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I. INTRODl 'CTION 

1.1. Background information 

UNIDO in co-operation with l .,DP and the Govemm~nts of Ethic!>ia. Tanzania and 
Uganda organised a two weeks ''orkshop on energy auditing in each of the above 
mentioned countries 

I ENCONET lntemation.·l Ltd \\as commissioned to execute the project The project 
objectives were clearly outlined by the terms of reference (Annex I) The projt.--ct was 

I successtidly implemented. and the activities performed. according to the tem1s of reference 
and subsequently de\·cloped aid-memoir (Annex II). were the following 

I 
I 
I 
I 
I 
I 

-preparation fl)r preparatorJ mission 
-briefing in \"ienna at 5 March. 199' 

-preparatory mission to the three countries concerned. 5 -27 April. I <}1)_1 
-submission of an early rei;<m or. preparatory missicm at 311 April. I 99 .1 
-submission of drati repon on pn:paratory mis.:>i•:~ "' 13 \lav. I '>9_1 
-submission of draft interim rcpo:1 at 18 \fay. l•N3 
-sullmission of interim repon at :1, June. I <)9.1 

-de-bricrin~ in \ ·i~nna at :!h \ 1ay. '"" .\ 

-worl..shop implcm~ntJtion in Dchr1.: /cit. Ethiopia. :s Jun..: - '' Jul\. I •N3 
-suflmission of report on the '" orkshop in Ethiopia. 28 Jul\. 1 •1•1.> 
-\1.orkshop irnplcm..:ntation in Dar 1- ... Salaam. Tanzania. 2 - I.\ August. I •N.> 
-workshop implementation in Kampala. 1 ·ganda. 16 - 27 :\ugu"t. 199.1 

-submission of the reports on the \\orkshops m Tanzania and l !!anda. 2 Sept. 199.1 
-permanent communication with national counterparts and l "'.\11>0 otlices 
in the countries invoh·ed. and sclec1cd equipment supplier 

-final visit to l "'.\IDO. de-briefing and deliven of training manuals. 15 Sept . l'N.1 

This report \1.ill prc1\·ide outlined des..:ription on the acti\itics listed ahovc. \\hilc the 
lcomprehensi\C informar;.m can he found in the prc,iouslv sulirnitrcrl rcpnns 

I 
I 

1.2. Approach to "·ork.~hop prtparation and impltmtntation 

The aim of the worl..shop was 10 "trl..'ngrhcn 1h..: technical capabilities and skills of 
engineers in the in\olvcd countries on lhc acti\ i1ic ... rclarcd to rhc ctlicienl use of energy in 

lndusrry rhus enabling them In carry ou1 cncrg\ audirs and id..:ntit\ wa\s of improving 
~tlicicnc\ in l'nergv consumption The parricipan" in 1hc w~rl..shop arc e\pcctl'd to appl\ 

llhc kn<m ll'd).!C ai:quircd t. > conduct lii111re l'llcr ,1!\ audit e\t•r '"°'"l'' in their r..:sp..:dive 
lompanr..: ... 

Therefore ii was dernbl lo emphasr,t• the prac11cal aspcl.'h of cncrgv aud11in!! and 
lan•lcr or knm1. how and ... kills. rather than lhl·ort•tical had~round and foundatiOJ1' of 
cnerg\ const•n at ion and audrtrn,I! 

I 
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The detail workshop programme is presented in Annex III It shows the emphasise on 
practical aspects of the training, including energy auditing in the factory and resulted data 
processing and repc!t preparation in the classroom. It also shows a strong emphasise on 
financial and management aspects of energy conservation project implementation. 

2. PREPARATORY MISSION TO ETHIOPIA, TANZANIA, UGANDA 

A one week preparatory mission to Ethiopia, Tanzania and Uganda, each, has been 
carried out by ENCONET International commissioned by UNIDO in Vienna 

The purpose of the mission, according to the terms of reference, was: 
-to discuss the needs in energy auditing techniques, 
-prepare logistics for the training course, 
-assist in participants selection. 
-to identify one plant for practical exercise, 
-define a list of instruments to be delivered, 
-to identify local counterpart and suitable institution which will 
be given the instruments after the workshop, 

-to submit draft programme for the workshop. 

2.1. C.eneral 

Representatives from the Ministry of Mines & Energy and Ministry of Industry 
were met in all countries They have expressed a great interest in the workshop and 
exphined how important it was for industries to get training in energy auditing techniques. 
The discussions during the meeting included where to carry out the training course. the 
training program, which industries to include in the practical training and which measuring 
instruments to supply and use on the training course. Practical matters such as daily time 
scheduled, coffee breaks. lunch breaks and tr-ansportation to and from the industries during 
the practical training were also discussed. 

It has been proven during discussions as a favourable approach to carry out a very 
practically oriented course focused on actual implementation of a detailed energy auditing 
programme. This fact was reflected in the subsequent elaboration of <tetailed workshop 
programme (Annex Ill) 

The measuring instruments needed in orcer to be able to carry out the practical 
training were discussed and the recommended lists were approved by UNIDO (Annex IV). 
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2.2. Local counterparts 

2.2.1. t:thiopia 

\1ectings were hdd \\ith \Is Claudia l.inkc. l "\ilDO. \tr Tank11 Tatcre. Chief 
Po\\ er Engineer. Head. Bureau of Energy Consenation and Ctilisation. l'.thiopian Energy 
Authority. and \tr Birhanu Tihrt~ Head of Technology Department. \1inism •)f Industry 

Ethiopian Energy Authority \\as a local l.'.ounterpart. and \1r Tariku Tafore m 
l.'.harge for workshop preparation (1.'.mmterpart addn:sse~ are listed in Annc' \") 

2.2.2. Tanzania 

\1ectings were held \\ith \tr Krasial-.o\ and \Is Kostian. {""DO. and 
representatives from \tinistr.- of Industry. \tinistn of Water. Energv and \tinerals and 
TIRDO 1Tanzanian Industrial Rescarch and Dewhipmcnt Organisation) 

rtRDO \\as a lol.'.al niu:Herpart. and \Ir Rlihert '.\indie in dlargl" for \H1rbhop 
preparation .-\ pmJl"l.'.I ... tcenm.! l.'.ommittec \U' cslahlished to fal.'.ll11ate \\orbhop 
1111ph:mentati1 in 

2.2.3. l. ~and:a 

\kc11ngs \\ere held \\ith \h rabah and \Ir (ioci-.irH. l '\11>0 \Ir J K K:1kama 
and \Ir B \I Kakura. \lmi-.lr\ of lndustr\ and I ed11111log\ and \Ir \I S \\ <1mh,,ga. 
\lim ... tn nf Fnergv. \lincral' and Fmironmental Pn,tcl.'.lion 

Both \linistric ... \\ill (uoperatc in '' 01-k ... hq1 11nplcmentation. hcing rcp1 l"'cnled b\ 
their mcmhcrs <h ... tatcd ah11\c Later on it "a' dl·(1dcd that \lini'\tr\ of l·nerg\. \lineral'\ 
and Em ironmcntal Prolel'.'tion should he a hKal ..:nunterpat1. and \Ir \\ amhoga ''a' 111 

dlarge for "orkshop implementation 

2.3. "ielertion of the p:1rtiri1>ants 

It \\as a~reed that part1(1pants should hl" at least on the: diploma k\d in 
engineering. in order tn l.'.otKc:ntratl' on pra(til'al .hpc:..:h of encr~\ auditing. as ... uming that 
ncccssarv theorv is !..nm\ n I he: participants -.hnuld prcfcrahl\ kc:cp a p<hl of ..:h11:f 
engineer. if (oming from the ind11str\ 
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2.4. Sftection of industry for pra~tic:al training 

To select an industry for the practical training. several companies were visited in 
each country. The main selection criteria were the following· 

-energy intensive industry 
-use of different fonn of energy or energy carriers 
-prospects of operation at nominal capacity at the time of 
workshop 

-vicinity to the workshop venue to avoid long travelling time 

Ethiopian Tannery, Tanzania Brewery Ltd., and Uganda Breweries Ltd. were selected for 
the practical training The industries selected course were situated up to ]0 minutes drive 
by car from the training centre. The transpon was pro~ided by local counterpans. 

2.5. Time and nnue 

2.5.1. Ethiopia 

The workshop was held from June 28 - July 8. 1993, at Ethiopian Management 
Institute (EMI) training centre. Debre Zeit. situated 45 km outside Addis Ababa All 
panicipants and the consultants stayed at the training centre The residential aspect of the 
workshop proved itself as a very imponant for the workshop success. 

2.5.2. Tanzania 

The workshop was held from 2 - 13 August, 1993, at TIRDO in Dar Es Salaam 

2.5.3. Uganda 

The workshop was held from 16 - 27 August. 1993, m Kampala, at Uganda 

Management Institute 

3. METHODOLOGY AND PROGRAMME 

Carrying out energy audit is essential to achieving saving. but does not produce 
savings itself To achieve energy savings, audit must be integrated into entire sequence of 
events. starting with a commitment to energy conservation from end-user to top 
management. and proceeding to improved operatior. and maintenance procedures. quality 
control. financing and construction of energy conservation equipment. monitoring and 

follow-up 

Page<• 
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A meaningtUI energv conservation programme must include the implementation of 
the recommendations or opportunities identified by audit Experience has shown that the 
largest energy ~vings are achiewd when energy lOnservation is viewed anci impltmented 
within the overall energy management context. beginning with top management 
commitment and following through to retrofit construction and follow-up monitoring (see 
Fig I) Energy auditing being a complex procedures itself (see Fig 2) is only a part of the 
overall energy management procedure as shown by Figure I 

Our approach to teaching energy auditing is to present it firstly within the broader 
framework of energy conservation pohcy and overall energy management This !s followed 
by short introduction to project planning and preparation which leads participants to the 
preparation for the preliminary energy audit By this we come too practical aspects 
implementing energy auditing in industry \\ hich is followed by mix of lectures and practical 
exercise in the factory and in the classroom which takes participants through the all process 
of energy auditing as shown on Figure 2 In the end. tht: lectures were enlarged by 
providing basic insight into environmental auditing (see Fig 3 ). which is logical 
extension to the energy auditing, since the energy conversion processes are the largest 
contributors to environmental pollution 

Follmving that pattern. a two \\eeb \\orkshop is tilled up with I /.1 of lectures in 
the classroom. I/_\ practical ewrcise in a factor.- and 1, _1 of practical exercise in the 
dassrtl(HH 

The lectures cmer all the t,lpics \\hich arc dcscrihcd in the training manual. the 
content of \\hich is shm\n in Annex \'II Durinµ the le<.·tures \\e trv to bridgc thc gap 
hct\\een theory and practical prohlems a'.• imposed tw the factory serving as a case study 
The practical exercise consists of preparation for the initial and detail energv audit. 
preparation for measurement. conducting a ti.ill scale energy audit according to the 
prepared plan. data gathering and calculation. preparation encrgv halance and technical 
recommendation. financial analysis of enerµ\ saving opportunities. and preparation of the 
energy auditing report 

Participants arc divide into groups 10 fa1..:ilitatc practical cwrcise. and to practice 
group \\ork such as projcct planning and management. j1!int analy·sis and solution of 
prohlems. discussions and interchange of thc..·1r ideas, comhination of different hackgrmmds 
in a coherent team. ch: 

The terms of rcli:rence required to 1ra111 participants to he able to irnplcnwnt the 
cnerg\ auditing techniques hv themselves in their respective factories Our expericncc has 
shm\.n the hl'St transfor of kn1mlcdge can he achiewd if the participants arc exposed lo a 
real prohlem and required 10 solve it them-.cl\es \\iih the lrainers assistance Thal is whv 
we put a strong ernpha ... ise on the practictl exercise. which. !w panicipanls reac.."tions. 
proved to he a favoured appwach 
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4. PARTICIPA'.'iTS 

The most of the participants were from industries where they were responsible for 
maintenance and energy sector. or shift or chief engineers Few of them were technicians. 
and the rest were engineers from ministries of industry or energy 

There were 34 participants attending the workshop in Ethiopia It reflects high 
interest and need fix training in energy conservation topics in general. and energy auditing 
in particular The workshop was organised as residential which contributed to the high 
attendance. but more important it facilitated interactions among participants and 
consultants. and pr;wided more time for round table discussions and exchange of 'views. 

The number of participants in Tanzania and Uganda was lower than planned (25 
expected) and their level of knowledge was different. but smaller groups enabled more 
interactions and direct communications between consultants and the participants. so that 
individual requirements couid be accommodated. The interest in the course was very high 
and participants were making plans to implement instantly in their own factories some of 
the techniques learned 

One of the reason fi.)r lower attendance was that a\\ areness of the management on 
importance of energ\ conservation is low_ therefore they were rclm:tant to release the staff 
from the \\ ork duties :\lso. if the workshops would have been organis·.!d as a residential. it 
would haw contrihuted to both higher attendance and more interactions hetween the 
consultants and panicipants. and among participants themselws 

5. ll\IPLEl\IE\TATION OF THE \\'ORKSHOPS 

:\ hrief introduction ·.•,;as provided to describe role and importance of energy auditing 
within the frame\\ork of an energv conservation programme After that. the participants 
were carried through the energy auditing techniques. starting from the principles and 
project planing. techniques and measurements applied. up to technical and financial 
evaluation. recommendation of energ~· economy measures. and report \Hiting 

The participants \\ere working alongside with instructors during the classroom and 
field training :\ set of \\Orksheets was de, eloped for each factory scle\.'.ted as a case study. 
to facilitate participants practical exercise 

:\ structured approach to energy conserntion was presented The starting point was to 
estahlish the facts through asscmblv and analysis of energy hills. applicahle energy tariff-;. 
data on production output and basic description of the process tedmologv The results of 
this step \\ere 

-a clearer pil..'ture of energy usl' and costs 
-a measure of relative importance of ditlcrcnt energy uses 
-a first at tempt at seeing variation patterns over the vear 
-a better undc1 standing of energy· me as a basis for imprnwmcnt 
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The t-ssembled data was compared against typical standards to set targets for 
improvement and to determine the objectives for energy auditing in the factory. After that 
a walk-through energy audit was implemented, followed by detailed energy auditing. 

Participants were divided into groups of up to 5 members. Each group was working 
independently on data gathering and subsequent analysis, and in the end each group 
produced a full report on energy auditing. a sample copy of which was submitted with the 
earlier reports. 
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1 . Awareness of potential savings I 
J 

I ' 
2. Top Management Committment 

- Eslablish conservation responsibility within managment structure 
- Appoinl energy manager 
- lniliate energy accounting procedures 
- Initiate training programs 

I 
3. Preliminary Energy Audit 

I 
4. Detailed Energy Audit 

- Identify and characterize no/low cos! savings opportunitiP.s 
- Identify capital-intensive projects 

I 
5. Establish Operating and Maintenance Measures 

- Establish energy conserving operation and maintenance 
procedures 

- Establish reporting procedures 

I 
6. Conduct Prefeasibility Studies of Capital-Intensive 

Projects 

I 
7. Acquire Financing _J 
I 

8. Equipment procurement ·1 
I 

9. Project construction --~ 
l 

I 
·---·__J 

Figure 1 The Overall Energy Management Process 
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ENCONEI lntttnatleml 

J Interview 
with key people 

[ PreparaTIOOI organisatWlll 
of energy audits _ _J 

Providing the 
questionnaire 

~[ 
Data 

---- ----
eking current 
r~-~g e~uipment 

Exhaustive analysis ~f i...m .... -------.i•I Specifir. ~e-teri~~J 
all energy aspects I campaigns 

~-- ~--

[
---------- - -------- --------] 
Detailed energy balance 

-----·---- ----------·--

---- ------- - ---- --· -----:J-· 
Technical recommendations 

Energy saving actions 
- --

I Economic an~ly~t~J.m ~[Fl,;-~-ncial ~-n-;ly-~-~ 

~----] 
~~tion Programm~ 

presentation 

-- - ~-- ---- -··------- --- . . 

Figure :2_ Scope of activities for energy auditing 
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Management 

Environmental Service 

Production Departments 

Compliance with 

F.NCONF."f lntfl'Utlenal 

Organization 
Responsibiliries 
Information 
Instruction 

Responsibilities 
Integration in plant 
Role in new projects 
Staffing and capacity 
Documentation 

Responsibilites/E. P 
Process documentation 
(air. water, waste) 
Cost allocation 
Modem production procedures 

laws 
Specific permits: 
-+air.water. waste. noise 
-+ infrastructure.production 

laboratories __J 

Pollution Control T echnologyEfficiency --1 and Infrastructure 

State-of-the-art 

Operating procedures: 
Maintenance J 
-+ air, water. wastes 

L-----.,:.___.:_._..---

Impact on Surrounding of Plant 

Accident Situations 

Receiving rivers 
Groundwater (old landfills) 
Atmosphere (odour) 

Risk of accidental emissions· 
--+air, water 
Preventive measures 
Information and reporting 

.-------------------·---------·-
Management of Special Wastes 

"Cradle-to-grave" controls 
Control and management 
systems 
Recordir!g keeping 
also: Auditing external disposal 
facilities 
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6. CONCLUSION AND RECOMMENDATIONS 

Generally. there is a great need for training courses in enerb'Y auditing and 
industrial energy conservation in Ethiopia. Tanzania and Uganda The completed course on 
energy auditing can be carried out a number of additional times in order to reach more 
industries, and panicipants from other regions of the countries. What is also lacking is 
awareness of energy conservation potentials on all levels from the equipment operators, to 
engineers and managers, accountants and policy makers This facts makes difficult to 
promote energy efficiency and introduce energy management into everyday practice 

The workforce in Ethiopia. Tanzania and Uganda has adequate level of theoretical 
knowledge. What is lacking, however, is the practical experience in how to carry out 
energy audits, identification and design of energy cost reducing measures and how to plan 
and carry out implementation of these 

The environmental auditing. which was briefly introduced. also raised considerable 
interest. which indicates that the needs for training and assistance in this area have to be 
assessed 

According to the panicipants remarks. the other problems are 

-lack of the suppon from top management, 
-lack of the awareness on energy conservation potentials. 
-missing or out of order instrumentation in the factories which is 
necessary to monitor and control energy consumption. 

-lack of continuos energy consumption analysis a11d monitoring. 
-lack of information on and availability of energy etlicicnt technologies. 
-need for additional training on preparation of financial proposals for 
energy conservation projects 

Regarding the workshop itself. the main remark was that the time was somewhat 
shon for the ambitious programme prepared In addition. in Tanzania and Uganda a 
remark was that the residential course would be probably more effective in achieving the 
training objectives However. panicipants were pleased with the emphasise on the practical 
work. and some of the skills practised were revelation for quite a few of them 

To address the problems recognised, more workshops should be held as 
residential in other regions of Ethiopia. Tanzania and Uganda. and focused on panicular 
industrial branches This way it would be possible to go more in depth into related 
technologies and emphasise relevant practical aspe1.ts for the selected industrial branches 
A breif outlines are drafted for potential funher activities and attached as Annex VIII. 

Pilot energy conservation projects should be carried out in close co-operation with 
the staff of selected industrial plants and local counterpans (Ethiopian Energy Authority. 
TIRDO in Tanunia and Energy Conservation Depanmcnt, Ministry of Natural Resources 
in Uganda) which could continue the work in the future 
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Another essential part is to increase the awareness of these questions among top 
management so that the companies really pay attention to energy conservation. In 
Tanzania. following the initiative of Dr Hurry Suresh of t;NDP. TIRDO managed to 
arranged a short meeting with some managers of the factories which sent their engineers to 
the workshop A brief presentation was arranged for them. and their interest. questions, 
and reactions proved the need to increase the awareness of the top managers for energy 
conservation 

To summarised. the follo"ing is recommended: 

-to screen the needs for training on energy conservation and environmental 
problems in the countries for different target groups such as operators. engineers. 
managers. trainers. policy makers. financial people, etc. 

-to prepare and held seminars for top management on financial aspects of energy 
conservation opportunities. 

-additional workshops on energy auditing for specific industrial 
sectors in other regions of Ethiopia, Tanzania ard Uganda. 

-implementation of eneq,•y conservation projects in selected factories. 

-training on use of CNIDO's ENERC'OST software package 

7. WORKSHOPS ASSESS\if ENT 

The assessment of the workshops was carried out by the staff of U:\ I DO. Vienna 
and L'NDP. New York. as follf)WS 

Ms. Betel Tasseu. UNIDO. Vienna - ETHIOPIA 

2 Mr Valentin lschenko. UNIDO. Vienna - T ANZ..\ NIA 

3 Mr Igor Loguinov. UNIDO. Vienna - UGANDA 

4 Dr Suresh Hurry. tJNDP, New York - TANZA!\IA. UGANDA 
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• I M.1y 1992 

llt<IDO in coo . .!lation with llNlll' .111tl the l;uvc111111d1ts oi Et.hiopia. 
Tam:::1111.1 .. -ind Uganda wi 11 org•mi zc ;, 1 wo weeks wot kshop on Energy Auditing in 

each ot the above countries. The wo1·kshops will be alt.ended by 20 - 2'.l 
panicipants, i.e. professional personnel from public and private industrial 
c:ntc1·pdse!i. The f:raining course will be developed uy subcont:ract.ors in close 

coope1·at ion wi t.h UNIDO. 

F..nergy auditing is a key factor ior t.he successful implementation of 
energy conservation programaes. ll1c basic prerequisites for an effective 
t"ncrr,y auditing program1e are a coro.: ol well trained managers to run 
programmes of energy utilization, en~ineei:-s and tedmicians in this field, 
.ade'luate equipment: for on-the-spot. measurements, supporL materials such as 
m:.n11:1ls. check-list, etc. and t.he continuing ettoct by t.he Governments to 
c-rc:1t" national awareness of the i mpon .:incc ol energy conservation and 
;1mlitinr, among the smail- and mt:dium·:.cJlc i11Just11al eutecprises. 

Tl..- purpose of energy audits is 1u provide ~actories with accurate mean!> 
of r•·<:onli ng energy consumption and cu:>t s, to uwke available to factories the 
i11tonn.:1tion necessary for identifyiny, real opponunit.ics tor energy savings, 
ail<I to ::;upply comprehensive and accu1.1Lc data appropliate tor national energy 
planninr. activities. They should Le viewed a:. ~dt.ical <:xaminat.ions of Lhe 

ta.·turi.-:;' cne:rgy consumption. 

In none of the three countric:; 11wit:1· rel.c1·e11cc has there been much 
training in energy conservation organized .. t the natinal level. Ad hoc on-tht:­
joh trl!iaing foi:- teclmicians and semi ·skilled opcrat.ors is being done at t:he 
plant level. For such t:raining,"howcver, t.tae uainees are merely requested t:o 
obscr·vc what is being done by the engineers or loremcn. Very little effort bas 
hen made to devise comprehensive training progi·amwcs, su11portcd by training 
mat.erial s and equipwent to upgrade ski 11 s and cxpcrt.ise in energy audit.ing, 

produc i ton, management and conservation. 

TI1e workshop in each of t:h-·~ three count:ries will last two weeks and will 
be sponsored by UNIDO, UNDP and t ~·e Government of the part.icular coWltry. In 
each country t.here will be about ~5 participant.s drawn from both t.be privaLe 
ancl public :;ect:or. Participants a1·c expected to Le engiuecrs and other 
profl':;:;ional level people. Both the preparation f.ur, and acLual conduct of, 
t lw 1o1ork:;hop will be undertaken hy subcontl"actor::; who wi 11 work closely with 

111111111 

n,.. p;tl'I icipantS Ill thc::;c \IOJ~::.h11p:; dl't' c·Xp•·«tt:d to <1vply the knowledge 

.1
1
··pill 1 ·I '" .- .. 11.111.:1 (11111r•· Clit:lf,Y .111°i11111g t:i\t•l•J: •• ·:. Ill tlu.:il 1e:;peCIJVC 

""llll·-d'1•·,/111:;t1111tio11: .. llpon tlw '""Dld"t1011 ol llw w111k:.liop:>, the p1<1)t:l'.l 101il 
II.of• l•l ""'"··•·I ol llw po11.il1l1· dl.1)'.ll•>:.111· 111-.11111:1.-111:. 1., lhc ,111th1>1Jll•·:. 

o'flll· • 111• I Ill .-.1• Ii of tlw 1·01111111•·:. J11•: • .lv1·1I. Th•- 1o.11l.1l>I•· d1ay,110:.11 .. 
111·.I: .. -;,•ti!·. WI 11 ,,.. 1--··pl 111111··· 11 .... 11·.I ••• ty ,,1 •>II• '··•II I .1 I I •It .ii 1•0111! .111·1 \,I 11 
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1,,. 11 ... 1 •.• :.11l.il1. ,,,, lu.111 to 11..- p.1111..:ip.in~:. I" ••HIY 0111 I • .:.~:. 1...-L1rinr, tu 

•·11··1r.·1 ... 1.11111.~-. ll:llllll .u1•l ti..- lo.:•il UNDl' ott1.:c:.. 111 ...- ... :la ..:u1111t1y will ta\rc 
tlw 11•·· • :.: •• 11 y ... 1 1 .. 11 I•> •·ll:.111'-· 1h.1l the in:;tnaw•·ul:.. 1.1111 lw •1 .... 11 l;1l,le. 
F111tlw11~ .. 1•· .•.. ,.1, 11.11t1..:1p;111l \1111 Le 1~ivcn 011c cuwpl~·t•· :..:l ul c11c1r,y 
.t11•l111111. 11.111'111; 111.:1111.11 ..,1i1,·h "'ill I><: used a:. lt:lclL"ll·:c 111 • .to:11;d tor· tuturt· 

\lul ~ 

Tli,· a1111 11! the pnqcct is to strengthen the: technical capabilities and 

skill~ •)l c11t,111t..-1:../i11t111st11alist:. i11 Ethiopi.:.. Lu1z.:.111a is11d llf,•snda on the 
•tt:L:v111c:.. l•·l.t11111'. tu the (:fticienl u:;c of e11c1gy in 111du:.t1y t.hus enabling 
them lo o.:a11y uut energy auJ1t.s anJ identity ways ot imnp1ovi11g ctficiency ·in 

cneq~y cunsu111pl1v11. Furthermo1·e, t.he project will provide t.hc counterpart 
organiz"11011:.. wi1li purt;,ble diagnostic instrume·~:.,. which will Le useJ for 
can·yi11g 0111 1:11c1gy .rnd1t.s Ju1i11g the workshops. The pu1·tal..lc J1agnost.ic 

111st1umc11t:. ,_.111 L·· t1anstcr1·eJ to selcct.ed mi111st1ics or 111:..t.1l.lHJ011s 
co11..:e11h:d upon ,:111il1.Jet1011 of t.he workshop. These <.oulJ be given out. on loan 
for turth.:01· •:11c1rv .;.m.titiny, exercises by die panicipants in their respect.ive 
comp:u1ics/111stl111t1011:; it a loan syst..em could Le ar1·angcJ aud tcsponsibilit.ies 

ap\..Jl t I •.11l•·1i. 

(ii) 

: ·' :1 1 l '1· 'j ! \~· .. 

Th., sut..: .. 1111.,,·1111 will 11n.lc1t;1kc .a prcpar;;10ry m1s:.1u11 111 t:1la1opia, 
·1..11:::.111 ... .;,: 11_,,,..i..t.1 (.11,.mt n day:; Ly cuunlly) 111 01t.i•1 lu c.11ry out. t.hc 

lollo1.1111r. 1.,:.I ... 

Ch··· I- IL· .•• 111.ol :.1.1111'. ...... 1 11•'.cd to1· ( 1.ii11i11l: lll (I.·: .11 •'.• .,1 

c11•'1>:v ·•"·111111,:: 

A:.:>1:.1 11 .... 1111 l.01 Hit'.'.. in tlic scle.::t1on ol p.11 l I< 11>.illl :. 111 lh•! wo1t..:>l,.,1 

,, 
A:;:.i:.r 111 11 ... : .• ·lccrionfot an inst1lulion lo1 all<>.:.t11•>11 ol the equipm• 

Jn.J p1•·1 .. 11•: 1•: •. u11•11cnd.1t1a11 l•H it..s use; 

ldc1H ity crnc plant lor pr-actical cxerci5e on energy auditing during 
lhc wod:.hnp:> .wJ carry out work throa;gh auditinl; ol ii. tor developing 

;1 ,.1:.•: :.1t1.!y l••I 1hc work:.lwp. The 5uLconlr<H.lOl will p1 :p.il"t! a set ul 

u·a1111nr. m.11 .. 11.tl (approx. IOU c.opie5) 1n t.hc lonn ol a m.inual along 
lh<' 111..-:. ••I lhc wo1kshop programme, including thcu1cti1.al and pr;1ct.1c .. 

p.11 I~. dl1d t. ••=·•· !.I 1ulit!~,. 

:, •. I··· 1 r:.• .• ·.111 111;'. 1w.I 1 um••nl :. I ut I ht! encl gy .111<11 I:. (., .Sr .it' 11 :;l ol 

1:1·.r 11111.-·111 ·. 1: .. 11 t.i• h•!d h'"''""ll h) anJ p1uv1dc CX.J• I '.•I'"' 1I1c.dl 1011:.. 

I 1111 l I:· '" 11 Ii 1 .... ii ·"'' t.·•I II I 

1t1 '''·' •• r 1 .. 1 Iii· w .. ,~ .. ;, .. ~ 

' I 'I 
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( b) lmph·m•·nt.11i011 of the woi·kshop: The ~ul>cont tactol vi ll conJuct a two 
..,,.,lo-:. l.011-·.hop \./hid1 will he atten.1eJ Ly 20 2'.> participants in each of 
tlw folluwini; countries: Ethiopia. Tanzania and Ug.:.u<!.:i. The t.ca111s will 

11 .. 111.le l, :>i"":1al1st:>: 
Tlw :.cientific coordinato• of t.hc woikshop, an ene1·gy audit.ing 

~·I"'' i:1l 1:>t., who should atrc-nJ the whole wolk~hop; 

3 spc•cialists (1 chemical cug111cer, l electt1cal engineer, 1 
fin~rnci.:.l analyst) {or lecturing and c::xercises on relevant topics 

d~ dcsc1ibed below. 

The second workshop should take place at least I month later and 

not more than 3 montbs after the first \./Otkshop. 

11"' f1tog1"ammc parameters of the w01k:.ho!l and o( the manual \Jill cover the 

Io 11 ow I lit_; :.11b )'" I : •. 

i 111 roduct ion to indust1ial cneq~y conseC"vat:ion including 
alternative sources of cne1·gy and proJuct.ion syst.cws; 

c11v11011111c11t.al and legal considctation:>; 

1 lw 1w•·•I tor energy conservation J>loJcct.s a11J a ptc5cnt.atiun 

.. 1 1 •. .,.i,· tcduiolol:Y; W5c !>tn•IY 

l1.1s1c pl inciples of organizing cucq;y 111.;niagcwcut. .;.L cutcl'prisc 

I ··Vo: I 

l1ou t.o an.:ilyze t:he energy :;y:.lclil:.;. J11J t.hc energy ulllization 

.• I •• I .1.· 1 •II y; 

t c~m1q11c of <:ne1·gy conservation 
~ 

ene1gy audit principles and project. planning; 

analysis on hov to plan and canythrough tbe c.1ergy audit and 
hov t:his is conncct:ed t.o cnti1e energy convcrvat.ion project:; 

descript:ion of the different t.ypes of measuring instruments to 
l.>e used and the measuring methods t.o be involved in an energy 
an<h t: and a prcscnution of the need for calibration. checking 

:111<1 1 cp;ti C"ing of Lhe insuumcut:.;.; 

p1actic.:al vo1k hov lo use the c1w1y,y measuring in'.>tn.uaents and 
I•> <ar·ryout cneq;y <1udit5 Loth ol ,, :.cpa1·•lle cncq',y user, e.g. 

I• •I l i: 1 • ;t11•J ol ;111 c11l J 1 c l'l .11:• • 

I. ".l• •.il<11l;,11011 fo1;u11l.t'.. lo 1..- .. .,, .• !lo < • .1<111.11" 1lw 

·hlt•·l•·nt •·t1•·•r,'l tlnu:> b.,· •• :.S 011 1111· 01•·:1:.ul•"rn'"1i1·. ,,~.ult:., 

j>I ·' I I• .ti lll"·•·.111 •''.• Io ol>r.1111 .1 11••>1 ,. •·I I I• I"'" 111 ii J /.ti 1011 ol 

•·t.-·tf,Y by Ol•'.111·. oS '.,.tVIBJ~ .11111 11·•n'l•'IY ln•·.1:.1111··,, plcHt.":.t:, 

• h.111r.•·'. •• • h.11'f,I")', m.11ut•·u.tu' ,. 1.;111 t1u~~ •• 1111l by .1, h.,111~c·ov•·1 to 

1 
C1• ·'l'''I .-·n•·1 f,'f •,111ll• c... lb1 ·, 1.111·.1 111· ell:.• u·.·.•··l lll 01,Jc1 c n 

llil·•llu Iii•· 10.11Cl•lf•·llll 0
, ol cl..- 11·····1 l•>l •"IWlf,Y .p1·1ll'. •• 111•! vh.1! 

-111 \,.. 11..- 111> . .I l•",1111 ol JI. 
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Oq~.ini~i;<.l by tn<.: Uni t:ed N.a.t:ions Indusi:ri sl DEvtlopmcnL Org<Uli z<&tioo 

I 
I 
I lh~iuO iu cooperation wito uNDP ii:ild tnE Governments of Etniopi6, 

I 
Tanza111.<& and iiganda ·11;iil organize a two 'Weeks ..-ad~shop on energy audit:ing in 
e~cn of the ai:>ove coun~ries. The workshops w~ll be •t:tended oy 20 - 25 
participants, i.e. professional persotUlel from public and private indust:rial 

I 
I 
I 

eoLerprises. 

Energy auditin~ is 6 key factor for tbe successful implementation of 
energy conservation progrA111D1es. Tne basic prerequisites for 6.Il effective 
en€rby auditing prograJ111De are a core of well trained m.&.DAgers to run 
progra111111es of energy uciliza.cion, enbineers a.t\d technicians in this field, 
6<iequate equipment for on-the-spot measurements. support. materials such as 
manuals, check-list, etc. and the continlling effort by che Governments to 
create nc.t.ional avarc:oess of the i..mi>O:CtaDce o.· energy cooserv•ti on and 
auditing among the small- •nd medium-scale i11dusttial E:nterprises. 

The pu-rpose of energy audit~ is to provide factories with accurate 
means of recordi~1g energy consumption and co$~S, to w.ike available co 
factories the iufonnat.ioo nE.cc.s~ary for ideor.ifying real opportunities for 
ener6Y savings, and to supply comprehensive and accu.rate d.a ta appro{ riau· for 
naLiooz.l nat:iou•l E;oergy planning act.intit;s. They should be viewi;d as 
cru .. ical t::x.aminat1ons of the ft.ctocies' energy cons:1111rption 
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.:\<i -t.oc on -th~ - J~·b L!.~i nin:; r:..ic t.aduuci:.!ts anJ semi-skiil.:o..i. op~rators 
is bt::It!~~ done cit th.; pi.;.;1; i.:...-.;l Fvt such tn.1ning, bo'"ever. to€ trainees are 
mcr:d y requestoo to ub·;~r.v.:; i..i1at is L.oing don.- bv t:hc engineers ior foremen. 
\er~.- l tttle eft.ori: ho.ls o.:0et: i.a..id.; r:o J.:,.·1sc= coillpt~hensi,.-e t:raining programmes. 
~.upp(J' lt:d by t:.rain1ng m-=cteri.ii s c;nd equipat:nL 1..0 up.grad~ skills and expertise 
ira eri<-r&y o.ua1t1a~. pr-oduc•iL)ll, 111.il!.d.~emt:nr. &nd cons.:rvlition_ 

Tiff Au Or TriE ~ORKSlii)? 

Tht aim of the ~orkshop is tc increase ci~ciren~ss of energy 
s.o·.-ing/consen...:c:ion/1112.~g€£Acnt: among people responsible for enerbY and use in 
industry, or dc¢ling ~ltil energy conservation at other institutioas. •nd 
Li1~reb~- crE:at:e a :favoursble cli.m.5.r:c: for reduc.od entO<rgy use 1..-it:nin t:he 
Cu1mtti~:>. 

Ob1c=cciv~s ~i!~ be: 

to t:r.~in pc::rsormel fr-om key iudu'!itries and instit:ut:.ion.s in eoer~ conservation 
ti.:chni.~uc.s c.nd speciaiiy on <=':1.:rgy .,1:.iiting: 

t;;.. in,:r::_.:;., tile a;.;.e.i;-o;nes:. on .:,nc,r-'°·:- ci.;n:>t.;rv.ir.1on import:~nce ~nd potenti.;.1 
1 • .-1 :.hi.et 1.he sei.;.cr:,;,d courpanic5 'l.:lh:!l" 1..h" c.:Is.;: studi.:.s i.."iil be mad.:: 

.:.~1,1 t.u 1.:i11 the pe:.so..-:.:1<:! ; ., i.,., _.r,,'"' , D ..:.;.rn: .-.u; o::n.:rgy cousc:n=-;atio.-i 
p·., , ... ;; :; : 

~-.---~. --.;;.. S::C: oi r.1•.:-111m,.~1r .; r•• • ~. ~·-··:r_~·::! ~~:-;.·_:'.":' . .:.!. ................ 
1::;,· L: l:·.,!ne.i p1;::sou~ ~~vw t.i·:,. i:!·J,J<.1;1.!.::m,. i;:.~..ol[ .:ir ft·om oLhtr pcrsonn.ol 
• ,, ~ ;.11H1:.. • i,i e t 0r t:ne.tb\ cu.i>....: ~ v .• \..l 1)n;w .... :1.:;io:..:1ileUt at: cvmpa.ny 1eve1 . 

,;..\ i1 Fi .. \CE 
. -·-· 

Tentatively. tb1;: i.orksi1op.s •ill i:c&ke pl~ce in t:t:hiopis, lig.-'1d<& and 
Tan::-ani~ in June, July ami ~u~~st .tt:spo:!..:li\.·ely. Ft.;cise date illd plac.: t.;ill be 
di;ter-mi t1L•i aft.er the pri=pc.r.-.roq-- roi !;s 1 on 

Ti1.: CiindJ.dates sbvulci u~vc ... un1versic::~- ~duc.ation or equiv.ilera· 
l>'ciucstiou .... i C..ckgrow1d in chc!llic.ai, wi..:cha.nic.ai, t:lcctrico<.l engineering or 
r.:.le1.·.::..1L llL&nch or- engio.:i;riL1g, smt si:1.mld bi; emplo)llO i.:ir.b industry •:it:h one 
Lo to1!r yL.a.ts of pract:icc:.i tXpecienct.>. ·i"ue candida.te should pr .. fE:r.;olv be 
\llli11n •f1•- :it,c t;tvup of ;:i Lo :',I)_ 

'fi1i..:y snould Ot .[t;:,pcm~J ol.t i:!.l: t:nc eoeq,f St.!ClOl' in their respective 
com~ldni1:::; ()(' invoived in 1.!rl'-'T.;4V con:.;t..rv.-;tion projects 1 f coming from 
TI')Q lnd11:.;1.ri.1i. or-ganiZ,iC:Ju[1·.;. 1-nt:.~ ,;(1.;11jJ b(: at th1,; levci or chi.:f eDf,ineer Or 
s11p._;r\.·j ;;,JI oL project m..;n..;f.;!r l t: i.:; 11"':.1 tcti>ill th..::.c t:he c.in.did.a.r:t,s 1.i 11 h..-i 
(rom blJti. 11;o.1u:.t.cial and n.;;1 ir1d11s1.1·1 .. i .,;i.c1.ors 
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i:i:t p.:u.~~ ... llll:.":: !'·"·-'u."t•.l-.> o: (...;•_ '-V(l-::;uup .:>mi Ol th-:' W.;:(11_!,;.l \;tll LO\."tl' i.ht: 
r~i iu•,ing S•!b.i.:.•:r:,: 

it:&ti..uducti.or1 i:o iridu:>u i.;i i.nt;;l~V cou:>1;;t-Vatiou ioclrniicir; csl t:~n1a.t:ive sour.:e:s 
of cll.::t6y .:;n•l pa.·o<iu.~t1u11 5>slt::.i.I.::.. 

- the n.::e:d fut e:n"'i::by con$1;;!.·va.Lioi1 pcoj;;;cl~ and o pCit1:>11;nt.o.tion of ~sic 
tcchnol o!;y: •:.=...;,.,. st.11i:' 

hm .. - to .ac<ii yz..:: t.i1:: .::ncr,g• s~st:c:ms a.nd t:h"-' energy utilization at e fa.ctOr)" 

.i:ri.a.i;·sis ou !:101.i ;_,: !'i .. ,:: ~t:J c.:.o:.1ry ti'1rough the enel:g~- .audit: &1d iioi. t:i:is is 
1.:·)ltth:.·1.:t~:i L1.J ·.;:,LiI."..! ~:t-..:: 'i"·· 1....'0rt~..:..?·\:.~ti"h1 f>l'."O je~r, 

- ... i':.";L;..ipt.i .. >t; ·.·r: tL~ ~~li.:!Lt·t.-~J[ :..:p~s u[ iik;.u;;;arJi.lf; iu;;tcum~LtJ lo l~ ~-,;~J .,.,,ca.i 
ti~ ... ~ we~:...Ltt"'it~t ... ~~I:..·li;,.,i_. ;_ . .: r,._,.; id\J!.-.r.::d !r! J.tL cilel.6~ .:iudit.. c.L!J.;:; µl·:::!:,t..;I;:: .• ::.i.)n u: 

l(h_ ,1~:t..:1; i_ul ·.:.ii0:. . .:~J..,_..L .. ..;,~1';,;·_:F~Ir.:=, ~[~Ll l~pG.iflCl_g O[ ~(1~ iti~tLl!!U:;:t:r:~ 

(.ii .1.; ti ..: .. d '.:ur I: tl·Y,·: l u 

c.;,.~ i ~)~ L::ilc.i! i:., i··\Jt.[1 \J~ 

;.ol . ':1 t 

·.c,·..; ti:~ Lll~rtv ~~d:...tJri11g in!itrt.:.in~;1t:i 

:, r_· f ~~ ! . -: i ·= t.:: : l<:". L b ~.. I l:... t! [ r C: g _ d i.J lJ i l C: [ • 

-:.s~·i:. ~-·.)\:t: 

.1t1 t::lC i ~t 

• L.!sic c.!ic1:LHl.u11 L'.;;r11.ui.,.:. r.r, o..; us"'d C:v calc.:ulcd:.c to1,; <.!i.ff.,i;.,11t .,n.,L·b;.­
fiv~.:.; b..;i:,,~<l on r!.H;;, w~-.:i;.,u..:...~.1u\...~1L~ :.~sui L=-

practicai me;;su~·o:::s t.o obt.oJit• '" more t.:ff1cient. nt:iliz-'<tion of energy by meuis 
uf !)~-.·iut, o!ld i:'cco-.cl.":• lil<ou.:..Hl c:>. µrocess ch.:;.ne;es, ch.:i.05i.ilf; maioten.';nce 
tuutines <:n<i Lv a cc· . .anr, .. u·.-t.:t Lo ..:h~.'tpt;;l (;I\t.:rgy sourc1::;. )."his must be discu,;se..i 
in oi:Jcr c:o i uL>rra Lr1e: p.:i: • 1-:i pe:nts or tiie need of: eueq;y .:.uciit:s an<.i what 1oiill 
ilt"! rite: firu::l ?:~:-;nlt· o.c it 

t .· 

1:\.:tl1~;,;,j_,11 .111-.i fir1.:11·.:i.,i .1:1 . .I1.·;i·; or' •n.:r6; 411cii.ting t~~ult.~ .:tnd 
111-.p-11 ... 1.1;)[1 r·: .. ·.iiiili;.y ·.:1i.ii,,, f.<>t 1n1.,r.~·: ,,fi.i..:i.,r1c1 .. rid i;npro'w1:me111.·; 
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ENCONET International 

ANNEX 111 

ENERGY AUDITING WORKSHOP ~DETAIL PROGRAMME 

Day No I 

8.30 - 9.00 Opening of the workshop 

9.00- 9.30 Aim of the Workshop, Programme of the Workshop, 
Working methods 

9.30 - 10.30 Presentation of participants and their problems 

10.30 - 11.00 Coffee break 

11.00 - 12.30 Introduction to Energy Conservation 

12.30- 14.00 Lunch 

14.00- 15.30 Energy management and Energy audit principles 

15 30 - 16.00 Coffee break 

16.00 - 17.00 Project planning 

Lecturer all day: Dr. Z. Morvay 

Day No 2 

8.30 - 10.00 Practical energy auditing techniques 
Description of energy auditing techniques 

(Z Morvay) 

10.00 - 10 30 Coffee break 

10.30 - 12.00 Planning of measurements 
Energy balances - Sankey diagrams 
(Z Morvay, Z. Tomsic, D Gvozdenac) 

12.00-13.00 Lunch 

13.00 - 17.00 Preparation for the energy audits at factor - walk through audit 
(Z. Morvay, Z Tomsic, D. Gvozdenac) 

Page I 
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ENCONET International 

Day No 3 

8.30 - I0.00 Energy measurement equipment 
(D. Gvozdenac. Z. Tomsic) 

10.00- 10.30 Coffee break 

10.30- 12.00 Description of the measuring i~"trument provided by UNIDO 
(Z. Morvay. D. Gvozdenac. Z. Tomsic) 

12.00 - 13.30 Lunch 

13.30- I S.00 Group exercises. in class-room, in the function and 
use of the measuring instruments 
(D. Gvozdenac. Z. Tomsic) 

15.00- IS.JO Coffee break 

IS.JO- 16.30 Preparation for the energy auditing in the factory next day 
(Z. Morvay) 

DayNo4 

8.00 Leaving for the factory 

8.45 - 13.30 Energy audit at the factory: 
Group exercises in energy auditing 5 groups. S members each. each 
group analyzing factory energy subsystems 

13.30 - 14.30 Lunch 

14. 30 - 16. 00 Processing the results and preparation for the next day of auditing 

(Trainers: Z Morvay. Z. Tomsic, D Gvozdenac) 

Page 2 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Day No 5 

8.00 Leaving for the factory 

8-45 - 13-30 Energy audit at the factory: 
Group exercises in energy auditing 

13.30- 14.30 Lunch 

14.30- 16_00 Analysis of the results and experience and 
summarizing measuring results collected 

(Trainers: Z_ Morvay. z_ Tomsic. D_ Gvozdenac) 

Day No 6 Review of basic theoretical concepts 

8.30- 10.00 Fuels. boilers and combustion technology 

I0.00 - 10.30 Coffee break 

I0.30 - 12.00 Energy distribution systems and users 
Steam. condensate and hot water systems 
Ventilation systems 
Heat exchange systems 

(D. Gvozdeuac) 
12.00-13.30 Lunch 

13. 30 - ! 5. 00 Electricity supply and distribution 
Daily load curve, peak load. power factor 
Transformers, motors, lighting 

15.00 - 15.30 Coffee break 

15.30- 16.30 Compressed air plants 
(Z. Tomsic) 

ENCONET International 

Page 1 
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ENCONET lntrmational 

Day No 7 

8.00 Leavir.g for the factory 

8 45 - 13 30 Energy audit at the factory: 
-filling the gaps from previous measurements 
-establishing the energy flows in the factory 

13.30 - 14.30 Lunch 

14.30- 1615 Preparation of the energy auditing report 

(Trainers: Z. Morvay. Z. Tomsic, D. Gvozdenac) 

Day No 8 

8.30 - 10.00 Principles of Enerb'Y Management 
Monitoring and targeting 
Role of energy manager 
Computerized energy management systems 

(Z. Morvay) 

10.00- 10 30 Coffee break 

I 0.30 - 12 00 Software package for energy consumption analysis 
{Z. Tomsic) 

12 00 - 13.30 Lunch 

13. 30 - 14. 30 Discussing energy conservation and recovery 
mea5ures - completing the report 

(Z Tomsic, D Cvozdenac) 

1430- 15.00 Coffee break 

15.00 - 16.30 Energy calculation based on measurement values from 
the energy auditing - report preparation 

(Z Morvay, Z Tomsic, D. Gvozdcnac) 

Page-' 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ENCONET lntrmational 

Day No9 

8.30 - 10.00 Financial evaluation of energy conservation opponunities 

10.00 - 10.30 Coffee break 

10.30 - 12.00 PrioritiZ:ng energy conservation measures 
Preparing financial proposals for energy conservation projects 

12.00- 13.30 Lunch 

13.30 - 15.00 Financial evaluation of the energy conservation 
measures proposed for the factory 

15.00- 15.30 Coffee break 

IS.JO- 16.30 Finalizing the report on energy auditing in the factory 

(Lecturer: Z. Morvay) 

Day No 10 

8.30 - 1000 Financing energy conservation projects 

10.00 - 10.30 Coffee break 

I 0. 30 - 12.00 Closing discussions 
Evaluation of the course 

1200-13.30 Lunch 

13 30 - 14. 30 Delivering the [ ertiticates of Completions 

14 3 0 - I S. 00 Closing the Workshop 

(Lecturer: Z. Morvay) 

Page 'i 
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ENCONETlaten"11lial 

ANNEX IV 

MEASURING INSTRUMENTS FOR THF. ENERGY AUDIT TRAlNING 
COURSE - ETIIIOPIA AND UGA."-l>A 

2 pcs Electtonic thcnnomctcr, T cstotcrm 

2 pcs Silicon paste 

I pcs Infrared non-contact thcnnometer 

I pcs Solomat humidity meter 

I pcs Testovcnt 490 air velocity meter 

1 pcs PTandtl tube 

I pcs ~ ficromanometer, electronic, digital 

1 pcs Stop clock with I 00 mm dial 

I pcs BestobeD steam leak detector 

I pcs Electrical energy analyser 

2 pcs Clamp-on Multimeter MX 1200 

1 pcs Combustion efficiency analyser Neotronics 

I pcs Lu"< Meter 

2 pcs Notebook Computer, 4 MB RAM 40 MB hard disc 
with Windows 3.1, MS Word 2.0, MS Excel 4.0 

2 pcs Portable CANON Bubble Jct printer (RJ-l 0) 

2 set diskettes 3. S" and ribbons 
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\IL\Sl iRlNG l.'.'i~IRl ~IEi\-rs FOR nu: ENERGY Al i])IT TRAl~ING 
COi ;Rst: - TA'.'7 .• ANIA * 

I set Spare parts for- flue ~ ~"SCTS 

1 pcs w ata- pollution detection kit 

1 pcs T cmpenturc calibrator-

I pcs 486 desl1op personal computer. 
4 l\IB RA.\l 80 MB hard d5:. colour monitor. 
v.ith Wind<M"S 3.1. MS Word 2.0. MS Excel 4.0. 

1 pcs EPSON letter quality mahix printer :\..l format 

2 set diskcnes 3.5'' and nl>bons 

I pcs C:\~O~ photocopier MP 3050 

I sd spares for photocopit.T 

1 pcs Toshiba .-\ C 

·~oTE 

HRI X) (Tanzanian Industrial Rescan.:h and I >t.·velopment < >rganisation ). implementing 
agt.-ncy for the project in T an1.ania. ha-; gol alrc.:ady m~>St of the instrument-; proposed on the 
list for t:ganda and Ethiopia. ·1nesc were supplied through the World Bank technical 

assistance project. 
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F.NCONETlntenalleml 

LOCAL COUNTERPARTS 

I . Ethiopia - Contact person and institution for delivcty of instruments 

Mr. Tariku TAFERE, Ethiopian Energy Authority 
Head, Bureau of energy utilisation and conservation 

P.O. Box 8063, Addis Ababa 

tel: (251) l 18 24 97 
fax: 51 78 74 

2. Uganda - Cont.act person and institution for dcfu:ecy of instruments 

ANNEXV 

~tr. Michael Shem WAMBOGA, ~finistry of energy, mim.-rals and environmental 
protection 

I lead Energy conservation department 

Amber House, P.O.Box 7270, Kampala 

tel: 41 234 861 
fax: 235 119 

.1. Tanzania - Contact pen;on and institution for delivery of in.~trumcnts 
and specification for the spare parts requested 

~Ir. Robert NINDIE. Tan1.anian indlLc;trial research and development 
organisation (TIRDO) 

I lead, Energy con4K:l'Vation department 

P.O. Box 23235, Dar f-'11 Salaam 

tel: 68 822; 68 984 
telex: 41409 "IlRDO 
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ENCONET International 
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ENCONET lntl'mation:tl 

Table 1. Ouant1/y of energy used and tis cost for the last financial }'ear 

Common 
Type of energy Tonnes Litt es M., kWh Price/ Cost basis Cost per 

unit ····-·· MJ (kWh) w {kWh} 
Solid fuel · 
Liouid fuel 
Gaseous fuel ----·- -------
Electricity -- ------- -----
Other 

Total 

Table2: En vlfonmental 

Offices Factor 
Energ...._y_u_s_e __ _ 

---------- ---- - ------ -- -~-- ------ -· - -

._L_ig_h_t_in_g~(k_W_h~) ________________________________ ·---
Hot water MJ kWh 
-~ace heating_ ML(_~~)____ _ _________ _ 
Number of hours in actual use/month 

--~---- ---- -·-----·-~----

_?pa~e2 heating_r_~i() _ 
MJ/m /month 

Table 3 

M:id1ine shop Prnce:.:. A 
Type of energy con surnption co11:.t1111plion 

cost cost 

~!lC_!gJ_!-1§~:_ _ _ _ 

~ectricJ_~-l~WliJ __ _ 

~ig~!~- - - -
Machines 
~o~pressed air 

.!i~~~'!9 -----·- ---- -·--------------
Gas MJ or kWh ---------------------- ·---------------- --- - . 

Oil · litres or MJ{!<WhJ _ _ __ ___ __ _ ___ _ _ _ _ _ __ _ ___ . 
Solid fuel rnc waste 

Pror:r>:.~. n 
C0110.l Hllf'l!r 1 rt 

ce::;t 

(tonnes} --------- ----------·---
Process heat and eower ____________ . ______________________ _ 
Steam 

kg or MJ 
_Electricity (kWh) _______________ _ 
Units of output _____________________________ . 

Total energy used 
_J~Wh or MJ) ____________________________ _ 
_ Total_energt_e_Qst .. _::.:.:· :.:: _______________ _ 
E.!!.~~sed/unit __ ~o~!P~~!__ . ___________ ___ 

1 
__ 

-~"~.!.9Y cosUunil_q~l!!Jl_!J_t _ -·----· ---··----· ________ . 

Ii: 

Warehouses 

I f~r1dnr hn11r-. 

II r:rHl''.'.l''..ll•ll•Hl 

L' '.,! -1-·-----
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Table 4: Transport 

Type cf energy 
Petrol {litres! 
Diesel {litres) -
Lube oil (litres) 
LPG (MJ or kWh) 
Electricity (kWh) 
Vehicle mileage 
Freight carried (tonnes} 
Oil/petrol ----· 
Consurnptio~! tonne km l_ 
Cost of fuel (per tonne km) 

l'l, 

EN< 'ONET lnternation:tl 

Internal transoort Deliver}'. etc. 
------

------ ·-·-

- ---------·---
·------ - -- -

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

- ---- -- - - - -

--- - ---·- -- --

--·------------ - - ---

----·· ------ - - - -- - -· ·-. ---

-- --- -- -- ... 



-------------- - - - - - - -
ELECTRIC/TY DA TA SHEET 

Date: 

The consumption and prices of Electricity used by Company for year ........... .. 

I Year I Active energy Reactive energy ! ~igh tan ff ~ Middle tan ff I ~~--~~~:~- ~-r!t __ ~--- :-_ . _ -~ - ·;, 1_gi1_ta-r;ff_-·-- Middle tariff Low tariff 
1 

Consumotion Pnce1un1t I Consumption Price/unit I Consumo~ior~ ~··r::0:~r·: . :.)~su.'nc:1on Price/unit Consumption Price/unit Consumption 1 Price/unit Month 
kWh /kWh I kWh /kWh l:Wh 'k\Vr "-V.:..rh /kVArh kVArh /kVArh kVArh /kVArh 

February ·- __ --------l------ -------- - 1 
.January I ----- ---··-------1-- -- ------ --·---·j--· I 
1March -- _ ------------ ---!---- .. ------- ····- --------· -·-· -1----------
1.4.onl ------·---· ---·-·----- -·------· __________ __,_~--------
' , I 

~ ~ ; I 

~ -- -- - . -- . t.-=-:--=-··- -······---1 ~ August _______________ ( ------------- , 
~September ________ ) ____________________ ·-· .. -- ' 1 

~October ----· -·- .. -·. -·-)--· --· .... _ ·-------- .. _______ ___; ____ ---
November !----------· --
~:~~:::;er I ·----·- _ ---· __ -··\ 

Maximum demand 

Month I January 

Maxrmui:"l I 
demana l 

'-<.V.~ 

~nee per 
:...n:t 
:kV.; 

',.'VO:'\i~g 

~O\..: ... S ~e,. 

~""''"""'"""' - . ' 

'\l·~~ce~ ~~ ~ 

s~ifts 

-"" 

I February I March I . .l..onl 
I I I I . 

---···-·---·- _., ... -- 1-------------

\~av ... :~·>: -U.\/ . .:.uqust ! Seotemoer Octooer i Novemoer I December I JantJary 

I 
I 

I •, 1 , '· f J 1,,, , , , 
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ENCONET lnt~mational 

Energy conservation audit 
Internal control questionnaire 

Name of company ________ ---. _________ . ____________ .... --------------------------

Location ................................................................................ . 

Official(s) interviewed ............................................................ . 

A Control of energy 

f Who is responsible for energy management? 
Name ............................................................... . 
Position in organisation ............................................................... . 
Who does he/she report to ............................................................... . 
Full time or part time ............................................................... . 
Qualifications, relevant experience ............................................................... . 
Staff ............................................................... . 

2 How is energy consumption reviewed? 
From head office or on location ................................................. . 
Continuously or periodically ............................................................... . 
According to a plan or irregularly............................................... . .. . 

3 If periodically, wl1en was last review? 

4 How is energy consumption analysed· 
a) by department; 
b) by product; 
c) by source; 
d) by month or 11umber of working days {shifts) 
e) per month; 
f) by cost; 
g) between lighting, hot water, space heating, power, refrigeration etc.; 
h) between office, factory, warehouse, transport etc. (see Tables 2, 3, 4)? 

5 Does analysis identify the relationship between consumption of energy level of 
activity? 

6 What units of measurement are used? 
{Convert consumption of different sorts of energy into one unit - also into money.) 

T7. 
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7 

8 

9 

ENCONET lnttrnational 
----- - ~ -~-- -- --- - ----------· ------ - --- ·- ~------------ ----

(a) What are the metering control affangements? 
(N.B. This question includes: how frequently are readings taken; to what 
extent is there sub metering; what records are kept?) 
................................................................................................................ 
............................................................................................................. 

(b) Is sub metering adequate? ............................................................... . 
(c) Should an energy management system be installed? 

............................................................................................................... -----
(d) Would central data logging be cost effective? 

Coal or other solid fuels ............................................................... . 
Steam ............................................................... . 
Gas ............................................................... . 
Electricity ............................................................... . 
Liquid fuels ............................................................... . 
Water. .............................................................. . 
Others ............................................................... . 

Is there an energy consumption forecasfJ1Judget? 
····------------··----··----------·-········----············----

Have standards been set - ie. standard energy consumption for each process or 
building? 

--··································-··························· 

10 Is consumption compc?red with: 
a) previous periods: 
b) other locations: 
c) other companies: 
d) other industries: 
(Does the comparison take account of weather conditions and days worked?) 
·--···············-············································· 

ff Has the managements set targets: 
a) for absolute levels of consumption; 
b) for levels of consumption based on activity; 
c) for levels of idle time; 
d) for percentage cuts in consumption? 

f 2 (a) Does management consider information on ene1gy consumption an 
essential part of the management information system? 
........................................................................... 

(b) If not, why not? 
..................................................................................................................... 

f 3 What steps have been taken by way of propaganda or education of employees, to 
promote energy conservation? 

·································-······························ 
.................................................................... 
.............................. , ................................ . 

································································ 
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EN<.:ONET lnt~m:1tional 

14 What slaps are being/have been taken in re-cycling energy - e.g. sale of 
by-products or scrap (having intrinsic energy content); 
reclamation of energy as heat from air, water, hot products etc.; 
using waste as a fuel? 
................................................................................................................................................... -.... -............. -..................................................... . 
......................................................................................................................................................................................................................... 
............................................................................................................................................................................................................ 

15 To what extent is planned maintenance in operation? 
......................................................................................................................................................................................................... 

···-·-··-·--·--·--·--·····--···························--·····-········-······--------------------········------···--------

16 How often are different classes of plant inspected or tested - e.g. for 
coffosion, cracking, fouling, leaks, malfunctioning steam traps, inaccurate or 
inoperative control devices? 

-----------------------··············-········-·······----------------------------------------------------------·--·--------
----------------------------------·-··········--·····--·······--·-----------------------------------------------------------
---·····-------------------------------------··········----------·-···--·-·-··--------------····-· ----------------------··· 

17 Who controls capital spending budget? 

18 

19 

B 

1 

2 

1z 

(a) Is there tJ list of energy saving investments tmder revtew. ranked i11 order of 
priordy, witlr detailed costing ,111d pay-back calculatinn? 

(b} If not. wfl.Y 110/? 

llas a Sm1key diagram been prepared? 

Sources of energy 

What are the sources of energy used? 
a) Coal or other solid fuels 
b) Gas 
c) Electricity 
d) liquid fuels 
e) Other 

(a) What tariffs are used?. ........................................ .................... . 
(b) Why? ............................................................... . 
(c) When were they last reviewed? .............................................................. . 
(d) Can off-peak tariffs be used? ............................................................... . 
(e) Can you cut maximum demand? ............................................................. . 
(f) Can you improve power factors where it is economical to do so? .. .. . . . . . 
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c 

1 

2 

3 

4 

5 

Ti' 

Uses of energy 

('j. Ef{CO~!:T 
'-·..____,, I N T E A N 1' T I 0 N A l 

Buildings 

(a} Is insulation adequate: 
roof: ............................................................... . 
walls: ............................................................... . 
floors: ............................................................... . 
doors: ............................................................... . 
windows: ............................................................... . 

(b} For what period are buildings heated and lighted: 
hours per day: ............................................................... . 
days p~r year: ............................................................... . 

(c} Is heating controlled manually; by thermostat, time clock etc.? 
................................................................................................... 

(d) What is the temperature? ............................................................... . 
(e) Could the temperature be reduced? ............................................. . 
(f) Does temperature vary from one part of the building to another? 

(g} Is ventilation excessive (often the major cause of heat loss)? 
.................................................................................. 

(h} Are parts of the building heated unnecessarily? 
.......................................................................... 

(i) Are energy efficient lighting fittings and controls used? 

Oil storage 

(a) How are storage tanks heated? .............................................................. .. 
(b) Are they kept at most economic temperature? ....................................... . 
(c) Are they adequately insulated? .............................................................. . 

What are areas of high energy consumption? 

································································ 

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

Is there any risk/evidence of unauthorised use or leakage? 

································································ 

What further steps are being considered to optimise savings and profits? 

······················································································································ 
······························································································· ····················· 
......... ············································································································ 
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ENCONET lnt~rnational 

6 Processes 

(a) Are pipes and tanks adequately lagged? ................................................ . 
(b) Is condensate recovered? .......................................................................... . 
(c) Is boiler and furnace efficiency tested? .................................................... . 
(d) Are process temperature at lowest essential level? ............................... . 
(e) Is the optimum blowdown on boilers maintained? __________________________________ _ 
(f) Is refrigeration plant operating efficiently? ............. __ ._ ........ ________ . ______________ _ 
(g) Are there leaks of steam, hot water or compressed air? ......................... . 

The internal control questionnaire will have highlighted the weaknesses and strengths of 
the energy management programme. 

TZ 
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Walk Through SuTVcy 

Company: ~~~~~~~~~~~~~~~~~~~~~~~ 

Location: ~~~~~~~~~~~~~~~~~~~~~~~ 

:[ ITEM I 

Date:~~~~~~~~~~~~~ 

By:-----------

LOCATION 
.I 

AREA# 7 1 I .\REA # 1 I :\HE.-\ ti :2 :\RE.-\ n J : :\RE,\ ti 4 ! AREA # 5 AREA# 6 
;1 I 

i Trap '.\iaJfuncUon I 
~ -:'rap Le aklrU? 

,: :-.ussmg msmauon rrom Equipment ; I ! I 

:; Pipe Leaking I : ! ) 
I . Equloment Leaking r- - - ; i j 1 
i Condensat~ Dumped to Sewer 

~ Steam Pressure Higher Than Requlred I I I i 
Snuloment Ooeraune: \\11en Not Requlretl I I I i 

' \":Stble Steam Plum"' Fmm Vents : ~ . I I 
· -:ont..r<>I .-\dtus:.ments :~cqulred I I 

\tisceUaneous Comml':nts 
1 ""=,..n~=- . •m~---- I ) 
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l\·leasuring, Metering and i\loniloring 
Checld isl 15-1 
Page I of 2 

Faciliry: ______________ _ Dare: 
--------------------~ - . 

Locarion: _________ _ 
By:_ - ---- -----

Energy 
System 

li)[a~_Q><?_lj_n~--
foral Lighring - -- f 
Proc~;;-Co~t .,_C en ire~ -1 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
.. 
• 
• 
• 
• 
• 
• 
• 

\\'a r d1011sc 

Borlcr Plan! 

Waste Trca1111c111 

Mamlcnance _Shop_ 
!~cf rigcra! ion 
Kirchen 

ffrcrcarion 
< >rlwr 

• 
• 
• 

- 1 

I 

I\ letcrcd EncrgJ· 
\es/No Consumed 

Annual 
Cost 

----- -- -------1--
- - -- -- ------ --r--
-- -- --1·- ---------t-
- ' -- ---- -i-

. 
I 

I 

I 
l 

J 

< ; 

I 1 
l I 

-

lbtal 

' r 
' 
' ~ 
: 

Metering 
1
1 Metering 

Accuracy Confidence 

------- I 
i 
; 

; 

I 
: 

l 

I 

Addiliona 
l\letcrinJ! 
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ENCONF.T lntrrnational 
----------------- -------

Pipe Insulation 

Company: 

Location: 

Steam pressure 
Pipe sl7.c 

Length of pipe 
I lcal loss from Insulated pipe 
(Insulation manufacturer's data) 
Total operating lime 

Steam pressure 
Pipe size 
l...cngt h of pipe 
I feat loss from Insulated pipe 
(lnsulalln11 manufarlurcr·s data) 
Total operating time 

Steam pressure 
Pipe sizr 
l..<'ngth of pipe 
I !cat lo:.s from insuli-tlcd pipe 
(111s11lation mam1fa<'tt1rcr's <l;.tt;..i) 
Total operating time 

Steam pressure 
Pipe sl7.c 
Length of pipe 
I lcal loss from Insulated pipe 
(lnsulallnn rmmufarturcr's dat<t) 
Total operating Ume 

T1. 

Date: -----------

By=-~~~~~~--~-

--·-··-···-·----------- kPa(gauge) (I) 

--·-···· ···------------- (2) 
-·····-········-------·· m 131 

··--··········-········· Wh/m-h) 141 
·-·-·····-·············-· h/yr lfi) 

.... ___ ................ kl'a(~angc) 111 
·····-·---···········-·- 121 
........................ m n1 

··················-····· Wh/mhl 1-11 
......................... h/yr Iii) 

... _ ........ kl ';if g;111i!d 111 
l'.'I 

.......... "' r:i 

..................... \\'h/111 hi 1·11 
···········-· ........... h/)'1 (Ii) 

....................... kl';..ilJ.!all~C) I I) 

. . . . . . . . . . . . . . . . . . . . . . . . ('.l) 

........................ m 1:~1 

........................ Wh/mhl HI 

........................ h/yr (f)) 
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ENCONET lnt~rnational 
--------· ---------- -- -----

Stea111 Trap Swvey 

Company: 

Location: By:-----------

ITEM COMMENTS 

ldcnllflcallon 

1rapType 

Type of Scrvic~ 

Linc Sl7..c 
·------------------ ------- -· ------- --- ------------ - -·-- -

Trap Size 
----------- ---- -- -

Operntln~ l'ress111r 
--------------~--

Cond 111011 of Tr'1 p 
-----------·------·-----· 
Type of Test Used lo 
Determine Condition 

Dale Trap Last Scrvlf'cd 

Date Next Scrvkc rkqulrcd 

------------------------- - --

t------------------------------- ------------- -- . --

Miscellaneous Comments 

------------------------

--------------------------- - -------- ------·--·--------- - . ., ____ ... - -----·. 

--------- ------------------------- -- -·---------- --- ·------- -·· ·- - - -- -- -- -
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\VOl{KSllF:ET 

ELEL TRIC MOTOR.\. 

Electric motor 

Electric motor nameplate power kW 

Number of phases 

Rated voltage, V r v 
--------------------+--- ---------- ---- ...-·-- --
Rated full load current. Ir A 

Rated full load power factor. p fr 

--------------- ---- ---- -- --- -----
Measured voltage, V V 

l\fcasured current. I A 

l\.fcasurcd power farlnr. p f 

Rated motor efllc1c11cy < narneplale). rr111 r 

I /nit electrical cncrgv cost, Cc 

IJnit fuel cost (No 2 oil). Cf 

-(),lCiat1on time, 11_____________________ hr 

-·--------------· ---------- -- -·--

-Mea5llred voltage-loaded.VI _____ --- V 

Measured current-loaded, Ir. -y 

Operation time-loaded, h1. 

Meac;ured voltage-unloaded, V11 v 
Meac;ur-ed currcnf:unioadcd.1

11
____ -A-· 

-Measurcctpower. facic~r-111-1foadccrll- r,, 
-Opera-tlon time-un1oacfCcl. ii-;,------- --- -11r-·· 

·----

--- --- -· --- --·-
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ENCONET lntunational 

SfEAM BOIL~RS 

Quantity of boilers: units 
Type of boiler: 
capacity of steam generation:-------- t/h 
nominal power MW 
annual consumption of oll steam boiler: 
Type of boiler: 
capacity of steam generation: --------- L/h 
nominal power MW 

annual consumption of oll steam boiler: --------- t 
Type of boiler. 
capacity of steam generation: _________ t/h 
nominal power MW 
annual consumption of oll steam bollcr: _________ l 

Total Installed capacity of steam generation: t/h 

Overall nominal power: MW 

Total consumption of the <'rude oil equivalent (in <«~sc thril all boilers r1n· 

operated simultaneously): 1/h 

Antlclpalccl 
operation): 

use of available <'apacillcs (the level ol sim11lla11r•J1ts 

----·~----~' 

Anli<'ipalccl d11rati1111 ol llw working period: 

---------· hours a day or------·---·. clay rt year 

Annual consumplion of I lie nude oil equlva Jeni in slca 111 lini Ins: 

Higher heating value of fuel (state units) : 

Oil storage tanks: 
In the open or tmdcrground 

Storage l<;mpcraturc of oil: oc 
I landllng temperature of oil: --------- oc 

Economisers:---------

Methods of Blowdown -------­

Boller blowdown Oowratcs ---------­

Control of blowdown: 
Waste heal remvery from blowdown: Y / N 

Condcnsa te recovery: Y I N 

Feed waler supply 
Waler t.rcrtlmc11I: Y / N 
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ENCONET lntunational 
--- --- --- --- -. ~ 

Boiler Efficiency Test 

Company: 

Location: 

Boller Number: -----------­

Rated Capacity: -----------

Pressures & Temperatures 

Steam pressure at boiler oullct 
Steam temperature at boiler ourlel 
Water temperature at boiler Inlet 
Cnmbuslion air temperature 
F'uel temperature 
Gas temperature leaving boiler 

Unit Quantifies 

I-:nthRlpy of skam al holler 011tld 
Enlhalpy of fec·d W<ikr lo hniln 
llcal absorbt:d per kg of steam (7-H) 
I liJ.!hcr healinJ.! v;.iluc of flwl (sl<-tll'. 1111ils) 

1 lourly Quanlitic:s 

1\<'lual waler C\'t-1porntccl 
Hale of fuel firing (st;:ilc units) 

C02 
02 
co 

fi"fuc Gas l\nalysis 

N2 by dffTerenee 
Execss air 

Date: 
By: __________ _ 

Fuel F'lrcd: -----
Tcsr Nc1: ----------

·········· ............. kl'a I I I 
121 
1:~1 

(4) 

( :1) 

(ol 

. k-l/l-:1! 171 

. kl/k1! fH) 
... k-1/k!! f'l) 

I I'll 

.................... kl!/11 I I I I 

...................... kg/II 11:~1 

% Volume 

f J fi) 
I 171 
(IH) 

11n1 
(20) 
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I ~ MONTHLY SUMMARY OF COST OF 01 L FUELS (STEAM RAISING) 

I 

Period 
From: 
To: 

Month Opening 
Stock 
litres 

Closing Deliveries Consumption 
Stock 
litres litres litres 

.. 

I 

Location: 
Fuel classification: 
Steam pressure: 

Cost of Pri(:IJ. per litre Steam Raised Efficiency Deliveries Scheduled Actual kg kg 
per litre per cent 

F"rn-..;r.T ,.,,,,..,..,,;,, .... , 
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ENCONET lntenalional 

ANNEX VII 

ENERGY AUDITING TRAINING l\tANUAL CONTENT 

1. Introduction to industrial energy conservation 

l. l . Introduction to energy conservation 
1.2. Energy and environment in developing countries 
1.3. Fundamental concepts - example of OECD countries 
1.4. Developing countries & energy conservation 
1. 5. Ways to improve energy efficiency 
1.6. Industrial energy conservation - potential savings. investment requirements, 

econonucs 

2. Energy auditing 

2. I . Introduction 
2. 2. Energy conservation project planning 
2.3. Role of energy auditing 
2.-t. !\lethodoloro· of energy auditing 
2.5. Instrumentation and measurement 

3. Industrial em . ...-gy systems - description and basic analysis 

3.1. Heat energy (steam and water) 
3.2. Electricity 
3.3. Refrigeration and heat pumps 
3 A. ( 'ompressed air 
3. 5. I lcating., ventilating and air-conditioning 
3.6. Water S\'stcms 

.f. ( · omponenls of induslrial enc.Tgy systems - analysis and calculation 

.f.1. Boilers 

.f.2. Water treatment 

.f.3. Steam and condensate l-ij'stcms 

.f A. Thermal insulation 
4. S. Heat exchangers 
.f .6. Electric motors 
.f. 7. Transfonners and capacitors 
4.8. I .ighting 
4.9. Compressors 
4.10. Process furnaces. dryers and kilns 
4.11. Instrumentation and control 
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5. Integrated energy systems 

5. J. Notes on industrial cogeneration 

6. Renewable energy and fuel substitution 

7. Energy management 

7. 1. Establishing goals 
7.2. The value of a structured approach 
7.3. Monitoring and targeting 
7A. Role of energy manager 

8. Translating energy into cost 

8.1. Introduction 
8.2. Classifying investment projects 
8.3. Preparing the cao;e for investment 
8.4. A case study - preparing financial projeci proposal 
8.5. Financing energy consen;ation projccfs 

9. Project management 

10. Case studies 

11. Checklists 

12. Glossary 

t:NCONU. lntn'Datloaal 
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PROJECT PROPOSAL 
ANNEX \Ill 

-seminars for top management on Energy Conservation w 

1 . BACKGROUND 

A two weeks Energy Auditing Workshop has been recently completed in Oebre 
Zeit, Ethiopia. The workshop was attended by 34 participants from industry 
and related ministries. They have shown a great interest in the Workshop 
subject and reemphasized the dire need for such Workshops and kno~ledge in 
Ethiopian industry. They have also pointed out importance of top •anagement 
support for energy conservation project implementation. 
To start the work with reduced energy use in industry it is a prerequisite 
that the top level management is dedicated and committed to an energy 
conservat~on prograM. To actrieve this it is necessary with information 
about the positive results that can be achieved by an energy conservation 
project. 

2. THE PROJECT 

2.t. The project objective 

The objective of the 
among top management 

project is to 
and thereby 

increase awareness of energy 
create a favorable clim3te for 

energy use within the industrial sector. 

question 
reduced 

The organization and promotion of a company's energy saving activities is 
an important part of an energy conservation project. Top management must be 
dedicated and committed to an energy conservation program, they must be 
willing to provide the resources, both personnel and funds, as required. 
They must believe that energy conservation is ~ost important for the future 
health of their company. 

2.2. OUTPUT 

The project output is: 
- A written material covering the subject of the seminar 
- A report covering the execution of U1e training. 

2. 3. ACTIVITIES 

Short seminars, approximately 2 days, should be h~ld to inform management 
about energy questions and make them ~ware ot what gain their company could 
have from an energy conservation project The numbers of participants 
should be about 20 at each seminar. 

The subjects of the seminar should be: 

- A description of the need for energy conservation pro1ects 
- A description of the work schedule for an energy conservation pro1ect 
- Some for the industrial subsector 1n question feasible energy 

conservation measures 
- Case studies of energy conservation project already carried through 
- Financing Energy Conservation Projects 
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PROJfCT PROPOSAL 

•• '' Tra1ning course in Pn~rgy conservat1on for food processing industry 

1 . BACKGROUND 

The work force ln Eth1opia has a h1gh theoretical level. What is lacking 
is, however, the pract1cal experience ln how to car~y out energy audits, 
identification and design of energy cost reducing measures and how to plan 
and carry out the implementation cf these. To get th1s knowledge IJNIDO 
assistance, in among others the form of training program, are requ1red. The 
food processing 1ndustry, be1ng both energy intensive and part1cularly 
important fo~ the country, is the best subsector to start with. 

2. PROJECT OBJECTIVE 
The first ob)ective of the presented 
key food processing industries and 
conservation technique. 

project is to train personnel from 
institution ln Ethiop1a in energy 

Another ob1ective is to gene~aily increase 
industries about 
selected agency ln 
projects. 

energy conservat1on and 
Ethiopia to be able to 

knowledge within the selected 
to tra1n the personnel of a 
carry out energy conservat1on 

A third ob1ective is to increase the general awa~eness ln the Eth1op1a 
soc1ety about energy conservation. 

The main results of the training courses w1ll be: 
- the eng1neers from the plants shall be able to regularly carry cut energy 
audits at the plant and to update the energy balance regularl,, 
- the eng1neers will be informed on how the energy costs at their industry 
can be reduced 

the engineers can 
conservation technique 
- the engineers from the 

train and inform the1r colleagues ln energy 

counterpart agency shall be able to cont1nue the 
work in more industries of the same 1ndustrial branch and extend it to more 
branches of industry. 
- Many engineers both from plants and from the Ethiopian lnstitutions will 
be trained, both theoretically and practically, in energy consPrvation 
technique. fhis is the best way to see to that interest in energy 
conservation will be spreart among as many as possible. These engineers can, 
follow1ng the tra1ning rrurse, tra1n and inform the1r colleagues in enp-gy 
conservation. 

? . 1 . OUT Pll T 

ThP pro1er.t output is 

- A training manual adopted to the foo<I processrng industrial branch that 
thP training is directed to 
- A report r'.OVP.rtng the exf!cution of thP trr11010g. 
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2.2. ACTIVITIES 

Each train1ng course in energy conservation technique can be held for 20 
eng1neers and technicians. This tra1ning course will take up both pract1cal 
and theoretical matters 1n the area of industrial energy conservation. 
Practical group exercises will be performed in selected factories, e.g. 
measurements. 

The training course will be perfor~ed by threg consultants. Local experts 
should be included as trainers as well. 

The course should include the following: 
- a description of the need for energy conservation projects and a 
presentation of basic energy technology 
- a description of how to analyze the energy system and the energy 
utilization of the factory 
- an analysis of how to plan and carry through the energy audit and how 
this is related to the ent1re energy conservation project 
- a description of the different types of measuring instruments to be used 
for the energy audit and the measuring methods to be involved, and a 
presentation of th~ need for calibration, checking and repairing of the 
instruments 
- a description of the basic calculation formulas to be used to calculate w 
the different energy flows based on the measurement results 
- discussions on practical measures to obtain a more effic1ent utilization 
of energy by means of saving and recovery measures, process changes and by 
a change over to cheaper energy sources. 

The training course will use different methods of instruction such as 
lectures, exerc1ses, group discussions and case studies. The materials has 
to be adopted to the specific needs and to specific processes in the food 
processing. 

The training course will be combined with in-plant tra1ning during the 
practical exercises e.g. in measurement techniques etc. 

An approximate duration for each course is 2 weeks. 
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PROPOSAL FOR REGIONAL PROJECT 

"Energy conservation and energy management 1n industry" 

1. Background 

Recently completed preparatory mission to Ethiopia, Tanzania and Uganda, 
and a two weeks energy auditing workshop in Ethiopia, h~ve indicated a 
great need for policy development, training and implementation of energy 
conservation programmes in the region. 

Several focal points may be recommended: 

-Energy conservation policy development 
-Energy auditing/management techniques and practice 
-Instrumentation and controi in industrial energy systems 
-Financing energy conservation projects 
-Demonstration aspects: full s~ale implementation of small projects 

2. Special consideration 

The project should also aim at promoting technical cooperation among the 
countr1es in the region, in the area of manpower development/trair.ing. It 
is proposed to identify train1ng institution which could be designated as a 
center of excellence for training in energy management and to develop a 
skills of personnel in important industrial branches. Ethiopian Management 
Institute with its excellent facil1ties could be a suitable candidate. 

3. Project objectives 

The first objective of the project is to execute a complete energy 
conservation project for selected factories in the participating countries, 
and to use these industries as a demonstration projects for promotion of 
industrial energy conservation in the region. 

Another objective is to create knowledge within selected industries about 
energy conservation. 

Third ob1ective is to increase the general awareness in the countries about 
energy conservation. 

Fourth objective is to assist in developing energy conservation policy as a 
part of a countries overall energy strateg1es, which should provide 
framework for energy conservation project implementation. 

Fifth ob1ective is to prepare feasib1lity studies for larger scale projects 
and to demonstratethrough that the ways and means for financial evaluation 
of energy conservation projects and their financ1ng. 
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ENCONET International 

TRAINING COURSES ON ENERGY AUDITING 

m 

Debre Zeit, Ethiopia 
Ethiopian Management Institute 

28 June - 9 July 1993 

I. BACKGROUND AND OBJECTIVES OF THE COURSES 

UNIDO, in co-operation with the Governments of Ethiopia, and UNDP, has 
organised a Training Course on Energy Auditing in Ethiopia 16 -27 August, 1993. The 
training courses were attended by 34 participants in Ethiopia. The participants were from 
the Ministries and from public and private enterprises. The training course was developed 
by ENCONET International in co-operation with UNIDO. ENCONET International staff 
members conducted the course. 

In order to prepare for the training course a preparatory mission was carried out by 
EN CO NET lnternationai staff members to Ethiopia during Aµril 1993. This mission was 
requested by the Governments and UNIDO 

During the mission ~NCONET International carried out the following tasks 

- checked the actual status and the need for training in the area of 
energy auditing 

- assisted in the selection of participants 
- visited industrial plants and identified one plant for carrying out 

practical training 
- developed training course manual based on identified needs 
- selected measuring instruments for the energy audits 
- finalised with local authorities concerned and UNIDO all logistic 

arrangements for the course 

The aim of the training course was to strengthen the technical capabilities and skills 
of engineers in Ethiopia on the activities relating to the efficient use of enefb'Y in industry 
thus enabling them to carry out energy audits and identify ways of improving P.tliciency in 
energy consumption 

Based upon the discussions and findings during the preparatory mission a specially 
designed training cour-..l' manual of approx. 800 pages was prepared. The manual is 
comprehensive and incLu' parts for individual study. 

A training course program was agreed upon during the preparatory mission and is 
described in the Annex Ill. The training comprised of lectures. educational films 

Page I 
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ENC'ONET lnttmational 

presentation, practical exercises, work in syndicates and report preparation. The trainin~ 
was carried out as per programme attached The lecturers for particular topics ar; 
indicated in the programme 

A list of the portable measuring instruments delivered to Ministry of Natural 
Resources, Ethiopia, and used during training, is attached to this Volume. 

The course objectives and timing were both rightly conceived which was proved by 
high interest in the course, motivation of the participants (34 of them). and the importance 
assigned by the authorities and media (see attachments). 

The course was organized on residential basis at excellent facilities of Ethiopian 
Management Institute, which was important fact for the Workshop success 

2. PARTICIPANTS 

The most of the participants were from industries where they were responsible for 
maintenance and energy sector, or shift or chief engineers. Few of them were engineers 
from ministries of industry or energy. Their corresponding place of work is indicated in the 
list attached Generally. the level of knowledge of the participants was very high. What 
they were mostly lacking. was the practical experience how to put this knowledge into 
practice 

The number of part1c1pants was higher than expected. which created some 
difficulties with implementation of the practical part of the course, but fact that the course 
was residential and the group work enabled more interactions and direct communications 
between consultants and the participants. so that individual requirements could be 
accommodated. The interest in the course was very high and participants were making 
plans to implement instantly in their own factories some of the techniques learned 

Page .i 
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3. ACHIEVEMENTS 

j_:_IJ~I£Y _ Aud!!imL_ Manual A comprehensive manual on industrial energy 
conservation was prepared for the training course All participants received a copy of the 
manual The aim of the manual is to allow th_ participants to continue stud}ing 
indi\-iduallv 

_.Practical Training,_ The participants' main problem was lack of practical experience 
and awareness "of realistic energy savings possibilities. which has confirmed the initial 
orientation to concentrate the workshop on practical aspects of Energy Auditing The 
practical training at the Ethiopia tannery was a very important part of the course This was 
when panicipants were trained in all the practical aspect of Energy Auditing. and the things 
that could be most easily applied to their own factories 

Gro!lJ>_Work, To be able to cope with the limited time and instrumentation 
available. panicipants were divided into 5 groups and a group leader was nominated for 
each group Each group was given a task to analyse 7 energy subsystems in the tannery 
acwrding to the schedule prepared by trainers (sec attachments) and to prepare a rcpon on 
energy auditing findings It was a simultaneous training in project management and ent.'rgy 
auditing The group leaders \\ere responsible to organise the \\ork within the groups and 
distribuk the specific tasks to the group members The group:-. \\\.'re also holding the round 
tabk- discussions. and memhers were exchanging experiencc from their own factories on 
c\-enda\ pn,hlems 

(ihiups \\ere created ha,·ing in mind participants background trying to ad1ien.· right 
blend of mechanical and electrical ·:ngineers in each group <iroup leaders \\ere selected 
with the assistance of local counterpart who was more familiar \\ ith participants abilities at 
the heginning of the course Group leaders art> inicated on the list of participants 

Systematic r\pQrn(lch Each panicipant was given a set of data collection forms and 
basic data on energy consumption/production in the hre\\cries These were used as 
worksheets helping them to advance through cnerg~· audit practical techniques in a 
systematic manner (sec Annex \.I) Pa11icipants pointed out the appreciation of the 
practical emphasize of the workshop. and the practical \\ork with the instruments. 
measurements and exercise in the factory in particular Basicaily. their main remar~ was 
that thev wanted to have more time for the practical work. hut otherwise they were very 
satist\ \\ ith and receptive for the methodology applied 

Report Pr<uJaration :\s a result each group has delivered a quite comprehensive 
report on energy auditing results. They were working on the report preparation 
indepcndentlv. with trainers helping them when necessar\ In the end. reports \\ere 
evaluated hv trainers. and relevance of the experience gained to the problems in 
participants ov. n factories v.·as discussed 

:\II the reports \\cr1.: quite comprehensive The participants demonstrated 
understanding of the energv auditing ohjcctives and principles in their reports They 
manaµcd to cover all the important aspects of encrgv auditinµ in their report'> \\ithin the 
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time a\ailable The ditfrn:nces between the reports of particular groups were mostly in the 
rompleteness of report St.-ctions Some group spent more time on. for example. accurate 
calculation of the radiation heat losses of the boiler on the account of analvsis of 
refrigeration system The reason for that was the lack of experience in assessing the 
relative importance of singie tasks within the overall objective of assessing the energy 
conservation opportunities in the whole factory The particular interest was paid for 
translating energy savings into monetary sa\ings. describing this way the financial benefit 
of the energy conservation opportunity implementation 

Qeliveries. Each participant received a copy of training manual. energy audit 
questioner. and set of \\Orksheets National counterparts were provided with the set of 
instruments In addition. a set of 12 short video films ( 15 min each) describing relevant 
topics in energy auditing. E!'iCONETs software package for er;ergy consumption 
analysis. and a copy of E\ERC'OST - UNIDO software for financial evaluation of energy 
conservation opportunities were also pro,ided to the local counterparts 

Local counterpan \1r Tariku Tafore of Ethiopian Energy Authority was 
instrumental in providing the facilities for workshop implementation He assured faultless 
organization of all logistic arrangements and smooth running of the workshop We 
discussed the workshop programme during the preparatory mission and prior the 
\\Orkshop. and the methodology proposed and applied was praised by \1r Tafon: Wt.> can 
recommend \1r Talerl' as a resource person for the future programmes 

The local counterpart provided for transportation for participants and trainers daih 
rdreshmcnts. lecture room and facilities. photocopving and seactarial assistance 

4. RECO\l'.\IE'.\DATIO'.\S 

There is a great need for training courses in energy auditing and industrial ent.>rgy 
conservation in Ethiopia The completed course on energy auditing can he carried out a 
number of additional timt.>s in order to reach mor~ industries. and participants from other 
regions \\'hat is also lac!-.ing is awareness of energv conservation potentials on all len:ls 
from the equipment operators. to engineers and managers. accountants and policv makers 
This facts makes ditlicult to promote energy etlic1ency and introduce energy· management 
into evcrvday· practice 

The \\Orkforcc in Ethiopia has adequate bcl of theoretical knov.ledge What is 
lacking. hm\.cvcr. is the practical experience in how to carry out energv audits. 
identification and design of cnergv cost reducing measures and hm\ to plan and cam· out 
implementation of these 

The environmental auditing. which was hricth introduced. also raised considerahk interc,:t. 
\\hich indicates that the needs for training and as-;istance in this arl'a ha\c to he ass.:ssed 

l'ac~· '' 
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.-k..:ording t,1 thl' pa11i..:ipants rl'marks. thl· 1llhl'r pmhk·nh arl' 

-la..:k of thl' supp1lrl from top manageml'nt. 
-lack of a\\arl'ness on l'lll'rgy ..:onsen;ation potl.'nt1als. 
-missing or out of orJl'r instnmtl'ntation in the fa..:tories \\ hich is necl'ssarv to 
monitor and control l'nergy consumption. 

-lack of continuous l'nl'rgy consumption analysis and monitoring. 
-lack of information on and a\·ailahilit~ of energy l.'llicient te..:hnologies. 
-need for additional training on preparation of financial proposals 

fi.)r energv nmsl.'n-.uion projects 

Rl'garding the workshop itself the main rl'mark was that the timl.' was some\\ hat 
short for thl.' ambitious programme prepared. and that the residl'ntial course \\ ould be 
probably more l'tl\:cti\ e in achil'\ ing the training objedin:s I hmewr. participants \\erl.' 

pleased with thl' l'mphasi.tl' on the practical \\ork 

To address the prnhlems rl'cognised. more \\orkshops sl111uld be held hut as :i 

rcsidl'ntial in 11thl'r rl'gi1ms of Lthiopia. and lixusl'd on particular industrial branch This 

way it \Hllll-1 bl' p11ssihll' to g.11 morl' in dl'pth intn rdatl'd tl'chnPlngil's and empha:-.isl' 

rcle,ant pradical aspl'clS tllr thl' sdl'..:tl'd industrial branch 

PdP! 1.·111:r~\ cortsl'I'\ al ion pr11jl'1:h -.hPtild hl· carried out 111 \.·I, hl' co-Ppl'rat i11n \\it h 

thl' staffnf-.1..'kdnl indu ... 1ri;1I plants and hical 1·1>111lll'rpart - \11'-ISIRY 01· \.·\rl R \I 

RFSOI R< I S. \\ hich could c11ntllllll' 1h1.· '.\111 I-. 111 !111..' lillurl' 

\nPlhl'I l'''>l'ntial part i' tn incrt'.l'l' !ht· :t\\arl'nl',S 11f 1he-.1.· ,lul'-.tion .. ;1mnn;.! In!' 

managl'nh.·ni ,p that thl' c1Hll(Mllll'S 11.·all\ p.t\ at1eJ111on 111 l'nl'r~\ c1>11'l'na1ion 

-to .,dl'l'n thl' lll'l'ds tiir training 11n l'nl'r~\ conscnation .ind l'll\ ironml'ntal 

prohkni-; 111 thl' countrrl's liir dill~rl'nl tar~l'I groups su1.:h <h 1 ipl'rator:-.. l'llt!Hh.'l'h 

man;t!.!l'I'>. trainl'r.. pnlit:\ makl'h. linanc1al pl'oplc. cti.: 

-to prq1:trl' and hl'ld -.l'minars li11 tnp mana~l'mcnt on tin.111..-ral aspl'cts of clll'lt!\ 

cori..l·n a11on opportunitil's. 

-add rt ronal \\ orbhop' on cnl'rg\ audit in~ for spl'cilic rndu '! ri;d 

.,l'CI or:-. in Ill hl'r ll'_!.!ions of Ft hiopia. 
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NAME AND NUMBER OF PARTISIP.'\\;TS WHO ARE GOING 

TO PARTICIPATE ON THE TRAINING UF E:'l:ERGY AUDITl!\:G 

FOR 1.i DAY-SAT DEBR-\-ZEYIT M.-\\:-\l;E\1ENT INSTITUITE. 

NO. 

·-
1 Alo Asnake Tegenawe !Eth1op1an Hutels Admimstratton 
2 . Elias Kefela ··----1Mugne7Cernent Factory 

3 . Degefu Debele ! ,, . u 

4 1· Taddessa Melaku !Addis Tyre CO.S.C. 
5 1: Negeru Mulualeme !B~ha:D~r O~ Factory 
6 Gebru Bezuayehu i 
7 " Yoseph Abrehame IAddis Ababa Cigarette Factory 

I 9 ,. Mekonene Gedawe !Ethiopian Electric Light & 
I 
1 _ ----· I Power Au!hority 

:---,-O--.-IH-A-ke-l-1l_u_N_e_g_a_tu-.- ·-· --~~_?mt)?~~t1:a ~!:~tile F~~ory _ 

11 ! " Gashaw Egegu : Nat1or.a1 Alcohol & 

----r-
12 I" Genene Endaie 

I 
I I ·--- -- ------ -- - - -
! 16 ; " M1!ialo.u K·~bede 

17 i" Abrahame Teshom" ,__ _____ ,_ -· --------·- .... 

1 18 1" Tesfaye Zeleke 
,-----~---·-- --- - - -- -
I 19 I" Zewdu Tatesse __ JA~~1_s Al1:;11a §rew~_y· ___ . _ 

QVANT!Tl" 

I 1 

I 
I 2 I 

I 1 
I 
I 

2 
1 ____, 

i 

·------L-----
1 

i 
l 
' - ------ _______ _._,, . . 

2 
l 

- ------ "----------
1 r- .._ __________ . 

L ' 20 --k- Hashem Gemale . _ 
21 !" -~ohannesse Tse9a 

-4~,,,~1~:>(1 y ;1f ii1_J_L~~~---·-·· 
:Awassa Tr:xtile Fac!Ory 

1 
-+------ -----

1 

L 

; 22 I" Fekeru Ha1lu 
r-23---::-·sesera1 Testaye 
~---·-t--·----·-·--·---. 

i 24 .. Abebe Adanekulu 
'-· 
I 25 " Mohammed Bekur 

I -
26 " Berhanu Belaye 

.. 

27 Master Mersha Demoze 

28 w/t Yetmyet Berhanu 

-·-1------ - - ------------ -

1D1re Oa•:•a Tt~x!lle Factory 
--·--- ------ -

:Hara1e 81;,,·.•:1y 

__ ---~8a-l1~.'-l!.<t•_i~:J(111e Fa<.;tory ··- --·---~~~- 1- _J 

I 
M1111s11 y or U1 l)an Development ; I 
and Construction i 1 

I 
____________________ ___, 

. Ethiopia Tannery I 1 ~ 
IShoa Robe! Tobacco Fact~~y_ ____ I 1 _ 

29 Ato Getasetege AmdeT 

30 " Azanaw Aklog 

31 " .2.ekeleyohannes ~_m_ 

'

Eth1op1an Energy Authority J i 

es1on 1 " " " 

1 

. 

de j : :: :: ± 4 
~ 

~ 
32 " Amanuel Haile - .. 
33 .. Gedey Gamochen 

l 34 " Tarnerat Clierenet _.....___ -------- --·- ---

-:~ -=t~~i:' ;";,:·~:~l~;L ,--: ~ ~-:__ ---1 ·~-=-1 -
J_ ·~ -" " ---- 2 
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\' or nergy, \ . 
Conservation Stressed 

by a STAFF REPORTER 

Participanbl of a workshop on nlt:" indumial enterprises. according 
energy auditiog were rnninded res- to :a press relea:-.e. 
terda1 that tbeie was ~ need for 

exploring the J>Ol!Sibilitf of reducing The 1iin o( \he worLhop is lo 

... 
-~to reprmeotatives of fac: • 

Cones attending the parle1, Ato Fin­

a.bun Akalu, Vice Miaieter o£ the 

·Ethiopian Energy Authority, said en­

«gy sariog is ODe atta lo make (ac · 

tones both more efficient and profil. 

abk .. As has been proved by studie' 
here and abroad", he noted, .. enP.r· 

. gy .58riDgS can go from 25·5'> per cent 

ci your tDftgy expenses". 

The ~week. workshop un­

derwa1 et the Ethiopian Mana­
~ent IDl9litut.e et Debre Zeit 
WM orga.oiud by IUNIOO (Unit­

.eel Natkis Industrial Development 

Orgaoizatioa) in cooperation "with 

UNDP (United Nu.iom Developmen• 

Program) and the Ethiopian Energy 

Autborjfy and ia being attended b1 

35 participaots. These are all profe.;. 

lioaal persc.:aael from public and pri. 

ere~ awareness or energy S8Vlt:' 

J".T~•n:f '"~) ~·• - ' .-...L~_ . . \.COD.5ervation manegewelll _- •mon 

people respansible for energy and m. 

in industry, or ckaling with ener~ 

c:.On.servation at other institutions, an 

ahereby create a favourable climal 

for reduced energy use within ihr 
country. 

The worl.-..;hap is eitpected to CO\ e 

introduction in indU!trial ener,,. 
consen·ation, including altf'.mati\ 

sources of energy production :iystr.111 

em-ironment and legal consideratio 1 

basic principles of organizing energ• 

management at enterprise level, tech 

oique of energy conservation, energ 

audit principles and project plannin,.,: : 
etc. . 

Other than the one being n~w h1 

here, similar workshops on eners. 

auditing will be held in Tanzania •• 
•Uganda, the pres.. releue said. 

~tJt.1.fre ·- ~ 

I 
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SYSTEMS 
------~----- --

1 BOILER 
HOUSE 

GROUP1 

MONDAY 
14-16 

E'.\< ·o'.'it:T lntt>rnational 

GROUP2 

TUESOAY 
9-11 

GROUPJ 

TUESDAY 
11-13 

GROUP4 

TUrSDAY 
14-16 

GROUPS 

WEDNESDAY 
9-11 

IHSTRU_ME_NTS 
Flue gas anal 

Pyromele1. P1tol · 
Prand! probe. 
Thermometer 

l--~---~--~4-~--~~-1-~~~~--4--~-- -·-~~~__,~~~-~+-~ 

2. STEAM & J_~OT 
WATER 

3. CONOENSA fE 
RETURN 

------
4 COMPHESSED 
AIR & 
DISTRIBUTION 
SYSTEM --- ---1 5 fRESH WATER 
TREATMENT 
SYSTEM 
------- ---

6 WASTE 
WATER 
THEATM[Nf 
SYSTf-M 
------ - - -------

I UL:CIHICllY 
SYSTEM 

8 DHAYr_HS 1 

8 ORAYIRS 2 

9 TRANSPORT 

-- ---------

10 WASIE 
MATERIAL 

J!JES.QA.Y 
9-11 

"Bestobcl". 
~,ONO~ y \!Ys~§l)~Y, _ _J!J_~-Q~_-':. .::::-TUE_S_Q~ Y _ , -~ Pyrometer. 

14-16 ·11-13· -··1113· -- M-16 

-----

TUESDAY TUESDAY 
14-16 11-13 

TUESDAY TUESDAY 
11-13 14-16 

------

TUESDAY MONDAY 
14-16 14-16 

--~ - --- --

TUESDAY MONDAY 
14-16 1·1-16 

- ----- ------ -

Wf-ONl'.SDAY WI DNI :;D/,y 
11 -13 'J-11 

Wf.ONESDAY WLONf'.;r)AY 
9-11 11-13 

MONDAY TUESDAY 
14-16 14-16 

---- ----------

MONDAY TUESDAY 
14-1C 14-16 

~--

MONDAY 
14-16 

TUESDAY 
9-11 

-- ----

TUESCAY 
14-16 

------ - - -

rurSDAY 
14-16 

- - --

JIJl'.;111-y 

1·1 16 

~------

WENSDAY 
9-11 

---

MONDAY 
14-16 

-- --- -------

MONDAY 
14 16 

------ --- -

MONDAY 
14-16 

I tJI :;DAY 
'J 11 

Wl:DNl"'.-)DAY Wf DNI SDAY 
9-11 11-13 

MONDAY TUESDAY 

14-16 14-16 

----- -- - -- -- ·- ---- - --

MONDAY TUESDAY 
14-16 14-16 

P.ICJI! I 

TUESDAY 
9-11 

WEDNESDAY 
11-13 

.__ 

TUESDAY 
14-16 

Manometer 

Slop-wc:itch 
Thermometer 

Bask'!! 

Thermometer_ 
Anemometer 

Collect1on of 
ava1l.sble data 

-------·----- - - --

TUESDAY 
14-16 

- --~-------

MONDAY 
14-16 

TUESDAY 
11-13 

MONDAY 
14-16 

MONDAY 
14-16 

Co!leclion of 
.iv.1:1 1!:lt• oia!J 

r)n ..:.:~e 

rJ1p .;n :\ m·~·k~ 

Ar" ·m• 1rnel er 
Tht.:rrnometer 

An.-:momctcr. 
Thermometer 

Coil(;ct1on of 

available data 

-

Collect1on of 
av;ifable data 
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GROUP 1 

SYSJ(M 1 

SYSlLM :2 
-----

SYSIT"M 3 
--- -- ---

SYSll M 4 
-- -------

~YSffM 5 
---- --- ---
SY~TFM 6 
---------

SYSTLM .. 
I 

svsn Ma 

::)YSlUI. iO 

Sl'STE:M 1 
SYSTEM: 
SYSTEM 3 
SYS I EM 4 
S l'S !EM., 
s (·.> n_::~.~ r: 
sv~, rn~ ; 
s ,,. .. ff:~.· ·'i 

~;,::rrM-< 

~..:,(·,(! ~.~ ·r; 

::. f . ! I •,• . 

~.Y·.11~.~­

s·t·,ff',~: 
- -
SY:--lt=M4 
~.l'~,flM 'J 

:::W:-'jffM t) 

~~y~~ Tl-M i' 
SY:::. ffM I~ --- --
~_;y:;rf.M ~; 

SY'.;f! M 1c ; 

GROUP4 
SY~H:M 1 --- . --
SYSTEM:' 
SYSILM -~ 
SY'...iTFM 4 \ 
sY'~iri;M •, ··· 1 
---- -----· __ ., 
SYSff.M 6 I 

SYS fFM l 
SY~-;ffM 8 
-· - -

MON::AY 
14 16 

--- ---- -

----

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

-~~,:~ r:'- ~~-:-.~-:~ _' 

r.~·)rJG1W I 
14-rn 

MONDAY 
14-16 

-:-::-:: ·--~:=--=---:-

ENCONET International 

llll-SOAY 
9 11 

TU!:SDAY 
11-13 

------+-----~ 

----------~----- - -·- -

---- - - - -----+.--

rr;f · .• :J/W 1 ruL ·JUAY 
'l11 J_ ___ 1_1~i1 

.•• ' )'.. • • \ I I. - . )"f 'DAY j "•l _If( ·;l.,/ lJ·~·: ~if_::, 

: 9n 11.13 
i 1 -- -- --- =- - -
I • 

I 

--- ----··-. - -·- --- - -·-- -- __ 1 ___ _ 

ru1_::,[)AY TULSDAY Wt-ON[SOA WUJrJESDAY 
9-11 11-13 14-16 9-11 11-13 

: . .c-. ~"":":: ::-:-..===:-:-=--= -~ .. ------ - --· ---~-:-~~~:-:--::. --- ---

~ - ~ -· ., 

. ; . . 
- ~ ' . ~' .:,._ ' 

,.. . ·.. . .. , .. -~4- ,. 
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GROUPS 
SYSTEM 1 
SYSTEM 2 
SYSTEM 3 
SYSTEM 4 
SYSTEM 5 
SYSTEM6 
SYSTEM 7 
SYSTEMB 
SYSTEM9-
SVSTEM10 

MONDAY 
14-16 

- . . . -·-' . -

TUESDAY 
9-11 

TUESDAY 
11-13 

TUESDAY 
14-16 11-13 
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MEASURING INSTRUMENTS FOR THE ENERGY AUDIT TRAINING COURSE 

2 pcs 

2 pcs 

1 pcs 

1 pcs 

1 pcs 

1 pcs 

pcs 

pcs 

pcs 

pcs 

2 pcs 

pcs 

1 pcs 

2 pcs 

2 PCS 

2 set 

Electronic thermometer, Testoterm 
incl. long, short,surface and immersion 
temp. probes 

Silicon paste 

Inf rared non-contact thermometer 

Solomat humidity meter with 
probes 

Testovent 490 air velocity meter 
with probe 

Prandtl tube, long 

Micromanometer, electronic, digital 

Stop clock with 100 mm dial 

Bestobell steam leak detector 

Electrical energy analyzer 

Clamp-on Mulimetar MX 1200 

Combustion efficiency analyzer Neotronics 

Lux Meter 

Notebook Computer, 4 MB RAM, 40 MB hard disc 
with Windows 3.1. MS Word 2.0, MS Excel 4.0 

Portable CANON Bubble Jet printer (BJ-10) 

diskettes 3.5" and ribons 
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E~CONET International 

TRAINING COURSES ON ENERGY AUDITING 

m 

Dar Es Salaam, Tanzania 

TIRDO 

2 -13 August 1993 

I. BACKGROUND AND OBJECTIVES OF THE COURSES 

UNIDO. in co-operation with the Government of Tanzania, and UNDP, has 
organised a Training Course on Energy Auditing in Tanzania 2 -13 August. 1993. The 
training courses were attended by 13 participants in Tanzania. The participants were from 
the Ministries and from public enterprises. The training course was developed by 
ENCONET International in co-operation with UNIDO ENCONET International staff 
members conducted the course. 

In order to prepare for the training course a preparatory mission was carried out by 
ENCONET lnterna?ional staff members to Tanzania during April 1993 This mission was 
requested by the Governments and UNIDO. 

During the mission ENCONET International carried out the following tasks: 

- checked the actual status and the need for training in the area of 
energy auditing 

- assisted in the selection of participants 
- visited industrial plants and identified one plant for carrying out 

practical training 
- developed training course manual based on identified needs 
- selected measuring instruments for the energy audits 
- finalised with local authorities concerned and UNIDO all logistic 

arrangements for the course 

The aim of the training course was to strengthen the technical capabilities and skills 
of engineers in Tanzania on the activities relating to the efficient use of energy in industry 
thus enabling them to carry out energy audits and identify ways of improving efficiency in 
energy consumption 

Based upon the discussions and findings during the preparatory mission a specially 
designed training course manual of approx 800 pages wac; prepared The manual is 
comprehensive and includes p:irts for individual study. 
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A training course program was agreed upon during the preparatory mission and is 
attached as Annex 111 The training comprised of lectures. educational films presentation. 
practical exercises. work in syndicates and report preparation The training was carried out 
as per programme attached The lecturers for particular topics are indicated in the 
programme. 

A list of the portable measuring instruments delivered to Ministry of Natural 
Resources, Tanzania. and used during training. is attached 

The course objectives and timing were both rightly conceived but the attendance 
was lower than expected - 13 participants. Due to financial constraints of local counterpart 
course couldn't be organised as residential. neither the support (travel and accommodation) 
for the participants outside the capital could be provided Consequently, the participants 
were mostly from the capital or nearby towns 

2. PARTICIPANTS 

The most of the participants were from industries where they were responsible for 
maintenance and energy sector. or shitt or chief engineers Few of them were technicians. 
and the rest were engineers from ministries of industry or energy Their corresponding 
place of work is indicated in the list attached 

The number of participants was lower than planned ( 25 expected) and their level of 
knowledge was ditlerent. but smaller groups enabled more interactions and direct 
communications between consultants and the participants. so that individual requirements 
could be accori1modated The interest in the course was very high and participants were 
making plans to implement instantly in their own factories some of the techniques learned 

All of the participants were regularly attending the workshop From time to time 
some of them were required to attend short meetings at their workplace This is also a 
reason more which supports residential type of workshop organization. because in that 
case disruption by regular work duties would be minimal 

One of the reason for lower attendance was that awareness of the management on 
importance of energy conservation is low, therefore they were reluctant to release the staff 
from the work duties Also. if the workshops would have been organised as a residential, it 
would have contributed to both higher attendance and more interactions between the 
consultants and participants, and among participants themselves 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

1:1\CO'.\ ET lntemational 

3. AClllE\'E'.\IE'.\TS 

Ene.rgy t\l!ditin_g~\_1am,1~j A comprehensive manual on industrial energv 
conservation was prepared for the training course All participants received a copy of th~ 
manual The aim of the manual is to allow the participants to continue studying 
individually 

_.Pract_i~JtL(rainj!l_g The participants' main problem was lack of practical experience 
and awareness of realistic energy savings possibilities. which has confim1ed the initial 
orie11tation to concentrate the workshop on practical aspects of Energy Auditing The 
practical training at the Tanzania breweries was a very important part of the course. This 
was when participants were trained in all the practical aspect of Energy Auditing, and the 
things that could be most easily applied to their own factories 

_Gro!Jp Work To be able to cope with the limited time and instrumentation 
available, participants were divided into 3 groups and a group leader was nominated for 
each group Each group was given a task to analyse 5 energy subsystems in the brewery 
according to thl.' schedule prepared by trainers (see attachments) and to prepare a report on 
energy audiring findings It was a simultaneous training in iJroject management and energy 
auditing The group leaders were responsible to organise the \\ ork \\ ithin the groups and 
distribute the spccitic tasks to the group members The groups \\ere also holding the round 
table discussions_ and members \\ L'rL' L'xchanging experience from thl.'ir 0\\ n factories on 
C\"Crvday problems 

Groups \\CH~ created having in mind participants background tning to achieve right 
blend of mechanical and electrical engineers in each group (iroup leaders were selected 
with the assistance of local counterpart who was more familiar \\ ith participants abilities at 
the beginning of the course Group leaders are inicated on the list of participants 

Systematic Approach Each participant was given a set of data collection forms and 
ba~ic data on 1.:nerg\ consumption, production in the brcv.eries Thesl.' were used as 
\\orksheets helping th1:m to advance through energy audit practical techniques in a 
systematic manner I sl.'e Annex \'I) Participants pointed out the appreciation of the 
practical emphasize of the \vorkshop. and the practical work with the instruments. 
measurements and e\l.'rc1se in the factory in particular Basically·. their main remark was 
that they v.anted to have more time for the practical work. but othcrn isc they were very 
satisfy with and recepti\·e for the methodology applied 

Report Preparation As a result each group has deli\ered a quite comprehensive 
report on energy auditing results Thcv were working on the report preparation 
independent Iv. \\ ith trainers helping them when necessary in the end. reports were 
e\aluatcd lw trainL'r-.. and relevance of the experi1.:nce ga111ed to thL' problems in 
participants 0\\11 fa1.:tories v.as discussed 

All the reports were quite rnmprchcnsive The participants demonstrated 
understanding of the l.'nergy auditing obje1.:tivcs and principles in their reports Thev 
managed to 1.:mcr all the important aspects of energy auditing in their rqmrh \&,,ithin thl.' 
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time available The ditlerences between the reports of partirnlar groups \\ere mostlv in the 
completeness of report sections Some group spent more time on. t()r example. a-ccurate 
calculation of the radiation heat losses of the boiler on the account of analysis of 
refrigeration system The reason for that was the lack of experience in assessing the 
relative importarn.:e of singlt> tasks within the overall objective of assessing the energy 
conservation opportunities in the whole factory The particular interest \\'as paid for 
translating energy savings into monetary sa\·ings. describing this way the financial benefit 
of the energy conservation opportunity implementation 

l)~J_iv~rje~ Each participant received a copy of training manual, energy audit 
questioner. and set of worksheets National counterparts were provided with the set of 
instrnments as specified in the attachments and remaining copies (up to 2o) of the manual 
In addition. a set of 12 short video films ( 15 min each) describing relevant topics in energy 
auditing. ENCONET's software package for energy consumption ant>lysis. and a copy of 
ENERCOST - lJNIDO software for financial evaluation of energy conservation 
opportunities \\ere also provided to the local counterparts 

Local counterpart Mr Robert Nindie was instrumental in providing the facilities 
for workshop implementation We discussed the workshop programme during the 
preparatory mission and prior the workshop_ and the methodology proposed and applied 
was praised h~· him We can recommend \Ir '\indie as a resource person for the future 
programmes 

The lncal counterpart pro\·ided for transportation for participants and trainers_ dailv 
refreshments_ lecture room and facilities. photocopving and secretarial assistance 

5. RECOt\l \I E;\;D:\TIO'.\S 

There is a great need for training wurscs in energy auditing and industrial energy 
.:onservation in Tanzania The completed cour~e on energy auditing l.'.an be carried out a 
number of additional times in order to read1 more industries. and participants from other 
regions What is also lacking is a\\areness of en·.::rµ' l.'.onservation potentials on all lc\els 
from the equiprncnt operators. to engineers and nw11gers. acniuntants and polil.'.v makers 
This facts makes ditlicult to promote energv etfo.:iency and int rodun: energy management 
into evervdav practil.'.e 

!'he workforce in Tan;ania has adequate level of theoretical knmvledge What is 
lacking. IHn\C\er. is the practical experierKe in hov. to l.'.arr\ out energy audits. 
identification and dc·;ign of ener~v cost reducing measures and h<m to plan and cans out 
implementation of these 

The t'll\ 1ronrnental e111di1 ing. vd1ich \\as hrielh introduced. al ... o raised consider able 
in11..·rest. v. hid1 mdii:ates that I hi.: needs for I rainin~ and assist anl.'.e in I his area have ro he 
asse:;sed 

I', Ii'...: fl 
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According to the participants remarks. the other problems are 

-lack of the support from top management, 
-lack of awareness on energy conservation potentials, 
-missing or out of order instrumentation in the factorie.;; which is necessary to 
monitor and co:itrol energy consumption, 

-lack of continuous energy consumption analysis and monitoring, 
-lack of information on and availability of energy efficient technologies, 
-need for additional training on preparation of financial proposals 
for energy conservation projects. 

Regarding the workshop itsel( the main remark was that the time was somewhat 
short for the ambitious programme prepared, and that the residential course would be 
probably more effective in achieving the training objectives. However, participants were 
plc:ased with the emphasize on the practical work, and some of the skills practiced were 
revelation for some of them. 

To address the problems recognized, more worksh1.1ps should be held but as a 
residential in other regions of Tanzania, and focused on particular industrial branch. T.1is 
way it would be possible to go more in depth into related technologies and emphasize 
relevant practical aspects for the selected industrial branch 

Pibt energy conservation projects should be carried out in close co-operation with 
the staff of selected industrial plants and local counterpart - TlRDO. which could continue 
the work in the tUture 

Another essential part is to increase the awareness of these questions among top 
management so that the companies really pay attention to energy conservation 

Following the initiative of Dr. Hurry Suresh of t;NDP, TIRDO managed to 
arranged a short meeting with some managers of the factories which sent their engineers to 
the workshop. A brief presentation was arranged for them. and their interest, questions. 
and reactions proved the need to increase the awareness of the top managers for energy 
conservation 

To stl'nmarized. the following is recommended. 
-to screen the nl!eds fix training on energy conservation and environmental 
problems in the countries for different target groups such as <iperators, engineers, 
managers, trainers, policy makers. financial people. etc 

-to prepare and held seminars for top management on financial aspects of energy 
conservation opportunities. 

-additional workshops on energy auditing for specific inch1strial 
sectors in other regions of Tanzania, 

-implementation of energy conservation prcjects in seb.:ted factories, 

-training on use oft 11'\IDO's ENl:RCOST solhvarc package 

Page 7 
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It is our pleasant duty to thanks to staff of TIRDO. Dar Es Salaam. and local 
UNIDO oftice ;n Tanzania. who all did their best to facilitate successfol workshops 
implementation The staff of Tanzania Brewery were also instrumental in providing 
opportunities for practical training. 

Finally, participants motivation and hard WLrking approach were crucial for the 
Workshop success 
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ENERGY AUDITING WORKSHOP 

?ARTICIPANTS UST 

NAME INSTITUTIONnNDUSTRY REPRESENTED 

1. Mr. Kobelloh Leo.J. 

2. Mr. Mate~ Mapunda 

, 3. Mr.Phidelis Lassway 

4: Mr.Limbu Julius Kajilo 

5. Mr.Michael Haoraga 

6. Mr. Magessa, D.M. 

7. Mr. Prosper R. Lut~gar.ya 

8. Justin Tarimo 

9. Mr. Kazonda, S.M. 

10. Mr. Mtulimbogo, V. 

Tanzania Breweries Ltd. 
P.0.BOX.9013. 
DAR-ES-SALAAM. 

TIRDO, 
P.O. BOX 23235, 
DAR-ES-SALAAM 

National Bicycles Co. 
P.O. BOX2827 
DAR-ES-SALAAM 

Friendship Textile Mill Ltd. 
P.O.BOX20842 
DAR-ES-SALAAM 

Tanzania News Agency, 
P .0 BOX 4755, 
DAR-ES-SALAAM. 

Tanzania Petroleum Dev .corp 
P.O. BOX 2774, 
DAR-ES-SALAAM. 

Group Leader 

Group I cCldcr 

Ministry of Water, Energy and Minerals (Energy 
Department), P.O. BOX 2000, DAR-ES­
SALAAM 

TIRDO, 
P.O. BOX 23235, Group reader 

DAR-ES-SALAAM. 

DARBREW LTD. 
P.O. BOX21251, 
DAR ES SALAAM. 

TIRDO, 
P.O. BOX 23235, 
DAR-ES-SALAAM 
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11. Mr. J.J. Mbago 

12. Mr. A. Abeid 

13. Mr. Kilemo,N. 

TIRDO, 
P.O. BOX 23235, 
DAR-ES-SALAAM 

TIRDO, 
P.O. BOX 23235, 
DAR-ES-SALAAM 

TIRDO, 
P.O. BOX 23235, 
DAR-ES-SALAAM 
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MEASURING INSTRUMENTS FOR THE ENERGY AUDIT TRAINING 
COURSE - TANZANIA* 

I set Spare parts for flue gas analyzers 

I pcs Water pollution detection kit 

I pcs Temperature calibrator 

I pcs 486 desktop personal computer, 
4 MB RAM, 80 MB hard disc, color monitor, 
with Windows 3.1. MS Word 2.0, MS Excel 4.0, 

I pcs EPSON letter quality matrix printer AJ format 

2 set diskettes 3 5'' and ribons 

I pcs CANON photocopier MP 3050 

I set spares for photocopier 

I pcs Toshiba A/C 

•NOTE 

TIRDO (Tanzanian Industrial Research and Development Organization). implementing 
agency for the project in Tanzania, has got already niost of the instruments proposed on 
the list for Uganda and Ethiopia These were supplied through the World Bank technical 
assistance project 

Page I 
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WORK.PLAN FOR THE PRACTICAL ENERGY AUDITING 

IN THE TANZANIA BREWERY 

ENERGY GROUPS 

SYSTEMS I 2 3 

I. STEAM 
THURSDAY THURSDAY FRIDA\' 

900 )030 900 

2. COMPRESSED AIR 
FRIDAY THURSDAY THURSDAY 

900 900 1030 

3. REFRIGERATION 
FRIDAY FRIDAY THURSDAY 

1030 900 900 

4. ELECTRICAL 
THURSDAY FRIDAY MONDAY 

1030 1030 900 

5. WATER 
MONDAY MONDAY FRIDAY 

900 900 1030 

6. OTHERS 
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ENCONET lnterna::ional 

TRAINING COURSES ON ENERGY AUDITING 

m 

16 -27 August 1993 

I. BACKGROUND AND OBJECTIVES OF THE COURSES 

UNIOO. in co-operation with the Governments of Uganda, and UNDP, has 
organised a Training Course on Energy Auditing in Uganda 16 -27 Au~ust, 1993. The 
training courses were attended by 17 participants in Uganda. The participants were from 
the Ministries and from public enterprises The training course was developed by 
ENCONET International in co-operation with UNIOO. ENCONET International staff 
members conducted the course. 

In order to prepare for the training course c. preparl.ltory mission \\as carried out by 
ENCONET International staff members to Uganda during April 1993. This mission was 
requested by the Governments and UNIOO 

During the mission ENCONET International carried out the following tasks: 

- checked the actual status and the need for training in the area of 
energy auditing 

- assisted in the selection of participants 
- visited industrial plants and identified one plant for carT)ing out 

practical training 
- developed training course manual based on identified needs 
- selected measuring instruments for the energy audits 
- finalised with local authorities concerned and UNllX> all logistic 

arrangements for the course 

The aim of the training course was to strengthen the technical capabilities and skills 
of engineers in Uganda on the activities relating to the efficient use of energy in industry 
thus enabling them to carry out energy a1.idits ond identify ways of improving efficiency in 
energy consumption 

Based upon the discussions and findings during the preparatory mission a specially 
designed training course manual of approx. 800 pages was prepared The manual is 
comprehensive and includes parts for individual study 

Page' 
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A training course program was agreed upon during the preparatory mission and is 
attached as Annex Ill. The training comprised of lectures. educational films presentation. 
practical exercises. work in syndicates and report preparation The training was carried out 
as per programme attached. The lecturers for particular topics are indicated in the 
programme. 

A list of the portable measuring instruments delivered to Ministry of Natural 
Resources. Uganda. and used during training. is attached 

The course objectives and timing were both rightly conceived but the attendance 
was lower than ~xpected - : 7 participants (see attachments) Due to financial constraints of 
local counterpart course couldn't be organised as residential. neither the support (travd and 
accommodation) for the participants outside the capital could be provided Consequently, 
the participants were mostly from the capitals or nearby towns 

2. PARTl('IPAl'\TS 

The mo~1 of the participants were from industries where they were responsible for 
maintenance and energy sector. or shift or chief engineers Few of them \\Cre technicians. 
and the rest were engineers from ministries of industry or energy Their corresponding 
place of work is indicated in the list 

The number of participants was lower than planned I ~5 cxp.!cted > and their level oi' 
knowledge \\as different. but smaller groups enabled more interactions and direct 
communications between consultants and the participants. so that individual requirements 
could be accommodated. The interest in the course \\as wry high and participants were 
making plans to implement instantly in their own factories some of the techniques learned 

All of the participants were regularly attending the workshop From time to time 
some of them v.ere required to attend short meetings at their workplace This is also a 
reason more which supports residential type of workshop organization. because in that 
case disruption by regular work duties would be minimal 

One of the reason for lower attendance was that a\\areness of the management on 
imponance of energy conservation is low. therefore they were reluctant to release the staff 
from the work duties Also. if the workshops would haw been organised as a residential, it 
would have wntrihuled to both higher attendance and more interactions b~1ween the 
consultants and participants. and among participants 1hemsel••es 
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3. ACHIEVEMENTS 

Energy Auditing Manual. A comprehensive manual on indlistrial energy 
conservation was prepared for the training course. All participants received a copy of the 
manual. The aim of the manual is to allow the participants to continue studying 
individually. 

Practical Training. The participants' main problem was lack of practical experience 
and awareness of realistic energy savings possibilities. which has confirmed the initial 
orientation to concentrate the workshop on practical aspects of Energy Auditing. The 
practical training at the Uganda breweries was a very important part of the course. This 
was when participants were trained in all the practical aspect of Energy Auditing. and the 
things that could be most easily applied to their own factories. 

Group Work. To be able to cope with the limited time and instrumentation 
available, participants were divided into 3 groups and a group leader was nominated for 
each group. Each group was given a task to analyse 5 energy subsystems in the brewery 
according to the schedule prepared by trainers and to prepare a report on energy auditing 
findings. It was a simultaneous training in project management and energy auditing The 
group leaders were responsible to organise the work within the groups and distribute the 
specific tasks to the group members. The groups were also holding the round table 
discussions. and members were exchanging experience from their own factories on 
everyday problems 

Groups were created having in mind participants background trying to achieve right 
blend of mechanical and electrical engineers in each group Group leaders were selected 
with the assistance of local counterpart who was more familiar with participants abilities at 
the beginning of the course Group leaders are inicated on the list of participants 

Systematic Approach Each participant was given a set of data collection forms and 
basic data on energy consumption/production in the breweries These were used as 
worksheets helping them to advance through energy audit practical techniques in a 
systematic manner (see Annex VI) Participants pointed out the appreciation of the 
practical emphasize of the workshop. and the practical work with the instruments. 
measurements and exercise in the factory in particular Basically. their main remark was 
that they wanted to have more time for the practical work. but otherwise they were ve1y 
satisfy with and receptive for the methodolory applied 

Repoa__frepar~tion. As a result each group has delivered a quite comprehensive 
report on energy auditing results They were working on the report preparation 
independently. with trainers helping them when necessary. In the end, reports were 
evaluated by trainers, and relevance of the experience gained to the problems in 
participants own factories was discussed 

All the reports were quite comprehensive The participants demonstrated 
understanding of the energy auditing objectives and principles in their reports They 
managed to cover all the important aspects of energy auditing in their reports within the 
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time available. The differences between the reports of particular groups were mostly in the 
completeness of report sections. Some group spent more time on, for example. accurate 
calculation of the radiation heat losses of the boiler on the account of analysis of 
refrigeration system. The reaIDn for that was the lack of experience in assessing the 
relative importance of single tasks within the overall objective of assessing the energy 
conservation opportunities in the whole factory. The particular interest was paid for 
translating energy savings into monetary savings. describing this way the financial benefit 
of the energy conservation opportunity implementation. 

Deliveries. Each participant received a copy of training manual, energy audit 
questioner, and set of worksheets National counterparts were provided w;th the set of 
instruments as specified in attachments and remaining copies (up to 26) of the manual. In 
addition, a set of 12 short video films ( 15 min. each) describing relevant topics in energy 
auditing. ENCONETs software package for energy consumption analysis. and a copy of 
ENERCOST - UNIOO software for financial evaluation of energy conservation 
opportunities were also provided to the local counterparts. 

Local counterpart. Mr. M S Wamboga and Mr W.M. Wakoli of MINISTRY OF 
NATURAL RESOURCES were instrumental in providing the facilities for workshop 
implementation We discussed the workshop programme during the preparatory mission 
and prior the \\Orkshop. and the methodolOb'Y proposed and applied was praised by Mr 
Wamboga Unfortunately. he got ill after the first day of <he workshop, so could not work 
more closely Therefore Mr Wakoli was in charge to pro\ide the necessary logistical 

support 

The local counterpart provided for transportation for participants and trainers. daily 
refreshments. lecture room and facilities. photoc<.'pying and secretarial assistance 

4. RECOMMENDATIONS 

There is a great need for training courses in energy auditing and industrial energy 
conservation in Uganda. The completed course on energy auditing can be carried out a 
number of additional times in order to reach more industries. and participants from other 
regions What is also lacking is awareness of energy conservation potentials on all levels 
from the equipment operators, to engineers and managers. accountants and policy makers 
This facts makes difficult to promote energy efficiency and introduce energy management 

into everyday practice. 

The workforce in Uganda has adequate level of theoretical knowledge. What is 
lacking, however. is the practical experience in how to carry out energy audits. 
identification and design of energy cost reducing measures and how to plan and carry out 

implementation of these. 

Besides. it should be noted that according to our opm1on, the rarticipants in 
Uganda were less aware of importance and potentials of energy conservation and less 
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familiar with basic techniques and instrumentation for energy auditing A reason for that 
could be that Uganda was less exposed to technical assistance in energy field before. To 
our knowledge there were no similar projects previously carried out in Uganda. while in 
Ethiopia and Tanzariia similar projects were supported by the World Bank before. 
Consequently. the interest of participants. altW>ugh very high in all the countries. was 
particularly strong in Uganda after reaching the initial results on potential savings from the 
practical exercises. which were a real revelation for them. Even more. the participants form 
the Uganda Breweries, which was the case study factory, spent extra hours over weekend 
to get more in depth in the analysis of the factory energy c<'nsumption. Therefore. we 
firmly believe that additional assistance in energy conservation field in Uganda is both. very 
much in need and to reach keen and eager to learn audience. 

It is not to say that the other countries do not need the assistance any more. but 
that the positive impact of the pervious assistance can be recognised. which is only 
encouraging to continue with further efforts to put energy conservation on the every day 
agenda of both. policy makers and industrialists. 

The environmental auditing. which was briefly introduced. also raised considerable 
interest. which indicates that the needs for training and assistance in this area have to be 
assessed. 

According to the participants remarks. the o!her problems are 

-lack of the support from top management. 
-lack of a\l•·areness on energy conservation potentials. 
-missing or out of order instrnmcntation in the factories which is necessary to 

monitor and control energy consumption. 
-lack of continuous energy consumption analysis and monitoring. 
-lack of information on and availability of energy etlicient technologies. 
-need for additional training on preparation of financial proposals 
fi.lr energy conservation projects 

Regarding the "orkshop itsett: the main remark was chat the time was somewhat 
short for the ambitious programme prepared. and that the residential course would be 
probably more effective in achieving the training objectives However. participants were 
pleased with the emphasize on the practical work. and some of the skills practiced were 

revelation for some of them 

To address the problems recognised, more workshops should be held but as a 
residential in other regions of Uganda. and focused on particular industrial branch This 
way it would be possible to go more in depth into related technologies and emphasise 

relevant practical aspects for the selected industrial branch 

Pilot energy conservation projects should he carried out in close co-operation with 
th~ staff of selected industrial plants and local counterpart - MINISTRY OF NATURAL 
RESOURCES, which could continue the work in the future. 

Another essential part is to increase the awarcnes .. nf these questions among lop 
management so that the companies really pay attention to energy conservation 
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To summarised. the following is recommended: 

-to screen the needs for training on energy conservation and environmental 
problems in the countries for different target groups such as operators. engineers. 
managers. trainers. policy makers. financial people. etc. 

-to prepare and held seminars for top management on financial aspects of energy 
conservation opportunities. 

-additional workshops on energy auditing for specific industrial 
sectors in other regions of Uganda. 
-implementation of energy conservation projects in selected factories. 
-training on use of UNIDO's ENERCOST software package. 
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MEASURING INSTRUMENTS FOR THE ENERGY AUDIT TRAINING 
COURSE 

2 pcs Electronic thennometer, Testotenn 

2 pcs Silicon paste 

1 pcs Infrared non-contact thermometer 

1 pcs Solomat humidity meter 

1 pcs T estovent 490 air velocity meter 

1 pcs Prandtl tuoe 

1 pcs Micromanometer, electronic, digital 

1 pcs Stop clock with 100 mm dial 

1 pcs Bestobell steam leak detector 

I pcs Electrical energy analyzer 

2 pcs Clamp-on Mulimeter MX 1200 

I pcs Combustion efficiency analyzer Neotronics 

I pcs Lux Meter 

2 pcs Notebook Computer, 4 MB RAM, 80 MB hard disc 
with Windows 3.1, MS Word 2.0, MS Excel 4.0 

2 pcs Portable CANON Bubble Jet printer (BJ-I 0) 

2 set diskettes 3 .5'' and ribons 
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WORK.PLAN FOR THE PRACTICAL ENERGY AUDITING 

IN THE UGANDA BREWERY 

ENERGY GROUPS 

SYSTEMS I 2 
.., ,, 

I. STEAM 
THURSDAY THURSDAY FRIDAY 

900 1030 900 

FRIDAY 
2. COMPRESSED AIR 

THURSDAY THURSDAY 

900 I 900 1030 

3. REFRIGERATION 
FRIDAY FRIDAY THURSDA\. 

1030 900 900 

4. ELECTRICAL 
THURSDAY FRIDAY MONDAY 

1030 1030 900 

5. WATER 
MONDAY MONDAY FRIDAY 

900 900 1030 

6. OTHERS 


