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1 • 0. INTRCDUCT!OO 

This mission, DP/URT/78/019/11-54 is the result of recaniendations made 

at the conclusion of a previous UNIDO Mission DP/URT/78/019/11 .89 in which 

the Tanzania Industrial Research and Develoµnent Organisation (TIRI:O) sent 

~ of its engineers to the Institute for Industrial Research and Sta."rlards 

in Dublin, Ireland fo!' training in Energy Conservation theory and techniques. 

They then returned to carry out Energy Audi ts in Tanzania along with a 

UNIDO/IIRS energy e"<J)ert. 

The purpose of the current mission was to extend their trairing and work 

experience into more detailed Energy Surveys, to include cost benefit analyses, 
costing techniques and engineering sketches of propos~ energy saving plant 
refurbisl'lllent projects. 

Two UNIOO/IIRS energy experts CCll11lenCed the 5 week mission in May 1983 

and audits of four canpanies were carrj ed. cut. It ":ad originall~: ~~ 

intended to carryout audits of six canpanies but, due to production difficulties 

in sane of the ccmpanies and time limitations on the mission, it was agreed to 
concentrate on four canpanies. 
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2.0. Detailed Energy Audits 

2.i. Description 

This series of energy audits was carried out in greater detail 

than has ~:..-eviously been the case in Tanzania. In the previous case 

a hcilf day or one day visit was paid to the canpany by the three team 

menbe!'s, around t:w further days were spent in preparing the repo~t 

which dealt with the overall energy situation in the canpany. 

In the present case up to three or m::>re days were spent on site 

by the five team members and a furJler five or six days \rJeI'e spent 

preparing t.he report. The areas of major energy saving potential were 

exanined in detail incll.ki.ing ta.ting measureme."lts and recordings . 

In many cases detailed discussions were held with technical 

Management concE:rr'.ing both their problems and the te~ ' idea.s. 

Detailed calculations were carried out on the energy redu.:tion 

potential of the var:ous projE'\.:ts proposed including the resulting 

financial savings ar.~ the costs of the supply and installation of the 
necessazy equipnent. 

Illustrative engineering sketches were provided in inany cases 

in order to assist the canpany•s staff to assess the possibility of 

carrying out the refurbistnent \llOrk themselves. 

A simple f onn of final'Y.:ial appraisal was enployed to indicate to 

the canpanies the rapid return on investment that would be provided by 

virtually all the projects recannended. 

Finally each repor;: included a section on the monitoring of 
energy. perfonaance within the canpany. 'Ibis system gives management 

an early warning of any reduction in energy efficiency and enables 

early corrective action to be taken. 
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2 .2. Ger.eral 51...--:T.:a..""'1 of 1esults 

To~al ,qi.nua.J.. fuel Bill cf Audited C.:rnpanies: T.Sh. 14,30i ,926/-

Approximate Sxcha~ge rate applicable during f:e:i 7isits: 

Item I Annual Estimated I Savings as Annual 
Potential Cost % of Total Fuel Savings in 
Savings litres of 

fuel 0::.1 

T.Sh T.Sh. 

Install 1,227,CXX) 910,CXX) 8.6% 421,(XX) 
Insulation 

Improve 892,750 510,650 6.2% 305,261 
Mz.intenance 
and Boilerhouse 
Practice 

Heat 2,9CCC,,JOO 3,:-Jco,c~J.'J 19% 1 ,010,(XX) 
Recovery 
Projects 

Power 118,800 68,800 - -
Factor 
Improvenent 

Figure 1. Sunnarised Fin:iings of Audit Team 

A sumia..ry of the findings in the individual canpanies appears in 
Annex 2. 
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2.2.1. Insulation 

There was little or r.o insulation in any of the si~es visited. 

The reason for this appears to be the difficult'f in obtaining suita!:)le 

insulation fran cbroad rather than any lack of knowledge on the pa:-t 

0f management. The losses due to lack of insulation amounted 8 .6% 

of the fuel bill or the four canpanies visited. The payback pcrioo 

fer the installation of insulation was invariably one year or less. 

'Ibe savings '.V'Ould be reflected Lri lower foreign imports of crude oil 

and the amount '~tiid be significant if the finrlings -were extended to 

industry throughout Tenzania. A ha!le manufac~ured insulation 

material if it w-ere available wul.d inmediately solve the problens 

of foreign exchange i"!or insulation, provide a new industry and reduce 

oil imports nationwide. 'Ibis is considered further in Section 5. 

2.2.2. Maintenance 

Another are"l of e:1ergy loss found by the audit t~am resulted 

fror. maintenance problrntS. In many cases steam supplies cculd not 

be shut off, leaks could not be repaired and control equi?JtO.nt could 

not be rectified due to a Lack of both expertise and rr.aterials. 

A i:x~· level of bo:.ler house management was apparent. Burners 

were sanetimes out o'? aejustment, co:ltrols were manual rather thai1 

autanatic and there was a virtually canplete lack of appreciation of 

the importance of ~JOiler feedwciter treatment. 'Ibis was emphasised 

by the fact that tt.ree of the six boilers ey.amined in the Dar es Salaam 

region were out cf order due to water corrosion problems. 'Ibe 

energy losses associa.ted wi. th these and other maintena"lCe problens 

represent 6 .2% of the fuE!l used in the participating canpanies. An 

approach to ::;olving these problems is discussed in Section 5. 

2.2.3. Heat Recovery Projects 

A nunber of heat re:overy projects were identified, the largest 

resulting in savings worth around 2. 7m/-. Unfortunately almost all 

of the cost associated ;;ith these projects woulct. be in the forri.: of 

foreign exchange. 

~ .2 .4. Po#er Factor Improvenwmts 

Despite the exist nee of regulations to the contrary, sane plants 

wel"f: fourxl to have vr:ry lCM poi.-~ factors. It jc; not appreciated by 
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industry that the Tanzani~ Electric Suppiy Canpany's (TANESCO) tariff 

includes an inherent penalty for a lcwr pow-::>J factor. This penalty was 

evaluated for the individual canpanies along •.vi.th the costs of 

improving the power factor. It is recannended that TANESCO -;; 1.;.:::..::2:.:e 
the existence of this inherent charge in their billing system. 
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Training ana Work ~x~erience 

The purpose of this mission vas to extend the training alread.:i· 

received by the -cvo TIRDO engir..eers, in the subjects of Energ:: 

Conservation and Plant Refu!"bishment to a level that vould enable 

detailed Energy/Audits to be carried out by the TIRDO Energy Unit. 

A third member of the TIRDO engineering staff vas ir..cluded in 

the audit team during this tr~ining period, as vell as an obs~rver 

from the Ministry of Industry. 

3.1 Scope of Training 

Four plants vere selected for auditing during this mission, 

details of these audits may be found in Section 2.0 and Annex 2 

of this report. 

In the time available it va.s not possible to cover every aspect 

or tecr.niQue related t,o such audi~3. Instead aspects which are 

particularly relevant to the conditions and reqllirements of 

industry in Tanzania were emphasized. These subjects can be broadly 

classified as follows:-

Boiler House 

General layont and sizing of major plant. 

Water treatment. 

Boiler /Burner condition. 

Combustion efficiency. 

Operational schedules and aspects of 

routine maintenance. 

Steam System 

Correct installations and specifications 

for equipment. 

Ins·Ll.lation of pipework and valves. 

Proce~s Plant and Equipment 

Operational schedules for equipment and maintenance. 

Insulation of plant. 

Heat recovery projects. 



I Electrical Systems 

Pove~ factor correction. 

Mo~itoring of plant loads. 

Considerations related to load factor 

and load scheduling. 

C~sting of Energy Conservation PLojects 

How to develop cost indexes s.nd st.3.Ildard costs 

for installation~ 

Adjustm~nts necessary for conditions in Tanzania. 

Location of suppliers, use of telex. 

Project Assessment 

Use of simple payback method. 

Consideration of practical difficulties related 

to refurbishment, and installation including 

disruption to production. 

3.2 Areas of Difficulties 

During the training, certain concepts were particularly 

difficul.t to get across. First \18.s, the practical consiierations 

necessary for the implementation of change, in an on-going 

production situation. The second vas the necessary compromises 

which must occur bet·o1een the theoretical concept and the final 

practical solution. 

To resolve these difficulties, experience operating as 

engineers in a productic~ enlfi.ronment would be necessary. The 

experience of working in an electrical and/or mechanical design 

office would be useful to as3ist in formulation of practical 

projects. 

The level of familiarity with electrical installations and 

equ~pment is poor. In order to install electrical D'IOnitoring 

e~uipmcnt for th~ energy audits it ir. necessary to make connections 

directly to live busbars. From a safety point viev this must be 

regarded with concern. 

The standard of report vriting is also a problem to which 

attention should ·oe given. T~chnical reports containing detailed 

specifications and recommendations require a mor~ p~ecise standard 

of vri ting than . is bdng:. achieved at present. 
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3. 3. Reccmnendations for Developnent of the TIROO Energy Unit 

3.3.1. Senior Engineer 

It must be reccg:-:~sed :~~ a!ly develcprr:e~~ ~: :~e 

Energy Unit will be di:-e:::::./ ::.i.:-.ked to the devel.cpment of 
the Engineering di ·Jisi.c:-. a.s a ·.#hole. For t~e u..'1i t -::o begin 
to function prcperly th~!"'e is need ~or the appoi~t:tent of 
a senior engineer to control ar:d supervise the activities of 

the unit. It V«)uld r.~essary te necessary in vi~" cf :he 

carments made in 3.2 t:ia: :hi.s ~ngineer should have cc~­
siderable experience i~ the process and pro:luction :.~dustry 

and be able to ca.rnunicate effectively. Of special concern 

would be report WTiting skills. 

3 • 3 • 2 • Work ExPerience 

The Energy Unit is not seen as just having a'1 Auditing 

function in industry. Many aspects of maintenance, plant 

operation etc. require detailed reconmendations, and in sane 
cases may invo1

·,... -:..l-ie engineers in carrying out,or supervising 

alteration to equipment, or it's repair. 

'Ihe denand for such services fran the TIROO engineers 
is beyorxi the scope of the Energy Audit tr..ilning received to 

date. 

To be effective and corifident in making these recan­

ntP..rxiations an<l carrying out alterations :Jf this type, it 

is imperative that wrk ex;>erience is gained in those areas 
were dE!"'.arxi for these serlices exi:3ts. Table 3. 1 • contair.s 
a list Jf courses \!Jhich will be required. Spo:isors are 

s·t.1ggested on the basis of suitability, but contact would t~ 
required with these canpan.ies to determine training facilities 

and suitability of course contei.~ offered. 
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TABLE 3. 1 • WORK EXPERIENCE 

PLM'T /E~IR-iENT I 
PO'IEN'I'IAL SPONSORS OF DURATION I PRACTICAL COURSES 

BOILER/BURNER DEU'IOIE BABCOCK ( GE:RM.l\i'IY) 4 WEEKS 

PLANT AND /IIJXILL"IMN fiAlwM'.)RTHY ENGINEER LID TO EQUIFMENT FLEETS CORNER POOLE 8 WEEKS DORSET BH17 7LA EJlGi.AND 

S'IEAM DISTRIBtITION SPIRAX SARCO 
CONTROL CHARLTON HOUSE 2 WEEKS 

CHEL 'raNHAM GL538ER 
ENGLAND 

WA'IER TREATh1ENI' LOCALLY AV.till.ABLE ~ 4 WEEKS 
CHEMICAL AND EQJIPMEm' 
SUPPLY coo>ANIES 

~CAL PLANT LOCALLY AVAIJ..Ai>LE FRCM 4 WEE"i<S 
AND INSTALLATIONS E!..ECTRICAL CONTRACTORS 

OR ASEA/TANESCO 
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4.0. Energy Related ~R.!)0 Projects 

Based on the findings of the audit tea~. a nuniber of recarmendaticns 

for future energy related act~vi.ties at TIRDO are put fo~. 

4.1. Develoµne-t of a Heme :1anufactured Insulation 

As identified in Section 2 .0. of this report insulation of pipe..-orl-: 

and :process e~ui:;::r::.e!:lt is a ::najor ::or.tric1.<tcr to energy savi::gs 

in the four audits conducted during this mission. Developnent of an 

insulation product fron locally available raw materials wou1d create 

enployment, provide savings in foreign currency expenditure on ooth cil 

and imported insulation materials. 

Discussions with Dr. Haule, Principle Research Officer of the 

Chenistzy Jepartment at TIRDO, indicate that a wide vari-et:r of rs.·,; 

materials are locally available which could be processed to form 

suitable insulation materials. 

Ra"1 materials which could becane starting points for such processes 

include: 

carbonate, and sU:phates of calciun, magnesil.J!l or possibly alt.miniun. 

Others also available are gypsUI! and Bal.Dd.te. 

niese could be usc<i to produce silicate or carbonate based insula­

tions. To achieve light weight and gcx:xl physical strength pror:rties 

the mineral wuld have to be canbined wi. th a fibreous material , any 

of the many fonns of cellulose fibre available locally ~uld probably be 

be suitable e.g. sisal, hessian, banana plant fibre. 

Investigations into the costs of labour and materials during this 

mission, hav.c ..1.ed us to the conclusion that tt.e most cost effective fonn 

in which to prodoce the material ~uld be a po.vrj.er. 

Application can then be made to the pipe wrk in tW'O wa.ys. 

a) Cnopped cellulose fibre and 'Water added to fonn a paste 

and the paste wuld then be applied to the pipe. 

b) Apply alternate layers of past~ and loosely woven fibre mat 

to the pipe wrk to the required. thickness. 
Lab·Jur for this type ;:if application need not be skilled, only the 

thickness of the material .-:ipplied need to be controlled. 
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TABLE OF CESIRED PROPERTIES 

' I 

CHARACTERISTIC DESIRED LEVEL C? 
PERFORMANCE 

TEMPERATURE APPLICATION RANGS o TO 3cx:Pc 

IBERMAL CONDUCTIVI'IY 0.04 TO 0.08 

w/mk 

DENSI'IY 250 Kg/m3 

MAX. 

ALKALINI'IY pH 6.5 TO 8.0 

CCJ.iPRESSIVE STRENGTH 300 kN/m2 

FOR RIGID MATFRIAL 

EXPOSURE TO SUNLIGIT NO AFFECT 

EXPOSURE TO WETI'ING NO AFFECT 

-
Both the cnenistry and Ena-°.neering D.epartments at TIRDO could play a 

key role in the develoJJRellt of this material. The chenistry Department 
would be needed to research all aspects of the material and its produ:tion 
while t,1gineering D.epartment could assist with developnent of a prototype 

production prcx:ess and study application technique$. 

4. 2. Extended Energy Audit Service 

It is recannended that efforts are made by TIRDO to carry out a 

detailed energy audit in as many plants as possible throughout the 
country in the next few years. The pattern of dealing with the most 

energy intensive canpanies first should be continued. 

With adequate practical training as discussed in Section 3, the 
energy unit could provide an additional ~ervice such as burner adjustment. 
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There is a severe shortage of canpete.'1t ec;.ui:;:rre::.: se!'"v:.::::e ::::·:;c:.~ar:::.es 

in the country and most industries have experie~ced difficult-; in this 

area. 

4. 3 . Inst: iJllentation Maintenance Activity 

There is scope for the TIRDO Instrumentation Departne.'1t to assis~ 
industry with maintenance problans of controls. In many cases controls 

were inoperat·~ ve because of the lack of a simple mechanical part which 

could have been manufactured in a illOdern fabrication W'Ol'kshop. Figure 

No.l indicates the resulting energy losses but, of course, prcd.uction 

losses must be even rore severe. A future situation is envisaged 
where the Energy Unit wuld identify control systan or instrumentation 

faults in industry an::l the Instrumentation Department could investigate, 
repair and recalibrate. The areas of expertise required in the 
Instrunentation Department could investigate, repair and recalibrate. 
The areas of expertise required in the Instn.rnentation Department 
would. be mechanical, electrical, elec-:ro!:i 1~, pneumatic and., to some 

extent, hydraulic systens. This may require the extension of the 
existing department or the developnent of a new plant maintenance unit. 

4 .4. Energy Training Role for TIRDO 

There is a need to increase the awareness and consciousness ~f 
industry in relation to energy conservation possibilities and techni~s. 

This can be achieved by developing the capability at TIRDO to 

coniuct short seninars or courses. The co-operation of the Inf ormatio •. 
Department may be useful in tiri.s respect. The courses should be aimed 

at technical mariagenent in indust:ry and should be directed to.rards 
indust:ry in general rather than specific sectors. 

The need for Boiler Feedwater Treatment infonnation in indu~-!'Y 

has already been referred to. This is an area where the Chemistry 

Department could either run a course or prepare a small booklet for 
distribution to in:iustry , '!he booklet would outline the need for and 

the techniques of \!Cter treatment. 

There appear to be several canpanies in Dar es Salaam involved in 

the water treatment business. These canpanies could be approached for 
sponsorship in the prodtx:tion of the booklet. 
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JOB DESCRIFTICNS 

DP ;'URT /78/019/1 i-C3/C 3~-3.J 

::.::ergy Audit Expert 

Six weeks 

As soon as possible 

Dar es Salaam, with possibility of travel within country 

To assist the Tanzania Research ar.J Developnent 
Organization 

The expert will work under the gene-ral supervision and 
guidance of the Se."lior Technical J.dviser to TIROO and in 
close co-cperation with TIRDO JMnagement and staff and 
'Ni th the :·1inistry of Industries and other project experts. 
':'he expert \Ifill specificaJ ly be expected tc: 

1 • Organize and supervise the condoct by TIROO engineers 
of at least six in-depth au:ii ts in Tanzarxian 
industries to be specified by TIRDO. 

2. Train TIROO engineers in advarx:ed energy audit 
methods; 

3. Oversee the preparation and editing of individual 
aOOit/refurbishnent reports for each i.nGustry~ 

4. Assist in refurbisl'IIlent specification and costj 
as required. 

The expert will also be expected to prepare a final 
report, setting out the findin~~ of his mission and his 
reccmnendationc- on further action which may ~ taken. 

English 

University degree in n ~hanical, chemical or electrical 
engineering or equi vale .t, with experierx:e in energy 
audits inclu:ling rnea5lr AnO.nt techniques, arxi. in industrial 
energy conservation methods. 
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JOB DESCRIPI'ION 
DP/URT/78/019/11-()CJ/b 

Plant ref urbi.sment Expert 

Six weeks 

As soon as possible 

31 .3 .J 

Dar es Salazm with possibility of travel wi. thir- the 
country 

Purpose of Project To assist the Tanzania Research and Develoµnent 
Qrgari.zation 

Duties 

Language 

Q.Jalif ications 

'!be expert will wrk under the general supervision and 
guide the Senior Technical Adviser to TIRDO and in close 
co-operation with TIRDO managenent and staff arxl with the 
Ministry of Ind11Stries and other project experts. The 
expert wi.l~ specifically be expected to: 

1. Prepare specifications, materials lists, costs 
(local and foreign) and engineering sketches fc- niajor 
conservation opportunities identified by energy audits; 

2. Develop suggested implementatic,n schedules to 
minimize production losses; 

3. Train TIRDO engineers in ener~.; refurbistment 
design/cost estimating techniques; 

4. Assi c, t in energy auli ts as required. 

English 

University degree in mechanical, chenical or 
electrical engineering or equivalent, with experience 
in energy audits irk:llding measurenent techniques, and 
in i.Mus'i:rial energy conservf\tion methods . 
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Tanzania Breweries L~d. 

Synopsis 
The reccmnendations of the origina2. report 1.Ne!'e exa'!li!1ed :::J ;;r-eate:­

detail. Costs \:.'ere associated with each reco.,.,..e".""'-:"_ .. -~ -,,--:-.,,<- ~.=.~:~~--- ....... _..;_...., ... ___ ...... ::--....... ----- ~---'~ ..... .::::: 

·..rcre de~i.-1ed.. 

\ systan of monitoring the Brewery's energy performance relati·1e :~ 

prcx".uction level is detailed. Data fran the past yea.i. · is used as ai1 

ex;.rnple. 

The boilers canbustion efficiency was found to be satisfactO!"J. 

A faulty condensate pump noted in the initial report has new been 

replaced and the resultant losses r.ave been eliminated. 

Energy Saving Measures 

'Ihe following energy saving projects 'Were examined. 

Project savings Cost Payback 

Heat Recovery fran 2.7/b/- 3.2m/- 1 .2 
Refrigeration 

cost of Standby 350,CXX>/- 239,0CIJ/- 0.7 
Boiler 

Repair condensate - - -

Pl.mp 

Flash Steam Recovery 39,<XX>/-- 2,500/- 1 Month 

Repair Stearr. Leaks 34,CXX>/- 20,0CIJ/- 0.6 

Recovery of COf fer - - -
Vapours 

Insulation of COld 23,580/- 29,500/- 1 .25 
Air Du:ts 

Power Factor 46,800/- 2 ~ ,CXX>'- 0.5 
Improvenent 

Pipe Insi.llation 365,CXX>/- 127,700/- 0.35 

-
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Tanganyika Packers Ltd. 

Sync~ 

An examination of the plant was carried out. 

Ratios of energy relative to production \v'ere developed to as sis:~ manage­

ment in moni1:oring fuel arrl electricity use. 

Reccmner.dations \v'ere made for insulation of pipes and vessels for repair 

of control v3.lves and for improved energy 'house keeping'. 

Boiler ef ficierr.:y can be improved by simply notating air and oil control 
positions arxi it is proposed that this w0rk be carried out by TIRDO engineers 
in the near fut:'.ire. 

Boiler corrosion causes are identified and recarrnerxiC'.tions are ma.de. 

Savings anx:>unt to 37% of the present oil bill and 3% of the electricity 
bill W'e!'e identified. 

Enerw Savings Options 

Option 

Pipe Insulation 

Process Vessel 
Insulation 

Steam Leaks 

Live Plant 

Coooensate Return 

Boiler Efficiency 

l:'F Correction 

Savings 
T.Sh. 

2(J/ ,409 

52,846 

172,500 

138,400 

5,850 

85,060 

14,400 

37% 

Total S:LJniile 
Cost TSh. Payback 

y~ 

238,753 1 .15 

90,405 1.7 

131 ,400 0.76 

147,220 0.43 

8,EXX> 1.4 

Small 

23,800 1.7 

Foreign 
Exchange 
Conte.,t 

Cost 

91% 

91% 

96% 

96% 

NIL 

NIL 

79% 
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Coast Textiles Ltd. 

Synopsis 

The audit team examined the process and service plant in the factory. 

Problems in the boilerhouse were identified and solutions recarrnended. 

A proposal was made to recover heat fran the dj.'eing process. 

Attention was drawn to the possibilit'; of heat recovery frcm the 

stenter machine but as this was not operational no measurenents ~ere possible. 

Energy Saving Projects. 

The followiug eneiw saving projects were examined 

I I I 
Prnject Ra port 

Savi~1gs Cost Payback Section 

Corv:iensate Return 6.3 58,300/- 71 ,OCIJ/- 1 .2 yrs 

- -
Dye Process 7 .1 149,0CIJ/- 200,CXXl/- 1 .3 yrs 
Heat recovery 

Stenter Control 1.2 15 ,OCIJ/- - -

Pipe insulation 8.1 85,537 /- 34,872/- ~ yaar 

Insulation of sane 8.2 16,694/- 16,800/- 1 year 
dyeing~s 

Po.ler Factor 9.0 30,600/- 10,0CX)/- 1 year 
Improvement 



Project 

Pipe Insulation 

Dryer Controls 

P.F. Correction 

Vessel Insulation 
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Morogoro Tanneries 

Savings Cost Payback 

499.620/- 401,325/-

48,636/- 61,250/-

27,CXYJ/- NIL 

• ~..- ,_ ,- I - • --- ~ - - ~ ..... - -
- .. - ~ 
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