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MEMORANDUM
 

TO: See Distribution 

FROM: AFR/DR/SDP, Mark Ward 

SUBJECT: Ghana Pyrolytic Conversion Project (693-0135) 

Attached for your review and records is the Project Completion Report 
for a project carried on in Ghana 1978-1930 to tet a facility for the 
pyrolytic conversion of sawmill waste products into fuel. The project 
and its results to date leave doubts as to the techrical , economic and 
institutional viability of the installation which ."'1designed all- tested. 
Considerable caution is indicated for those contc2pleting similar experiences. 

Attachment 

lISAI D/Ghana 
AFR/CWA, 1) Walsh 

,,
S&T/ I)I 

ST/EY, P. Koshel 
AifR/DPPP[A/E, II. Miles 
AII/DR , G. Rublee 
AGR/II]/CC11AP, J. Charette 



Project Completion Report
 
Pyrolysis Demonstration Project(698-0135)
 

1. 	Summary of services performed and goods furnished by major
 

Project component by contributor:
 

(a) 	AID- under a contract with the Georgia Institute of
 

Technology (GIT), techni_'al assistance, basic converter
 

component parts and the final project report were pre­

pared in accordance with the Project Agreement.
 

(b) Government of Ghana-through the Bank of Ghana, the
 

Building and Road Research Institute (BRRI) and the
 

Technical Consultancy Center (TCC) of the University
 

of Science and Technology provided local cost financing
 

for technical assistance, design, planning and con­

struction testing and operation of four pyrolytic
 

Converters in accordance with the approved Project
 

Agreemeit.
 

2. 	Status of completion of Project elements involving con­

struction, import of materials and supplies and technical
 

assistance. All project elements have been completed.
 

3. 	Summary of project accomplishments- The activity was 

funded from Project Development Support. There Is there­

fon! no Project Paper. Project accompli:;hments are listed 

below in terms of the anticipar.ed end of project results 
listed in USAID/Ghana P"roject Agreement No. 624-7844 

dated July 28, 1977:
 
(a) 	Demonstrat ion o thei economtc :,, hi,1. t of pyrolytic 

conyver. ioi In Gh.n|t;.
 

Economic ,: idbt iItynor. ,_t;thlt,.heni. "
, th,, (;IT 

Final 1{,:porc "Pyrol ttc Cnvr,ion of Wa :t.,. Materialr,: 

Demon;Ltrartion in Gh.ana", I n, " o;r'-..0 Vctnol ogy,t ,f , 
Octobe I 981 'nder orpa AI b/AF!.-')- , red ,nt ra( t , 

Governm.nL of (;hanvt r, pn (Annex 1) ind AI)/W 

comiinnL ,i ( Anitx '), 

http:Governm.nL
http:anticipar.ed


(b) 	The development of a pyrolytic system design that will
 
be available for use in Ghana and other countries.
 

System designed and constructed, modified and tested
 
with resulting production of usable char and oils
 
from agricultui-al and sawmill waste materials.
 

(c) 	Information on the feasibility and problems of the
 
building of pyrolytic equipment by local manufac­
turers ind its operation by local labor.
 

Information contained in the GIT Final Report.
 

(d) 	Valuable technical daLa on the operation of a pyrolysis
 
system.
 

Covered extensively in the GIT Final Report
 
and 	Go'.ernment of Ghana comments.
 

(e) 	Guidelines on the requirements for successful pyro­

lytic conversion technology and operation.
 

Provided in part by GIT,see Annex 2.
 

(f) 	Data available on the extended use of pyrolysis.
 

Contained in GIT FinaL Report and available
 
from BRRI.
 

4. 	Further inputs into project tQ be provided by others and
 
expvted completion, of such input.
 

No further AID is necessary. BRRI is providing 
labor, supervisory a.;sistance and basic waste 
materials to operate the convercers.
 

5. 	Recommendat ton; on ext,nt and period of further monitoring 
and reporting and on further project evaluation required, 
with special attention Lo aly colditio!., or covenants 
included in Projecct Agre ,nt 

(a) 	No, lurch,," mnnitortnv, requi£red, 

(b) 	ProJ,,Cti ,gr.r.m 't d , f hay, coventtnci or conditions 
which ,',pi Ir, f r h,.r mh.i r I ,. 

(c) 	Altholigh tho pro1J,'ct h'. h,,n co,l, etd, :,rtain 
qutlr",i,)n 1.1; ) th, *, j j. 1d vi­,nd 	,conOmlc 
abi lity ,! th, t,Chn IO).y i :-. r ,(d a n oh, ¢urt, 
4i t l II A1'f1O I 1ti t I,In~ 1t 1ft1 1 nu i t-!- I, I t()-x~ 
u Xp t r I'nI I W t111 1)y .o IY f. I IVV 1, 11 t Io 11 gy 
in t11- or ,thr pro j,, -'. tt y :/ ,1ld tI'i.¢r 1ei,ona. 
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Annexes
 

Comments on GIT Final Report prepared by the Government
1. 
of Ghana Building and Road Research Institute, University
 

P.O. 	Box 40, Kumasi, Ghana, August 1981.
 

Demonstration
2. "Pyrolytic Conversion of Waste Materials: 

in Ghana" Africa Bureau observations on the project.
 

cc:
 
USAID/Ghana- 10 cc 
Ghana Desk, AFR/CWA 
Development Information Center, S&T/DIU 
SDP projc',t file (698-0135) 
Pat Koshel, S&T/EY 
H. Miles, AFR/DP/PPEA/E
 
G. Rubiee, AFR/DR
 
Ghana Projects Officer, AFR/DR/CCWAP
 

Prepared by: USAID/GIANA and AFR/DR/SDP 

Issued: July 23, 1982 



-ANNEX 

MINISTRY OF-FINA&CE AND ECONOMIC PLANNING 

em" of ;1y.'p P.O. BOX M. 4o 
z ou~db quj.tgt.ACCRA­

£&/.?-W-Z1L,24/PR 26 
r- W.x-. REPUBLIC OF C,,ANA .Sepmberb.81 

Dear Sir,
 

PYROLYTIC CONVERSTON OF WASTE
 
MATERIdLS DENONSTfThTION IN GHA-NA 

I forward horowith two copies of' GhanaGovernmont's commento on "Pyrolytic Convrsio,

of' wosto matorial. Demonstration in Chan&rY 
requoetod by you. 

I wish to apologioo for the delay iWn,'h 
ubmission or our commoets. 

Yours faithfulliff,RECEIV OD 

[ 2 SEV 1J8 1
 
u!AD/;At1A,-- ,,, I- ' AG. PR NCIPAL SE RtRU(S. P. AGYIAnK 

THE DIRECTOiR, 
USAID MIISSION, 
ACCnA. 

(Attn, Mr. Gorold Zorr) Oer o
1 d,.. DA­

cw~r. 



DBMONSTRATION PIOJECT
 

PYhOLYTIC C0NVZ:&QION OF WASTE IATLRIALS 

COMIMNTS ON RLPORT BY 

NALVAR F.J., JACOBSONv F.J., KUVAC, Ri.J. and YEBOAH, K.A.­

"PYROLYTIC CONV-LISION OF WASTL MAMMIALS: 

DEM1ONSTR&,TION IN GHAUAtl 

Prepaxed for 	 the 'Ministry of Pinanos and Lodnomic 
Planning, Ghana 

BY 

BVILDIN~s AND ROAD IUSEARfCH I\'STI'UTE, (CSzIR)
 
U:;IV.RZITY P. 0. BOX 410
 

KUMAR.I - HAVA
 



1. INTRODUCTION
 

A Demonstration Plant for the Pyrolysis 
of Woodwaste has
been installed at 
the Fumesua (near kumasi) site of the

Building and Road Research Institute (2iiRI) since 1980,

through a co-operation programme between the Ministry ofFinance and Economic Planning, Ghana and the U'LID 
Aission,

Ghana. 
The Bank of Ghana provided funds for local
 
expenditure whilst USAID provided technical 
services and
related foreign exchange component of the Project. 
 The
 
technical services 
were provided *throuth the Georgia

Institute of Technology (GIT) U.S.A. which supplied 
the

preliminary designs of the plant. 
 The Georgia Institute

of Teqhnology also collaborated w.th the 
Techz,3logy Consultancy
Centre (TCC) of 
the University of Science and Technology,
Kumasi and thG Building and Road Research Institute (BRilI)
in the fabrication, assenbly, testing and modification of

the plant items from 1978 through 1980. 
 The Georgia Institute
of Technology and the B.R.R.I. continued with the training

4f personnel and the preparation of operating and maintenance
manuals for the plant. 
The complete plant was installed at
?utmeaua in 1980 and the final performance testing of theplant was done by two engineure from the Goorgia Institute
of Technology and B.R.R.I. staff, which included two )ninoora.Ze Building and Road Reeoarch Inatituto nan been rr:aponsiblo
'fjr runn.n the plant since then, with the objective of"improving the 
procooe prior 
to making the technoloey available
 
for oommorcial 
 una in Ghana,
 

Vollowing the final performanco teotine cf the plant, theGIT team and the B.h.h,1. oneinoor have produced a roportentitled "Pyrolytic Conversion of Waste Matralai Demonritration 
in Ghana" (F.Jo Malvar, J.?. Jacobson, RJ. Kovrc andK.A, Yeboah) - October, 1980. The report nan bomn ituli,,d
by the 3ullding and Road Resoearch Inhtituto and this not,)
su azisoa the Insa-itutel oo:',ents, 
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t'ot Aspct oftk0Pyoyss 


40 vaiablit th bo'dioforan40Wate ta 

(I)Dwlin considerations, ProcessDescriptioni and 
10rication Data of the Plant# 

(iv)opo.ating andM aintenance M'anual for the Eyro1yss Plants., 
(T) Preliminary Doouomc Analysis 

-(vi) -Proposals for the 1P'oytio Convvrtvr 3ocial 
Boun4ness Analysis.
 

++++++,+++++++.++++++,,++,.....,.............+,++++++++,+
++ ...............................
:++?,+,+_++++++
As pr~aviously mentioned a sction of the rayart indicates 
that sawdust which was the first za~or waste matarila planned 
for the coozeuten, presented soxious handlingi problems in 

thesovoror, he rosson.given~ v~ ILt Us1 sawdust used as 

teed lu Ghacnasmuch fLue: and denser tkan that used4 to test 
the prolA" converte in the V.3. The trial olys~i n 

the :eacot, a was th weoupon whc eot Val based$ 

+ aoiore rtadily +ayilable than,i.+ in Ohe.na : 

wood~vinso hichareobts.Lablie In law~e quantiie in 
44 .. . f l~fMir~ timeaotowied:whretfunture, or othow apootal wood4 4 

~ p: in made, 3eieup oodshavinaa' Ourrntly0sold4roducots ai 

the p7relytic dovre o&a-&l 90u~ool ads44 +
4,+4V44 Ktbe+,.+++ + ++ t tbt+ +it4C* t+ZhtiUC0+++:.+'++2;'+ :4444:4..44 '+++++++,'++++++++4eb.,,,++ a4 ,+++ju++ .- *+++*1 Iha-i+++ 444.4-4-Wh the a$*' problem encountered was- tt. very poor*4rn 44.n,
 

++ + '+ '++ +
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......... ,o+..
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++ + ++ + +++++ ++ 4 4:4444[444++.44-4:4-,,+ + 44+44m..j: + + O.,.4++I'II:4 ~li I 4l~ 4I 4ll44I-4: +.poratlon for Idhous (two shifts) a day# tho two Arion can :. 44 +++i++Zi ++?V ++++..+ ++i7) y ]+ ++ ,4+ +.+++ +++;p+., ++ -++++4>+ '++'++,.Ii+44 ,+:++++. ++++++>+,.+ 4-44-4-+ + )++++ +;++" " 

:44 ; -4444 -< +++ + m+ +j'+"++1+4 ++#+++i++ +# +'++ '+ '+++j '!+:4 ! + + + ++'+ +++;JP 444:4 4 :++"] j'j++++ .4 + :4+ ++ ' i ++'+'+ 

:4whils$thgie converters reuire a total of 160 sacs of sawdust
:44 +.+ 4 4~m ,o.,,,.+m +. +:,+,,.~ ,. + .i,!,m :+++,+:,+ ..


44'
4 4each + ++ day. + + +++ ++++ + +++ + +idrier'aM+j++++ ++atmoinau 4. . 
4ft,4 kerosene ++4:44 ++i++ ++++ ++ ++++ +++1 +++ 4'ing. produce'4++ 44:.....44...44 4 .............
: ......:44 

-4~-- Only'a adWIttOUa113 sacks Of 41 foed Aay# The Poor4 
,;.m,.4,4 

44 , i++ ]++i++4-4,II44 :4-4 4:44- 4I+ +I+ ++:++f; +I~k i:+-the sawdust,i]ii ' :IL +I<+ .+I] Iwich'silows:1'J+i~ ~ 4: 
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Idistribute hot gas#$ More evenly in the bed of szwdusto 
The use of a larte enclosed solar drier ow a simple 
fluidised bad drier may alsobo investigated. 

Inthe cost calculations tow opirating and maizteuance 
Table 5.2b itisnot indicated whotior a 5-day .or 7-day 
working weak was considered. Hiowever, the assumption that­
the plant runs 310 dqu year i~ndicates that either the. 
plant is assumed to run for 6 days each week the whiole year 
(Loos except Sundays) or Itruns 7 days each week tor about 
10* months# with about 1* mnuths deoeted for routine naintenano 
and repairs. 

The length of the working week needs to be speoitiod 
since in Ghana a 5-dalvorkins week is gar.,n1l used# whilat 
awarieri Uetitled to overtize claims which arse often over 

five times hi. daily wage ifhe works on Saturday or Sunday# 
Itisalsuo worth mentioning that since the publication 

t the zeport, the minimum daily wage in Ohans, has been 
Increased from t5,00 to 012#00 (over 10C% Increase) whilst 
the price of oil ad char did not rise inmuch. The profit­
bility of pocess has bodA distorted itsa result# which calls 

* . for a review of the opera"in and maintns cosots* 

21 appears from the east calculation for raw materials 
(Table 592c) that it was Assumed a truck would be hired each 
working day to bring just engh feed for the Iwa shilte In,
the day (lost j truck load per day). This would be Uhlkf 
unedomomiemi,. Soeverl Uit Isi assumed that the voturn trip 
from the sawmill to the plant site is 11 vils., a tippoA truck 
may make 10 ntn trips a day# Thke plant wouldre~tui a" 
total of About 210 tuek leads of feed for 110 working d a 
insaYear. Tis "adede the truck may be hined r a to 

ofonly 21 daYe for the #0112# roir or for a maXIBa of only
3 days 'each month* This auasgoua iold bring dow te oost 
of trA&4pom'sLAto f the 'toed to cmlr 1C% of ths, value oxiginally \ 

the datly-costfor truekhige bAs alg 01pgn shasl, aimee 
the report WISISiiurmally about$ 40.00 WIeUdt 

<fuel a" othiarelated met, 



Calculation of Net Present Value
 
___________3*3 

show errors
Plant as presented in Tables 5 3 5.4 '1,d 5.5 
value 

which give the impruusiol that both operati4, costs and 

of outputs are progressively doubled from~ year to year, 
Tho 

corrected fi1 urs are presentatd in Tables 1, 2, and 3 in the 

Appendix.
 

4. ConolusLion 

The repo:t "Pyolytic Donversion of Waste Mateialsi 

and Yeboah)Demonstration in Ghana" (Malvar, Jaoobson, Covca 


essentially provides considerable baokground 
inforzation, and
 

design duta on the Pyrolysis DomonstrLtion 
Plant. The plant
 

fom both teohnical and economic points 
of
 

was evalusted, ± 


vi, using results - hour performanO test runs on wood-


The preliminary
shavings, and sometimen, desidn yields@ 


evaluationindiaatod a promising future of pyrolysi of 

a feasible alturnative enordy source for 
Ghana. 

woodshavinge am 


Sowever, a few modifications tothe plant 
may bo nooessZ'y
 

if sawdust is to be dried and pyrolysed 
satisfactorily,
 

In addition, a review of the economics of 
the ;rooes based
 

on observed capabilities of the plant 
and curront cocta need
 

The Building amd Road Research Znstitute 
is to
 

to be done. 


handle these asaignmontse
 / 



APPENDIX 

LF 5.3KhTABLE 1: CORHtZCTED VIlLiSi. O 

CALCULATIO-.L .:; U 
klhEDI_2)
 

Year 3 Year 4
b~trt-up Year 1 Year 

Cost Component
 

Investment
 

10,000
Land 

169,416
Materials 


52,219
Labour 


Operating and
 
Maintenance Materials 

I. Consumables ** a. Fuel ,5 30,294 45,441 50,588I'a,147b. Flectrlcity 

2, Replacements
 
4,80 9,600 14,4(00 19,200
 

a. Parts & Supplies 

- 228,000
57,000 114,00 171 ,000 


Labour 


;ncidental3
 

9. Transport to
 C 00 0

Markets 


Raw Materials
 
87,732
121,933 243';e66 365 


Feedstook 


397,76C 596,640 795,520

231,971 19U,560
TOTAL COSTS 


Benefit Componont 

Valuu of Outputs
 
37Q,662 506,216
126,554 253,108


1. oil 

C 1,116,000279,000 558,000 ,O0 

2. Chir 
3. Ltj 

ocrap /1U'2i of 
P11n t 

lou I t 216,66 1,1 , 26
n/A -105,551 U11,,T0AL.IP 


NET M:ANII MIINA 
13,9 3,4,.0,64 2, :6 696 

-1 971U 11;By~dS 


NEfT 1U04M1T tRL:') 5975 
59-1 #.

TAL 



TABLE 2 
COR-',R VERSION Oil TADLE 5.4 

CALCULATION OF NET ?'EISENT VI.LUL 7OR 
PRIVATE ENTERPRISE 

Start-up Year 1 Yea 2 Year 3 Year 4 

t Cost ComonenitI 

Investment
 

Land -
Materials 5911e6
 

Labor 15,479
 

operating anid Maint. 
ZwMateials
 
1, Oonsumables
 

at, aael* ***
 

p 

b. .eet:ioLty 15147 30,294 45,441 60;588 

2. Replaocement& 
a. Parts and Sppyl a ,800 9,600 14,400 19,200 

Labor 37,000 1144OOC 171,0000 228,000 
91
Incidentals 

le Transpe to Markets 0 0 0 0 
-..- ~4­- -' Raw Materials 

.eeds.took 0 0 00 

OTL 008TS 74,665 76,947 153,94 230,041 307,88 

Benefit Oomonhnt 

ValuQe of Output$d 
1. Oil 126o534 I53,10S 3p9j662 216 

2s Char 279,o0 W8,O00 637,000 *1,11,00 

).Gas * *gI + .
 

scrap Valuae of Plant *
 

TOTAL 3UVZI u/ 40#,554 811,108 '1,216,612 ,6 216 

MAMA1%e+ goi S 
UIT,6 -74465 328,607 6570124 96,61 4'314A428 

VALUI0129 3
 



- I1 
--- - ---- - -­ -

COR1KiOM~ LpO OF T'A0L1 5. 

LU1B ?024CULATION RF rPRB~ 0L1A-

Year 1 Yoar 2 Your Yea4 
mwStart-nD 

Co:,t, oneat 

Land 10,000 
Materials 59,186
 

Labor 15,479
 
.inteance
operating and 

Materials
 

1, Consumables
 

a. Fuel ** 

b, Ile!trioity 75.147 30,294 45,441 60t5O8
 

2. Replacemente 
4,800 9,600 14,400 19,200a. Prts and Supplies 

Labor 


Incidentals
 

1. Txanort to t" 

Raw Materils 

Yeedstook 

TOTAL COSTS 
4 

Value of Outputs 

It 0il 

2. Char 


3Gas 

scrap Value of Plaut 

13Mm (MAN)
10mL NI"! 

53, AUVLL 90itVAL
 
33111 


57,00 114,000 171,o00 228,000 

0 0 0 0 

1 

64,665 

1210933 

19,,UO 

2430366 

M97,76O 

365,799 

596,S40 

48032 

795,020 

200tiN 
279o,0 

* 

4019600 
556,000 

6020400 
b37t000 

603,200 
1,116,000 

0 

n/a 479#8 9194600 1,439,4O 1,919t20 

p44t66$ 280,,9 5714640 442076 It~Ia,6#0 
Ii!):
VA3 



,~. "' ________ _ _____ ANNEX 2 ._ _ _ 

~JUL 2 7 1982 
MEMORANDUM 

TO: Distribution 

FROM: Mr. JohnD Blumgart lil 

SUBJECT: Pyrolytic Conversion of Waste Materials: 
Demonstration in Ghana 

The attached report, published in October 1981, describes an 
AID-financed pilot project carried out in Ghana to design,
build, .test and evaLuate a small-scale pyrolytic converter 
system to produce char, pyrolytic oil and gas from sawmill 
waste. The technical and economic lessons of this pilot
 
project are, however, not conclusive.
 

Many problems plagued the construction and testing of the
 
system from its conception. The design of the system had
 
to be modified and adapted substantiatl yduring the project's 
life. This, added to the scarcity or absence of parts,
 
equipment, and lack of adequate transportation in the country
 
made the pyrolysis project a great deal more difficult and
 
expensive than wab initially estimated.
 

After two years of development work by the Technology Consul­
tancy Center (TCC) of the University of Science and Technology 
in Kumasi, Ghana with assistance from the Georgia Institute 
of Technology the pyrolytic converter plant performance was 
raised to near the expected level and was turned over to the 
Building and Roads Research Institute (BRRI) in August 1980. 
However, TCC reported in April 1982 that during the previous
9 months the plant had been used only from time to time as 
the market for the fuel oil is limited. 

Experience has shown the technology of the GIT pyrolysi s p lant 
to be too labor intensive. Ghana ian labor is expensive and 
becominr steadily more so. The plant also requires fine 
tuning by manual controls which demand a hi h degree of skill 
on the part of the plant supervisor. Technical problem.
persist, particularly with sawduit drying and feeding mech­
anisms. 

The project was designed primarily as a technology demon­
scracion, Its economic aspects are however, of limited value 
iLnly because the project was not designed to meet a defined 

market need, The economic attractiveness of pyrolysis, or any 
other biomass conversion technologyl must be seen in terms of 
a market. Oncea market share' for a particular form of energy 
can be characterised then there are usually several conversion 
technologies which canmeet that markat need. The choice is 

5, I , '*, S 5+. +5, 



determined by the availability of resources. Other constraints
 
such as social, political and manpower availability also are
 
major influences on the decision. 
One lesson to be learned
 
from this pilot project is that markets and resources should
 
be thorcughly examined before selecting the appropriate
 
conversion technology.
 

Further testing in a developing country of the marketing,
 
management and technology aspects of pyrolytic conversion,
 
preferably with the involvement of incentive-drive, private

enterprise in a developing country could yield more generally

usable conclusions. We would be interested in any information
 
or views which addressees may care to provide in tiis regard.
 

Please write:
 

1. 	Energy Advisor, AFR/TR/SDP
 
Bureau for Africa
 
Agency for International Development
 
Washington, D.C. 20523
 

2. 	Technical Consultancy Centre
 
University of Science and Technology
 
University Post Office
 
Kumasi
 
Ghana, West Africa
 

Distribution: (1 copy):
 

All AFR Energy Officers
 
AFR/CWA, Ghana Desk
 
PPC/E, M. Hageboeck
 
PPC/EY, S. Klein
 
S&T/EY, P. Koshel
 
S&T/EY, P. Weatherly 
ASLA/TR, R. Ichord 
LAC/DR, C. Duisberg 
NE/TECH, B. leyman
AID Development Information Unit 
SI)P Project file (698-0135) 
CDA Energy Committee members 


