the advantage to moving kilns about that had been assumed. When a suitable base for
the kilns had been cleared and all the accessories set up near a
supply of wood it was supposed that this would have an advantage
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FIG. 5.
H. kiln u;ith two pipes in place.

Drum or main section.
Bonnet or top section.
Draft pipe.
Intake port.
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over mo.ving the wood because of the greater weight of wood than
charcoal. At first, wood could be taken from piles and stacked in
the kilns a few feet away. As this was used up, wood had to be carried from ever farther away. Soon it was easier and quicker to
rehandle the wood, lay it on a wheelbarrow or truck in which to
move it to the kilns and lift it out again. It also became evident
that frequent trips were necessary between the warehouse and kilns
for supplies of all sorts. It was found more satisfactory to locate kilns
on a permanent well-prepared site near the forest headquarters
where fire protection was better, the kilns and workers could be
under constant observation, and bagged coal could be protected.
When a kiln was to be loaded a truek was dispatehed to the wood
pile chosen for use at that particular time and the wood then unloaded direct from the truek into the kiln..

Bll&_ ""it\, WOOd
3tllc.k.. d .... lld~ fo~
<l..,rcOQli"9·

FIG. 6.
Plan view of arrangement of cement bases around derrick. 1 2 3 4 indicate kilns. One base is shown stacked with wood and another'with ,a pile
of charcoal just uncovered by a kiln. Two other bases are bare.
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MECHANICAL LIFTING OF KILNS.
The Black Rock kiln was in 3 sections and each section could
be lifted in turn by 2 men. The bottom section was not disturbed
except when moving to another location. Placing the mid-section
over a stack of wood was often a difficult task and a gin pole or
tripod hoist was arranged to make this operation easier. When
new kilns were ordered in 1950 it was obvious that it would be
cheaper to construct the kiln in two parts rather than 3 and that
the design of the gutter at the section joints could be greatly simplified. This in modified design is the N. H. kiln. With the new
kilns a central derrick was arranged (Fig. 7) so that kilns arranged
in a circle could be lifted and lowered (cf. Fig. 6). Other installations of the New Hampshire kiln have used lift trucks such as are
used for moving pallets around industrial plants, old auto wrecker
trucks or overhead hoists. The present installation at Bear Brook
State Park uses a travelling beam crane running on parallel tracks.
This serves 10 to 12 units arranged in rows.
ELIMINATING IDLE KILN TIME.
One advantage of lifting the kilns was that wood stacks could
be prepared on bases in advance and the kiln dropped over the
stack as soon as it was safe to uncover a batch of charcoal. The
kiln could then be ignited at once, and the charcoal bagged and
other bases filled with wood while the kiln was burning. Formerly
and with other types of kiln, all charcoal must first be shovelled
out of the kiln (a dirty, dusty job in some types) and the kiln then
recharged. This may consume a whole day or more during which

FIG. 7.
Derrick for lifting kilns.

Elevation.
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the kiln' is idle. The virtual elimination of idle or down kiln time
is the most important feature of the New Hampshire kiln.
New kilns constructed in 1955 embodied a few improvements
over the 1950 design as follows:
The gutter was so constructed that rain water could not enter the
kiln (cf. Fig. 8). The flange at the foot was reduced in size to save
material. The length of the central flue was reduced.

FIG. 8
Detail of gutter at Junction of upper and lower section,
A. Wall of drum or lower section.
B. Wall of bonnet or upper section.
C. Gutter welded to A.
D. Sand seal.
E. Extension of wall of drum to prevent
rain water entering kiln.

Reinforcements were welded around the draft holes since it was
found that corrosion and attrition were heaviest around the holes
where the presence of air tended to raise the temperature. The
Black Rock kilns were sold in 1956 after at least 25 years service.
They are still being operated by other producers hence the estimate
that such kilns should be able to last for 500 burns.
In 1957, the 4-kiln pilot plant at the Fox State Forest was transferred to Bear Brook State Park in Allenstown, N. H., and seven
more kilns acquired.

28

NEW HAMPSHIRE CHARCOAL KILN

Detail of bag eye.

FIG. 9.
A. Wall of drum.
B. Wall of bonnet.
C. Eye formed of round iron
rod welded to A.

SPECIFICATIONS FOR THE NEW HAMPSHIRE KILN.
Design. The kiln is a conical or bell-shaped receptacle like an
inverted tea cup, a form found to be most efficient for producing
wood charcoal. This steel cone is open at the base which rests on
the ground or on a prepared cement foundation. In loading, four-

FIG. 10.
Detail of foot flange.
A. Wall of drum.
B. 2" flange of %" steel.
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foot sticks of wood forming the charge are stacked on end around
a central stake and kindling stack, after which the kiln is lowe~ed
over the stack by means of a suitable hoist. The flange extending
around the kiln at the base is covered with fine sand to form a seal
at the bottom. Eight draft holes are provided equally spaced
around the circumference near the bottom and alternate ports are
occupied by four six-foot flue pipes when the kiln is in operation.
Upon completion of the coaling process all these holes are covered
by steel plates and banked with sand.
Parts. The kiln body consists of two parts, the drum or lower
section and the conical cover or bonnet.
Accessories. 1. Cap. This is similar to a stove pipe cap or
plug. It fits snugly over the central flue pipe. It is provided with
a handle.
2. Pipes or Chimneys. These consist of steel tubing or galvanized stove pipe 4" in diameter so that they fit easily into the 4~"
draft holes around the base of the drum. A 30° bend or a 45°
elbow is provided at one end so that the pipes slant away from the
kiln.
3. Cover Plates. These are 8/1 x 8" steel plates of 14 gauge
steel curved to fit over the draft holes and rest on the basal flange.
Materials. Fourteen gauge sheet steel is used for the shell of
the drum or lower section. It is reinforced at the base by a flange
of 3/8" steel 1-2/1 wide welded to the shell around the circumference.
This rests on the ground or cement base. Sixteen gauge sheet steel
is used for the bonnet and central flue.
If the kiln is to be lifted by derrick or chain hoist, three hooks
or eyes must be provided for attaching the hoist. These are welded
at points equidistant from one another near the top of the drum.
Raising the kiln by lift truck or tractor can be accomplished by
having two hooks welded to the drum above the mid point.
The cap is made of heavy gauge galvanized iron the top edges
rolled over to be as gas tight as possible.
Two handles welded to the bonnet are of V2" or 0/8/1 round iron.
The same material being used for the lifting hooks or bag eyes.
Reinforcement rings welded around the draft ports on either
side are of 14 gauge steel.
Dimensions. The overall dimensions of the kiln need not be
exactly as given here. The standard model in use has a diameter
of 90/1 at the base and 60" at the top, the height along the side
being 52/1 and 50/1 vertically. The sides of the drum thus make an
angle of about 73 0 with the horizontal. The bonnet is 30" from
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the edge of the central flue to the margin with a vertical rise at
the apex of 15". The sides slope 26° from the horizontal. The
central flue is 8" in diameter. This need rise only enough to accommodate the cap (4"). Hand grips on the bonnet are 7" long and
rise 2" from the surface. Bag eyes are bent to provide a 2" openinK.
The 8 draft holes or ports are 41;4" in diameter so that a 4" flue
pipe may be inserted easily. They are equally spaced around the
base, the center of each hole approximately 4/l from the angle of
the basal flange. The volume has been computed to be 98.5 cu. ft.
or 0.77 cord. In practice one-half cord of 4 ft, wood can be accommodated.
Construction. The kiln is of welded construction throughout.
No machining is necessary. Protruding seams are no objection.
The gutter is formed by welding a circle of sheet steel of the same
gauge as the drum, projecting 2" out from the body about 1" below
the top of the drum shell as shown in Fig. 6. It is welded at a right
angle to the body of the drum. The purpose of the inch projection
of the drum case above the gutter is to prevent rain entering the
kiln. The gutter is sealed with sand when the bonnet is in place.
HEAT RESISTANT PAINT FOR STEEL KILNS.
Steel kilns allowed to stand out in the open rust badly unless
the outside surface is protected. The inside becomes coated with
tar and scale. A number of different paints have been tried.
Aluminum paint and black stack paint are satisfactory to protect
the kilns when idle, as for instance when they are shut down during
winter, but these coatings burn off when kilns are in use. Recently
a high temperature resistant paint has been developed by the U. S.
Corps of Engineers Research and Development Laboratories, Fort
Belvoir, Virginia. This paint is said to be resistant to temperatures
even above 1400° F. and exterior weathering. Formulation and instructions for applying are given in Specification MIL-P-14105A
(CE) 16 October 1956. The Glidden Company, Reading, Pennsylvania, can supply this paint. Other heat resistant paint can be obtained from Rubalt Products, Alfred Hague & Company, Inc., 227
34th Street, Brooklyn, New York. Users of steel kilns are strongly
advised to keep all metal surfaces that may rust well protected by
such a coating. Most of the depreciation that occurs to steel kilns
is due to loss of metal by corrosion-rust. New kilns should be
painted on the outside before using while the steel is still bright.
Follow the manufacturer's directions in preparing the surface.
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COST OF THE NEW HAMPSHIRE KILN.
Units made in 1950 cost $128 each, those in 1.955 $200 each.
The flue pipes and paint were extra. A set of 4 heavy gauge galvanized iron pipes with 90 0 elbows specially made by a tinshop cost
$72 in 1950. They are still in use. Ordinary 4" galvanized stove
pipe costs much less. Elbows are 80 cents each and 2 ft. straight
sections half as much. Such pipe will last one or two seasons at
most. Ten foot sections of brooder pipe can be purchased from
farmers supply houses for about $2 each. No estimate of cost can
be made for lifting devices. The sifter and bagger cost about $70
for materials and carpenter labor.
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IV.

DIRECTIONS fOR OPERATING THE

NEW HAMPSHIRE CHARCOAL KILN

IThe following description is based solely on many years experience in operating the Black Rock and N. H. Kilns in central New
Hampshire, using round cord wood cut in forest improvement operations. No slabs have been used, but it can be assumed that slabs
can be coaled successfully with slight variation from these instructions. Wood has been well seasoned for the most part, usually a
year or more having elapsed since cutting. Except for 1938-40 no
charcoaling has been done in winter. The w9rk has been done by
men of varying backgrounds, from laborers oVer 70 to high school
boys. All have proven capable of running the kilns alone without
supervision after a few days instruction. Assuming that the kilns
are complete and that some means of lifting them and lowering
them over the wood stacks is available, a supply of seasoned wood
and certain tools and supplies are all that is required. The following sections describe the operation in detail.
EQUIPMENT AND SUPPLIES.
Before starting charcoaling the following equipment and supplies should be on hand:
Equipment:

Square shovel for charcoal
Round pointed shovel for sand
Short ladder or stepladder to reach
top of kiln when firing
Old broom for sweeping away sand
One clip board for every kiln
Rake
Hoe
Axe
Hammer
Bushel baskets or old tubs to hold
kindling and brands
Supplies:
Sand (1.4 t 0 lh cu. yd. clean fine

sand). Cement sand is too coarse.
Sand for sealing kilns need not
be "sharp." It should rather be
like moulding sand or very fine
sea sand. Gravel is not satisfactory. Better use screened sandy
loam. Stones, or bits of charcoal,
etc., prevent making a tight seal.
Kitchen matches

Pails or cans to hold extra charcoal
Fire extinguisher and barrels of
water near kilns
Asbestos gloves or old mittens
Kitchen scales for weighing bags
(where weight is required)
Wire tie tool
(Thermocouples and an ammeter
may be installed· to follow the
prograss of the burn, but are usually not practical in the N. H.
ldln)
Kerosene or No.2 fuel oil
Bags for charcoal and fines
Wire ties or staplers for bags
Excelsior or newspaper
Kindling
Wood
Stove pipe wire
Cook record forms
Pencils
Chalk
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The following outline lists the steps in order for one compl:ete
cycle:
.
STAGES IN THE CHARCOAL OPERATION.
1. Loading the base
A. The center stake
B. Outlining the circular boundary for the stack
C. Kindling core
D. Stacking wood
2. Lowering kiln on stacked wood
A. Filling chinks on side
B. Chunk wood on top
3. Firing the kiln
A. The kerosene cocktail
B. Lighting the core
C. First free burning period
D. Putting on bonnet and sealing with sand
E. Second free burning period
F. Sanding the base
G. Warming flue pipes
H. Inserting flue pipes
1. Closing the cap
4. Tending kiln during coaling
A. Dampering when needed
B. Rotating pipes around draft holes
C. Steps in banking
D. Banking kiln
5. The cooling period
6. Opening the kiln
A. Removal of sand
B. Removal of draft covers
C. Lifting the kiln
7. Recovery of charcoal
A. Breaking
B. Screening
C. Bagging
D. Storage or warehousing
8. Record~
LOCATION OF CHARCOAL KILNS.
Great care was taken in selecting a site for open pit burning because much importance was attached to the character of the soil,
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the local topography and the behavior of air currents. The same
hold for N. H. ldlns, but this is not so vital to success. Level land
sheltered from the wind is to be preferred. Sandy or well-drained
soil is most suitable since moisture from the burning kiln can be
absorbed (if there is no cement floor). Loose porous soil on the
other hand admits air and makes the charge burn too fast. There
should be space near the kilns in which to store wood. Water
nearby is desirable for fire protection. The ground where the kiln

FIG. 11.

The kindling core.
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is to be installed should be cleared of stiCJks, roots and stones and
levelled. It is well to have the center of the circle occupied by the
kiln raised a few inches to increase inlet air and allow liquids to
drain away.
Possible smoke nuisance must be considered in selecting a location in settled country or near habitation. Smoke is reported to
have caused complaints in some places where kilns were located
in or near a settlement. To many the odor of charcoal smoke is
not unpleasant, indeed it is fragrant, but there are evidently many
other people whos,e taste differs. Therefore it is well to consider
the direction of prevailing wind and locate kilns where the smoke
or odor will not offend neighbors. The smoke and odor tends to
go downhill at night if the kilns are located on a ridge.
In larger kilns, including the larger sizes of Connecticut kilns
it is quite possible that some means of burning these aromatic volatiles in the smoke may be combined with a pre-dryer - say another
kiln already loaded with a charge of wood into which these burned
gases could be discharged. This would form a preliminary cycle
in carbonization. With the New Hampshire kiln, the unit charge
is small, and the whole apparatus is designed to be as simple as possible.

LOADING THE KILN.

The first step is the preparation of the kindling core about which
the wood to be carbonized is stacked. If a permanent cement base
is used, the iron pipe set in its center forms the support for the
kindling pile; if not, a stake 3-4 feet long is driven in the ground
in the center of the area to be occupied by the kiln. Three to four
small dry 4 ft. sticks are leaned against the pipe or stake, separated
about 1 ft. at the base. They are held in place by tying a string or
wire around the top of the cluster, binding the sticks to the stake.
A ball of excelsior, paper birch bark, crumpled paper or similar
material is then placed at the bottom between the sticks. Next
small pieces of dry kindling such as pine, cedar or other softwood
about 1 ft. long by 1 in. diameter are piled log cabin style or "cob
house" between the slanting sticks. The appearance of a completed kindling core is shown in Figure 11.
The main charge is then placed about the kindling core, leaning
the sticks carefully against the stack, so as not to dislodge the
kindling. The stack is built up equally froHl all sides so that the
kindling remains in the exact center of the cylinder of wood. Pieces
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of wood that are slightl:w longer than others should be placed near
the centE?r, where projection above the 4 ft. level will not interfere
with the bonnet, since it slopes up in the center. The first sticks
laid on should also be dry and of small or medium size. About onethird the distance from the center to the circurnference is the best
location for the larger pieces, if such are to be coaled. It is preferable to operate wood uniform in size in anyone cook. Sticks are
added to the outside of the pile until it reaches the size that can be
accommodated by the kiln. This takes a little practice. If burns
have already been made, marks on the ground or base will show
the location of the kiln rim. Another method is to scribe a circle
from the center stake with a stick tied to a string before beginning
the stack. Iron wagon wheel hoops of just the size to fit inside the
kiln without jamming, may be passed over the wood stack. Two

FIG. 12.
Stacked wood on base.

hoops may even be used, one for the bottom of the pile and a smaller
one for the top. If trouble is encountered in fitting the kiln over
the stack it is better to allow about 6 inches, I.e. make the stack
that much smaller in diameter than the kiln, and then fill in the
vacant space after the body of the kiln is in position.
When the stack of wood is complete the kiln is lowered over it
until the basal flange is in contact with the ground or cement base
on all sides. The bonnet still being off, all cracks and open spaces
between the stacked wood and the casing of the kiln are now filled
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with straight sticks. The shorter chunks and brands left from
earlier cooks are thrown on top of the stack mounding it up, yet
allowing ample room for the bonnet to fit into place. The charge is
now ready for lighting.
As a rule, wood stacks are prepared in ad vance on regular bases,
except for the final filling of chinks after the kiln is in place. These
prepared stacks or loaded bases, as they are called, should be kept
dry by covering with tarpaulin at night and in rainy weather.

FIG. 13.

Swinging the kiln over the stacked wood.

FIRING THE KILN.
The kiln being in place with bonnet off, about 1 pint of kerosene
or fuel oil is poured down along the center pipe or stake. This
serves to guide the stream of kerosene all the way to the bottom
where it soaks the excelsior ball. A kitchen match is then struck
and dropped down along the pipe or stake to reach the excelsior.
If the match fails to get all the way to the bottom it may ignite
kerosene-soaked kindling on the way and bits of burning material
soon fall to the bottom and start the excelsior. A roaring fire soon
erupts from the center of the charge. It is often helpful to toss in
additional small bits of wood or charcoal to replenish the fuel in
the kindling core, as this burns away. This open fire should be
allowed to burn freely for about 10 minutes until the center of the
core is thoroughly ignited. (It is also possible to light the kiln with
bonnet in place.) Then the bonnet is put in place, but the cap left
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off. Immediately the flame is partly quenched, and choking smoke
escapes from the junction between the bonnet and the body of the
kiln. This joint is now sealed by passing a shovel of fine sand
around the circumference. An inch of sand is sufficient. Too much
may cause the casing to heat to a higher temperature than surfaces
not sand covered, and thus cause metal flaking and deterioration.
The cap is left off for another 10 to 20 minutes while the basal
flange is lightly covered with sand to make an air-tight seal with
the ground. Keep sand away from sides of kiln casing and draft
and flue holes.

FIG.

14.

Placing bonnet on lighted kiln.
Photo by L. M. A. Roy, Henniker, N. H.

It is now time to warm up and set the flue pipes. These should
be examined to make sure they are not clogged by tar deposited in
previous burns. A good draft is promoted by holding the elbows
of the pipes over the flame issuing from the cap hole, and then
quickly inserting them in the port holes. Smoke should begin coming from the flue pipe. When aU are in place the cap is put on,
and smoke should now come only fr0m the pipes. If it leaks from
other parts of the kil'n, these places should be sealed with clean
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sand. The flue pipes should now all be emitting white smoke, perhaps feebly at first, but increasing in volume as the kiln charge
becomes heated to the exothermic or carbonization temperature.
If a pipe ceases to draw, it should be removed, warmed up, or a
clean pipe substituted. Extra long flue pipes, for use as "starter
pipes" only, were first tried in 1957 and proved their worth for
getting "balky" or slow burning charges of wet wood, etc., under
way. These are 10 ft. sections of galvanized iron 4/1 pipe sold by
farmers supply houses for "brooder house pipe." These long sections are fitted with ordinary 4/1 galvanized elbows and leaned
against the kiln, slanting inward rather than outward as in normal
burning position. This brings the tops of the pipes almost over the
cap of the kiln where they converge and are heated by the flames
from the open cap hole during firing. Heating the tops of the pipes
develops a strong draft, just what is needed at the start of a cook,
but too strong when the kiln is well heated. Therefore, it is recommended that these long pipes be removed and the regular length
pipes inserted in alterate draft holes after the coaling process is
well started and dense clouds of smoke are pouring from the pipes.
This may be anywhere from one to three hours after firing. Under
certain conditions long pipes may be used with success during the
entire cooking period.
During firing and tending of burning kilns, other operations
such as bagging charcoal or stacking new bases with wood, can be
carried on.

FIG. 15.
Start of burn; tall pipes in place.
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CARE OF KILN DURING COALING.
During the early part of the cooking period the only attention
that is needed is to make sure that the kiln does not go out. If smoke
stops coming from the flue pipes, or persists in being a feeble wisp
of smoke, it is well to take off the cap, and stimulate the fire by
allowing it to flame up through the hole, adding bits of fuel if necessary. In exceptional cases the fire may even have to be rekindled.
Try to do this without disturbing the bonnet. If necessary to remove the bonnet, the sand seal must first be swept away carefully.
When a kiln is out "cold," and is discovered out after a long interval, for instance overnight, then it is advisable to remove the bonnet
and insert a new charge
kindling in the center before re-lighting.
Kilns that are fired in the afternoon can always be left unattended
without danger. If it is very
it is well
to lean the draft covers over the
so as to break the
but not close the draft entirely. Kilns that are very hot and burnshould likewise be dampered at night. It goes without
that no inflammable material, such as charcoal dust or
wood,
should be permitted on the ground near
open
of
kilns.
One of the
be left to burn without

FIG. 16.
Clearing draft holes with poker.
Photo by L. M.A. Roy, Henniker, N. H.
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the conte'nts. When all the wood is completely carbonized the coal
glows red at the port holes and the pipes emit a thin steel bl:ue
smoke, often barely visible. Then it is time to close the draft holes
with steel plates and cover them completely with sand. However,
not all the draft ports may glow red at the same time. Then it is
wise to cover these "red holes" with steel plates (but not bank with
sand), until the others have become red also. A refinement that
aids in getting uniform coaling is to rotate the flue pipes, Le. move
each pipe over one draft port, placing the flue pipe on a hole where
red coals show, and allowing the port from which the pipe was
taken to burn out in turn. This means that the places on the kiln
that were originally draft holes are now occupied by flue pipes.
Sometimes pipes may be rotated more than once. One side of the
charge should not be permitted to cook faster than the other.
Finally the time comes for closing down or banking. This can
be earlier or later to suit the convenience of the operator. Best
yields can be obtained by banking just at the stage where all wood
is carbonized as evidenced by blue smoke. Earlier closing may
result in some uncharred brands, but convenience and economy of
labor time outweigh advantages of the ideal cook.
The time required for a cook varies from 8 to 30 hours depending on the kind and dryness of the wood, the 'weather and many
other factors. When a kiln is banked, all flue pipes are removed
and stacked in a safe place, where the tar can drain .from the elbows, and all port holes tightly fitted with steel covers. These are
banked with sand so as to hide completely the edges of the plates,
and close any hole where smoke may appear.
COOLING PERIOD.
After banking, the kiln is left without disturbing in any way,
except to reinforce sand seals if any leaks should develop. Usually
24 to 30 hours are sufficient for the kiln to cool so that all the charcoal is stone cold. If the kiln feels warm on the outside to the touch,
even to the slightest degree, it should not be opened.
OPENING.
Before lifting a kiln from its base, all sand should be brushed
away, first from, the bonnet, and then from the basal flange. If this
is not done there is danger of sand dropping onto the charcoal as
the kiln is lifted and swung away. Next the draft covers should
be removed, brushed off and placed together in a specially prepared place where they cannot become covered by sand or dirt or
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FIG.

Raising the kiln. Note pile of charcoal,

It is
from long
that one learns the imof such details. Good housekeeping around the kilns pays,
built racks or
for flue
covers, and
all tools are essential for an
Beglinger ('56) recommends
charcoal at least 48 hours,
followed by a conditioning period of 24 hours in the open or in open
sheds. He points out that spontaneous combustion may occur due
to heat generated when freshly made charcoal absorbs air. This
could only occur in large piles of charcoal where circulation is
difficult. Normally the heat would be rapidly dissipated. In bagging coal direct from the steel kiln no heating or combustion has
ever occurred. Simmons ('57) recommends that freshly bagged
charcoal should be kept under cover at the kiln site for at least
48 hI's. "to allow it to come into equilibrium with the moisture content of the air." However wise it may be to hold the charcoal for
other reasons, such as danger from "hot coal," it appears unlikely
that the moisture content of the charcoal will be influenced by that
of the air once it is sealed in tight bags. The only way it could react
would be to take on moisture from the air on a very damp rainy

