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ABSTRACT 

Shell, husk and leaf petiole ("palapa") constitute firewood from the 
coconut palm. T he energy output, E from P palms each bearing N nuts/bunch 
is E = (8.5 N + 8.4) p. Kitchen needs range from 300 MJ to 1400 MJ per month. 
Cal culations from the energy equation indicate that at least 11 coconut palms 
can meet average kitchen needs indefmitely. Leaf petioles alone from about 90 
palms can achieve same purpose. 

We are going back to firewood. Liquefied petroleum gas has become too 
expensive, and worse, it may no longer be easily available because of restriction in 
foreign exchange outflow. There are several sources of firewood. The present paper 
deals with a source that has merited hardly any attention: The coconut palm. 

While shell and husk of the "nut" are sometimes mentioned as being used for 
fuel, the petiole of the leaf ("palapa ") is more extensively employed for this 
purpose by people in coconut areas. Flower/fruit stalks, spikes, flower sheaths, 
etc. also make good fuel (Cornista, 1983). 

How firewood from the coconut compare with others of this kind is shown 
in Table 1. Coconut husk is nearly as good as, while the shell is better than the 
other listed fuewoods as far as MJ/kg are concerned. 

Table 1. Heating Value of Some Firewoods in MJ/Kg. 

Coconut husk -- - - -- - - - - - - - - - - 

Coconut shell ------- - - - - --- - - 

lpil-lpi.L common --- -- - -- - - - - - 

Ipil-Ipi.L "giant" --------------
P hilippine woods -- - - - - - - - - - - - -

14.7-17.5 ------------
23.0 -- - - -- - - - -- - ---

19.4-19.6 ------------
17.4-18.6 -------------
15.4-21.0 ------------ -

Festin, 1976; Wilson, 1930 
Paddon & Parker, 1979 
Aguilar, 1943; Wells, 1917 
Bawagan & Semana, 1976 
Aguilar, 1943; Cox, 1911 

The task set in the present study is to determine how many coconut palms, 
contributing husk, shell and petiole as firewood, can sustain a kitchen indefinitely. 

Two quantities are needed: the energy output of a coconut palm and the energy 
requirement of the kitchen. 

Energy output of a coconut palm. The biomass and associated energy from 
husk, shell and petiole are given in Table 2. Per month the coconut palm bears one 
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Table 2. Basic Data Used in Calculations 

Mass/unit (in kg) 
husk ------------------- 0.242 - - - - - - - - - - - · · · - - Hagenmaier 1980 

shell-------------------- 0.193 - · - - - - - - · - - - - - - - H agenmaier 1980 
petiole-·------------- ---- 0.5------------------ Zuniga et al. 1965 

Energy/unit (in MJ) 
husk - - - - - -·--- - - ·--· · - - 4·.05 ------------------ Festi.n 1976; Wilson 1930 

shell-------------------- 4.44------------------ Paddon and Parker 1979 

petiole ----------------- 8.4 -- --- ---- ------ -- Same value as for wood. 

LPG, assumed as c4 H10;49.6 MJ/kg Hougen eta/. 1954 
Kerosene, 42.02 MJ/kg; 41.42 MJ/L. Hougen et al. 1954 

Fuel wood assumed ave. 16.7 MJ/kg 
Fuel biomass from coconut palm, per month: one bunch of nuts and one leaf petiole. 

bunch of N nuts and sheds one leaf. The energy output, per month, of a coconut 

palm is therefore 

E = 

= 

(4.05 + 4.44) N + 8.4 

8.5 N + 8.4 in MJ/month ------- Equation 1 

The energy output of a coconut palm, as it varies with increasing number of 
nuts/bunch, is shown in chart 1. The equivalent in liters kerosene (41.4 MJ /L) and 

in wood fuel (16.7 MJ/kg) are also given. A coconut palm yielding one leaf petiole 
and a 10-nut bunch in one m onth produces 93.4 MJ of energy equivalent to 2.25 
liters of kerosene or 5.6 kg wood fueL 

Number of coconut palms which yield energy equal to one LPG tank of 11 

kg gas. 

Putting E as equal to 546 MJ (The energy in 11 kg of LPG), the value of p may be 
solved in the equation: 

E = (8.SN + 8.4) p----- Equation 2 

Chart 2 gives the calculated values of p as N varies from zero to 16. Thus when N 
is 8, p is 7. The energy value of 7 petioles and that of the husks and 

shells of 56 nuts equal the energy in one 11 kg LPG. 
Firewood requirements of a family. Evidently firewood requirements 

depends on size of family, types of food cooked, efficiency of stove, kind of fuel, 
frequency of cooking, management of fuel, etc. NEDA, as reported by PCARRD, 

states that in a survey of 23,430 households, the monthly consumption was 
22.1 kg of wood charcoal which it was stated, equal to 13.5 kg of LPG. Therefore 
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Chart 2. Number of Palms with Energy Output per Month, Equal to 1 1  Kg LPG (546 MJ), 

this amounts to 670 MJ/month . The US Academy of Science in its recent publi
cation , Firewood Crops, states that in a woodshort area such as India , the average 

user burns annually about a t1fth of a ton of wood (abou t 300 MJ/month) and as 
much as over a ton (about 1 400 MJ/mon th) in part s of Africa and Southeast Asia . 

LPG is the pre ferred fuel in cities and large towns: the consumption is about one 
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11-kg tank per month (546 MJ/month). LPG, however is an "efficient" fuel, 
since a high degree of control can be exercised in its use, by way of limiting size 
of flame, instant ignition and instant shutting off. (Compare for example, with 
use of ftrewood). 

Now, comes the question which we have sought to answer: how many coco
nut palms can supply indefmitely all the fuel needed by a kitchen? The fuel is to 
consist of husk, shell and leaf-petiole. 

Number of coconut palms to fuel a kitchen. As stated earlier several factors 
determine t he energy needs of a kitchen. Making use of the NEDA survey (670 
MJ/month), the number of coconut palms, p, may be obtained from the equation: 

670 
p 

8.5 N + 8.4 

p therefore depends also on N, the number of nuts/bunch. When N is 8, p is 9 palms. 
It is of interest to get a general picture of the situation, that is, what are the values 
of p for increasing kitchen energy demands say 300 MJ to 1400 MJ per month, 
and for increasing number of nuts per bunch? This information is obtained 
by using equation 2. Chart 3 summarizes the situation. Consider a coconut palm 
which bears an average of 8 nuts/bunch. When the husks, shells and petiole are 
used for fuel, the following values of p are obtained for selected kitchen energy 
requirements: 

E (MJ/mo.) p Remarks 

300 4 lowest, US Academy 
546 7 LPG user 
670 9 NEDA survey 
820 11 1 .S times LPG 

1400 18 highest, US Academy 

To answer the question: how many coconut palms can sustain an average kitchen 
indefinitely with fuel? The answer is at least 11. 

Coconut leaf petiole as firewood. The dried leaf petiole of the coconut 
(palapa) is more often used as fuewood t han the shell and husk of the "nut". 
This petiole was reported as weighing an average of 2 kg (Zuiliga, 1965). Losses in 
mass due to several causes and uncertainties in moisture content, leads to an ap
proximation of 0.5 kg average weight per dry petiole. Like wood, its energy value 
would then be 16.7 MJ/kg. At an energy output of 8.4 MJ/month, the energy 
associated with p palms would then be: 

E 8.4 p. 
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This relat ionship is shown in chart 4. It is indicated here that a kitchen 

tha t demands 670 MJ/month will need a grove of about 80 coconut p alms.  E ven 
if the palms do not produce fruits or in the even t that the palms are tapped for sap 
( tuba).  or if all the fru i t s  are sold . t he lc<J f-pe tioles are st U! there to provide t h e  fue l .  
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Florentino 0. Tesoro, Discussant 

Introduction 

I t  is recognized by economic planne rs that the core of economic development 
strategies fo r the fu tu re is energy.  Thus, it is fitt ing and significant  that e ne rgy is 

one of the subjec t s  p resente d in this six th annual scient ific meeting o f  the  National 
Academy l)f Science and Technology. 

The pape r of Dr . Banzon shows the pot e n t ial or coco nu t h us k .  shell a nd 

petio le  as fi rewood for domest ic use . and is the refo re relevant t o  t h e  na t ional 

economic development progrmn . 

The subject  of fi rewood or dendro-thermal energy is o n e  o f  t i l e  areas in whir:h 
FPRDl is seriously Joing R & D s t ud ies . As a m�t te r  oi' fac t in the present organ 

izational set -up o f  FPRD I ,  on e p rogram -- Tile Dcndro-Fnerg_r Program i s  c u r rently 

pursu ing resea rch pro jects on sol id .  l iquid and gaseous fue ls  from wou d .  Coconut 

lwsks.  shells and pet i l'le arc inc luded in our researc h  p ru jects .  

FPRDI cont rib u tions to the pape r of Dr .  Banzon a re focussed : fus t .  on some 

J ssu m p t ions and rel ate them to in format ion avaib bk frum o t her  sou rces. We 

would .  in a dd it ion , l i ke to highl igh t t he in fluence of moisture cnntent on the calo ri

f -ic value o f  wood or biomass bec:wse tircwoud is being used with LT rta in mois ture 
c ontent a n d  nc1·a wirli zero moisturt· con te n t . Since t h e  caloriflc value llf wood is 
given on the o vcn-dtT basis, such valu e  has to be co rrected fo r t h e  in l lucnn •  o f  
mois t u re L' l lnten t in  act u al use which in ou r view i s  a b as iL· c o nsidera t ion. 

i\. O 'conut Palm As f:ncrgl' Source 
If we gr;.�ph t h e  gro wth of fo rest t rees , in c l u d i ng c o c o n u t  t rees ,  with the 

l l rdin ate as rare of growth and the absc issa numba of l ·cars .  we ·,·omc up w i t h  a 

:; igmoid curve, rep resen ting a slow sta r t ful lowed by <I ll inc reasing g row th . t h e n  a 

decl inl' a t  l l id  agl' Fin;.�ll y .  t h e  trl' L' d ies .  Such gro w t h  pa t te rn .  h t l \WI'l'r.  is m tlucnced 

by �o i l  fe r t il i ty  and cl imat ic con d i t ions.  

In Lag u n a .  fanners  a 1 c  able to ln rvest  C lH .:o n u t  fr u i t s  cvcrv -t<; d ay s  bt• ca u sc of 

t h e  favorable cli mate and relat ively fe r t ile soil . Bu t ,  in  the  Visayas. par t ic ula rly in 
Ct:'bu prov ince ,  h a rve s t ing of cocunu t fru i t s  every 2 t o  3 mon t hs is a commo11 

prac t i ce .  
Ti tus .  in l'S t ima t i ng t i le pntent ial contribu tion o f  coconut  t rees to t h e  overall 

firewood supply , we suggest t hat a comprehensive st u dy be undert:Jkcn fo r the 

coconut  producing p rovinces to :.�cc oun t  fo r t he in Ouence of St1il ty pe and c l imat ic 

type as weJI as t h e  influence of age of t h e  t ree  during its productive period . All 

these relevan t  facts would l end support to t h e  presen t  paper. 

B.  Firewood Requirements of a Fami�v in the Philippines 

We fully agree with the author that firewood requirements depends on size of 
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family, types of food cooked, efficiency of stove, kind of fuel, frequency of 
cooking, management of fuel and others. We could not reconcile, however the cited 
figures of 6 70 MJ /month/family with the figures in the report of Eric L. Hyman 
entitled "Wood As an Energy Source for the Philippines" presented at the 28th 

atural Resources Management Forum on February 19, 1981 at the U.P. Asian 
Institute of Tourism (AIT) House, Dillman, Quezon City. The figures cited by 
Hyman on woodfuels consumption range from one-half to one cubic meter per 

person per year. Hyman cited Van Den Beldt's (1983 - personal communication) 
figure of 5 cubic meters per year for Philippine family of five. Knowland and Ulinski 
give figures for selected Asian Countries in 1976, as follows: 

Fuelwood Consumption in Selected Asian Countries in 1976 

Per Capita Official Per Capita 
Commercial Woodfuel Official 

Energy Consumption Wood fuel 
Consumption (1000 m) Consumption 

(kg coal (kg coal 
Country Equivalent) Equivalent) 

Philippines 329 22,960 226 

Burma 49 19,6::.1 273 

India 218 118,179 83 

Indonesia 218 111,708 360 

Nepal 11 8,700 291 

South Korea 1,020 7,350 91 

Thailand 308 16,091 160 

Malaysia 578 5,613 195 

Source: Knowland and Ulinski 1979, Appendix I 

Wood fu el 
as Percent 

of Total 
Energy 

41* 

85 

28 

62 

96 

8 

34 

25 

*TI1is number was erroneously listed as 0.41 in the source and error was duplicated in U.S. 

Interagency Task Force (1980) 

(Taken from: Eric L. Hyman. 1981. Wood As An Energy Source for the Philippines, p. 31) ) 

If the 5 cu.m. fuelwood per year for Philippine family of five is used in the 
estimate for "P" (no husk and shells), the figure of 80 obtained in the estimate 
could easily double to 160. 

With reference to our work at FPRDI on stove designs and efficiency, we 
would like to cite the following results. 

In a report (PCARRD-IBRD 5.4 entitled 'Development of Efficient House
hold Fuelwood Stove) submitted by Estudillo and Toroy to PCARRD in 1982, 
actual experiments on the efficiency of different stove models were carried out. 
Based on the findings (page 50), a two-burner concrete stove consumed 0.900 kg 
(oven-dry weight) of fuelwood (ipil-ipil) to cook 1.10 kg. rice, 0.454 kg chicken, 

0.200 kg vegetables and 0.800 liter water. From this information, 81.0 kg fuel-
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wood would be consumed by family cooking three times a day for 30 days. The 
total energy consumption, therefore is 1352.7 MJ/mo. (16.7 MJ/kg fuelwood) 
which is twice the 670 MJ/month. 

C. Influence of Moisture Content on Heating/Calorific Values. 

The calorific values for coconut husk, shell and petiole as given in the report 
are based on moisture-free materials. As such, they are higher than the calorific 
vrJues of air··dried materials which may contain 16 - 20% moisture. It is alright in 
the .;ase af kerosene and LPG because they are practically moisture-free -for which 
the calorific values used do not need any correction. 

Water adds to the weight of the material without increasing its calorific value 
and it takes energy to vaporize the water. Water also effects the ignition properties 
and efficiency of combustion. For example, oven-dry wood (zero MC) may have 
15% more heat value than air-dry wood (12-20% MC) and 50% more than green 
wood (50-100% MC). 

The effect of moisture is reflected in the following formulae for net heating 
value (NHV) of wood (Stephenson, J. Newell (Ed. Chief) 1955. Auxilliary Paper 
Mill Equipment, Vol. 4, First Edition. In Pulp and Paper Manufacture, McGraw 
Hill Book Company, Inc., New York p. 489): 

NHV=HHV(l- MC) -MC X 1053 

NHV is the Net Heating Value in BTU/lb. 
HHV is the higher Heating Value in BTU/lb, oven-dry basis 
MC is the moisture content 
(1-MC) - This represents the moisture-free wood or biomass. 
MC X 1053 - This represents the loss due to heat of evaporation of 

moisture. 

It is therefor;, appropriate that the Net Heating value which varies inversely 
with moisture content, should be used instead of HHV. Thus, equations 1 & 2 will 
be affected. Overall, the use of Net Heating Value will increase the value of "P". 
The lower combustion efficiency in the case of husk, shell and petiole as compared 
to LPG and kerosene has to be accounted for in the equations, which will further 
increase "P". Such corrections, if accounted for, will alter charts 1, 2, 3, and 4. 

Closing Remarks 

In closing, we would like to thank NAST, specially Dr. Tito Mijares and the 
organizers of this scientific seminar, for inviting me and Dr. Pancracio V. Bawagan 
as discussants to the paper of Dr. Julian Banzon. Dr. Bawagan could not attend 
today's seminar because of prior appointment and besides we would be presenting 
the same views. We sincerely hope that the facts we presented here would be viewed 
as a contribution for the sake of science and never intended to contradict the views 
of the author, who we respect very much as a person and as a professor. 






