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I. INTRODUCTION 

The consultancy services (assistance to the Energy Policy and 
Management Training Centre, Budapest, Hungary) were subcontracted 

through UNIOO for the project OP;RER/83/003 "Industrial Energy 

Conservation Network". 

Demonstration of the application of the Mobile Diagnostic Unit 
(MOU) from Pilsen (CSSR) for energy auditing in a Hungarian in­

dustrial enterprise within the first, introductory course of the 
Energy Policy and Management TrLining Centre in Budapest, held 

on 2 - 6 October 1989, was the objective of the subcontracting. 

Since the energy auditing represents one of the most important 

activities of energy manageme~t, it was considered strongly ad­

visable to demonstrate an energy audit in industry to the par­

ticipants in the training course as well as to the staff of the 
Network Training Centre (NTC) Budapest and to representatives 

of various Hungarian institutions. 

The expected outputs of the subcontract were as follows: 

a) Trained personnel of the NTC and participants to the training 
course in the principles and steps of energy auditing in indu-

stry. 

b) Technical report on energy ~udit of one heat consuming unit in­
cluding the conclusions and recommendations on possible improve-

ments. 

c) The energy audit is also expected to bring about benefits in the 

form of saved energy. 
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II. PARTICIPANTS 

fhe training course and the in-plant demonstration of the mobi­
le diagnostic unit were attended by the representatives of: 

- Bulgaria (2) 
- Czechoslovakia (2) 

- Poland (1) 

- Romania (1) 

- Yugoslavia (4) 

and by the representatives of Hungarian institutions: 

- EGI Budapest (Institute for Energy; Network Training Centre) 

- AEEF Budapest (State Au,thority for Energy Mana~ement and E-

ne~gy Safety) 
- EEO Budapest (Energy Efficiency Off ice) 

- Technical University of Budapest 

- Oigital-Comp Budapest 
- Energy Engineering Research and Development Services Ltd., 

Budapest 
- SZIKKTI Budapest (Central Research and Design Institute for 

Silicate Industries) 
- Alf~ldi Porcel~ngy~r H6dmez~rv~s~rhely 

III. LANGUAGE 

All the programme was conducted in English and all the delive­

red and elaborated materials were typed in English, too. 

IV. ORSANIZATION 

The training course was held in Budapest from 2nd through 6th 
October 1989, attended by one representative of the subcontrac­
tor (Mr. Vladimir Nov9), who deliv~red the lecture "Energy Au­
diting with Mobile Diagnostic Unit" (abstract of the lecture 
see in Annex 1 to this Report), some informative materials on 
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the mobile diagnostic unit and also presented the training video 
programme of the UNIOO-r.zechoslovakia Joint Progr2mme, Non-metal­

lic Industries, Pilsen, "Energy Auditing". 

The energy audit was carried out in the sanitary ware and porce­
lain production plant "Alfoldi Porcel~ngy4r" at Hodmezorv~s~rhe­
ly from 4th through 6th October 1989. The MOU crew was accompa­
nied by two Hungarian energy auditing experts co-operating with 

the NTC (and by employees of the factory), who got acquainted 
with all the details on preparation and implementation of the 
audit. The participants in the training course and some other 
Hungarian representatives attended one-day in-plant training on 
6th October. The audit was finished by elaboration of the Tech­
nical Report (containing conclusions and recommendations on cer­
tain improvements of the audited device operation), which was 

distributed to the "Alfoldi" enterprise and to NTC representa­
ti~es. The Technical Report is enclosed as Annex 2 to this re-

port. 

Concerning the financial matters, the OSA of the MOU crew and 
the cost of diesel oil in Hungarian territory were covered by 
the host (NTC) organizatior., while all the other expenses rela­

ted to delivery and demor.stration of MOU in Hungary (including 
the MOU crew salaries) were covered by the subcontractor • 

V. CONCLUSIONS AND RECOIOtENOATIONS 

1. Successful implementation uf the MOU presentation and fulfill­
ment of all the expected aims were enabled by excellent prepa­

ratory work and mutual co-operation of all the involved parties. 

2. The participants in the MOU presentation consider the MOU con­
cept of energy auditing as very P.fficient tool of energy manage­
ment and technological optimization. A great appreciation was 
also given to the s~ecial software package, which had been deve­

loped in Pilsen for energy auditing purposes. 
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3. E~perts of the NTC, participants ir. the training course and rep­
resentatives of other Hungarian institutions were trained in the 
principles of energy auditing by means of a lecture, training vi­
deo programme and mainly in-plant mobile uiagnostic unit presen-

tation. 

4. The Technical Report on the audit of a t~rnel kiln for porcelain 
glast firing was elaborated (see Annex 2), including a proposal 
of measures for improvement; higher output of the kiln and reduc­
tion of specific heat consumption of the firing process by about 
5 - 10 \ should be reached after realization of these measures. 

5. Hungarian side expressed their interest in further involvment 
of the UNIOO-Czechoslovakia Joint Programme, Non-metallic Indust­
ries, Pilsen and the Research Insti~ute for Ceramics, Refracto­
ries and Non-metallic Raw Materials, Pilsen, into the activities 

of the Network Training Centre in B~dapest. 

6. Mr. K. Oomszky, Director of the Energy Engineering Research and 
Development Services, Ltd., Budapest will come to Pilsen in No­
vember 1989 to negotiate with Mr. Z.A. Engelthaler, Chief Execu­
tive of the UNIDO-Czechoslovaki~ Joint Programme, Non-metallic 
Industries, Pilsen the possibilities of a joint construction of 
mobile diagnostic units and exchange of instrumentation for ener­
gy audits, available in Hungarian and Czechoslovak markets. 



• 

Vladi•ir 

Annex 1 

N o v y , Research Institute for Ceramics, Refractories 
and Non-metallic Raw Materials, Pilsen, 
Czechoslovakia 

Energy Auditins with Mobile Diagnostic Unit 
(ABSTRACT) 

lhe principles u( Enr.rgr ttonagcmcnt Programme are explained in 

the beginning o( the lecture with e1111hag ls on utilization o( moblle 

energy auditing means, especially mobile diagnostic units (energy 
buses) or so called energy auditing kits • 

Different goals and approaches to energy audit process are 11en­

tioncd with the conclusion that the complex engineering approach la 

the most efficient. The main steps which an energy audit ls consis­
ting o{ are presented, a~ well as the conclusio11s and contributions 
that can be expected. 

In the !ollowlnn part uf the lecture some technical demands on 

mobile dlegnosl"ic units equipment arc dl!ic;\Jsscd together with C'<amp­

les of instrumentation for mea~urement o! ~asic values, as tempera­

ture, prcssur~, flow velocity, hum!dity, chc111ical analysis, electri­
cal values and others. Posslbilitlr.s of obtained data ;>roccsslng are 
presented wl\h !l1c stress upon a per9onal computer utilization (or 

• compilation or \he final technical report on the audlt. 

At tho end or the lecture so111c experience and econo111lc results 
gained.with mobile lllaynostic units bolh in Czecho!Jlovakia and abroad 
are mentioned and readiness or Czechu5lovak exJ>crts to assist Coreign 
countries in the (iold of enoryy audlllny ls remembered. 

II I I I I 

Ill II I II I 11 
I I I I 1111 11 11 
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!lesearch Ins ti tut.e for Ceramics. Refractories and Hon -metal 1 ic 
Rav Materials, Pilsen. C~cchoslovakia 

in co-·operat ion wi t.h 

UNIDO-Czechoslovakia Joint. Progra11111e. Non-metallic Industries. 
Pilsen 

T E C H N I C A L R li: P 0 H T 

on energy audit.ing in ALF6LOI PORCEl-AHGYl.R. 

(porcelain product.ion) 

H6dmez6v:Ssar hel y. Fh.mg.:sr y 4.10. - e.10. 1geg 
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I. INTRODUCTION 

The energy audit. ... as carried out in lhe sanitary and 

porcelain product.ion o: ALF6L..DI PORCELANGYAR H6dmez6v~sArhely 

from 4 October through 0 October 1989 as a parl of demonst.ra­

li on ener· gy audi ls in Hungary. 

The audils were carried out. according lo the mut.ual agreement. 

among lhe Research Inst.it.ule f'or C&ramics. Refractories and 

Non-metallic Raw !-falerials. Pilsen. UNIDO Czechoslovakia 

Joint. Programme. Non-metallic Industries. Pilsen. lhe Energy 

Efficiency Office of lhe St.ale Aulhorily for Energy ~.a.nagement. 

and Energy Safely C AEEF ) in co-opera~ion wilh lhe Minist.ry 

of Industry and the Research and Desi9n Inst.ilut.e f'or 

Silicate Industry C SZIKKTI ). wit.hin the aclivit.ies under 

the UNDP/UNIDO pr·oject •DP/RER/83/003 " Industrial Energy 

Conservation Ne~wor·k " 

Complex measurements of one tunnel kiln for glost. firing 

of porcelain r·epresented t.he object.ive of lhe audit.. 

Tiu? measurements and data processing were car·ried oul by means 

of u,e mobile diagnostic unit. of the Research Institute f'or 

Cer·amics. Refract.ories and Non-metallic Raw Materi~ls in 

Pi l sen. Czec. tis l ova~ i a. 

of a•.idi Ls 

f •.i l f i 11 menl of al l •,he .<a 1 ms wer e er,abl ed by excel 1 ent. 

~1r ~par-.<story 

parties. 

wor k .s nd rn•.Jl •.ia l -=. o ·-oper at 1 on of a 1 1 involved 
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TLHEL KILN FOR GLOST FIRING Of PORCELAIN 
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II. SELECTED SPECIFICATIONS 

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

- t.unnel kiln for glos~ firing oC porcelain 

C VEB Spez1albauJcombinat. Magdeburg • 1908 ) 

- fuel 

- firing t. emper at ur· e 

- lengt.h of t.he ki 1 n 

- inside cross-sect.ion 

- length of t.he lei l n car 

- number of kiln cars in 

- firing cycle 

-· set.ting 

- Jcil n furni t.ur e + lining 

- average pr· oducli on 

the k:i l n 

natural gas (38.69 JcJ.m-a, 
n 

1300 Deg.C 

70 m 

1.1 x1 m C WxH) 

1. '5 m 

50 

29.2 h 

1018 kg/car 

1720 kg/car 

174.8 kg/hour 

4196.e k:g/day 
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III. MEASl.RED Atl> CALCll...ATED VALlES 

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

A.. THERMAL BALANCE OF TUNNEL KLN 

1. INPUTS 

a. I NPli""f BY CALORIFIC VALUE OF THE FUEL. 

"Ille gas flow met.er was used t.o measure energy consumpt.ion of 

t.he t.unnel kiln. re•ding average in t.hree days. Average gas 
• -1 

consumption 112.14 m .h wit.h very low fluct.uat.ions less 
n 

t.t1en 1% c.orresponds t.o the input. 1205.2 kW. C see Table 1.2) 

b.INPUT BY ACCUMULAIBD HEAT IN GOODS AND KILN CARS. 

Entering the kiln at an enhanced t.emperature C see Table 3) 

t.he goods and kiln cars represent. fur·ther input. of 5.2 kW . 

c. OTIIER I NPl!I'S. 

All other media C firing air. air for cooling) ent.er the-

kiln at. t.he ambient. t.emperat.ure. Since for the calculat.ion 

this t.emperalure was la.ken as zero level. the relevant 

input.s ar·e eq1Jal to zero. too. Combr.istion air· is preheated 

in cooling zone of the k i 1 n so th'"'t. it. t1:.i.s no effect. on the 

'- tier rn.d l b.<tl .s r1(. e. 

IOTAL INPUT or THC KILN 1210.4 KW 



2. OUTPUTS - LOSS£S 

a.. FLUE LOSS. 

Veloci t.y C by Anemometers ) and temperat.ure of flue gases 

were measured . Relevant. data measu.-ed are shown 

pages 12 and 13. 

Average flde loss calculat.ed 

b.LOSS BY COOLING AIR. 

. . 235.14 kW 

on t.he 

Tilis loss was measured and calculat.ed by the same method as 

in the case of flue loss Ce.g. Anemomet.ers measurement. and 

lemperalure measurement.).Tile air from cooling zo~e is either 

used for drying. 

pages 14 and 15. 

Relevant. da.t.a rne•sured are shown on t.he 

The 1 oss by cooling air in the ti me of . }asure.enl was : 

492. 42 t• 

c.SURFACE LOSSES. 

Tile kiln was divided inlo several sect.ions for t.he purpose 

of lhe measurement.. Average surface t.emper al ur • was 

calculated from measurernent.s for t.he lef"t. side. r·ight. side 

<:arid roof of the kiln. Radia.t..ion. convect.ion a.nd t.otal losses 

wer·e calc.ul<:at-ed. For deU.1led dat_a see Table Nr.4. 

lotal surface losses of t.t~ kiln i 212.5 tW. 



d :_:)SS BY A<:Cl!MULATED HEAT. 

7err.perat.ures. of lhe goods.. li.iln furnit.ure. kiln car lining 

and st.eel chassis were measured to calculat.e t.he loss by t.he 

heat. accumulated in the material leaving t.he kiln. Da.t.a on 

lhe mass of these mat.er i al s were obt.ai ned from t.he plant. 

management.. llae det.ailed dat.a gives Table Nr.5. 

Total loss by accumllated heat 

e. OlllER LOSSES. 

. . 74. 2 lcW 

Losses t.hrouoh t.h• linino of t.he kiln cars into t.he 

inspect.ion t.unnel. losses int.o t.he fundaments of t.he kiln. 

heat. for physical-chemical cha.noes in f'ired mat.erial and 

especially loss by leakaoe C bet.ween kiln cars. t.hrouoh 

sight. holes. through opened outlet. of the kiln ) play a 

:!ec1 si ve role in this it.em.. 

Table Nr. 0 shows t_he thermal balance of t.he kiln. 

Graphically it. is present.ed by Senkey•s diagram on t.he page 23 

B. SPECIFIC HEAT CONSUMPTION. 

---------------·--------------

Tot;.l ir1p•.1l of t.he lei 1 n 

Pr -:,due. t.1 on ( ;.ver •ge) 

Spec l fl c he•L cons•.1mpt.1 on 

' ' . 

4357 MJ/h 

174. 8 li.gA1 

24925 kJ/lc:g C'5953 kc;.lAg) 



C. TECHNOLOGICAL PARAMETERS. 

Pi lot. kiln car. equipped wit.h lhree Pt.-Pt.Rh 10 

thermocouples was used t.o measure firing curves in lhe t.unnel 

lei 1 n. 

Pressure curve. firing curve. CO and CO cont.enls in t.he z 
kiln at.mosphere. body composit.ion of porcelain and scheme with 

posit.ions of" individual t.hermocouples in t.he pilot. kiln car 

are present.ed in t.he next. pages. Commenls on t.echnologica.l 

parameters are ment.ioned in t.he cha.pt.er· IV. 



CH4 85.87 
•. -------------1 

C~Hb 5.66 I. 
c:;Ha ~ -..... "I. .... _,.: 

IC4HI(• l. 16 7. 
•:5Hl2 ?.., '1. . ·-'"-
CoHl4 .06 ,._ 

N~ l. lb 7. 
C02 3.45 x 

Caler.value 38. 6911 MJ /mn··-3 

Data of stechiometric combustion - n=l 

Air 10. 18 mn .... 3 
C02max 12.42 x • 
Dry flue gases 9.20 mn""3 
Wet flue gases 11.26 llWl .... 3 

Table Hr.2 .Volu•e,coapositioh a~d properties of flue qases. 

Gas consumption 
Air excess coeff. 
Total ai,,. cons. 
Flue gases temp. 
Input 

112.14 
b.00 

6850.62 
113 
4338.82 

Specific heat cont. t.322 
Absolute humidity 0.0189 

Vol.of flue gases(mn·'·3/hod J 

Density Ckg/mn-' 3J 

02 c 7.] 
N2 ! % J 
C02 { 'l.] 

H20 (I.] 

I I II I II I 1111 II I 11 I I I I I 111 111 I I 

Dry 

6740.20 
l. 30 

17.50 
8 1). 60 

1. 90 

inn"3/hod 

Dgr.C 
HJ 
kJllnn""3. K 
kg/IN'l""'3 

Wet 

6971. 37 
1.28 

16.92 
77.93 
1.84 
3.32 

I I I 111 I 111 I I I I 11 

m PC·IT 
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Table Hr. J .Input heat accua lated in kiln cars. 

COMPONENT AV.TEMPERATURE 
CDegree Cl 

Goods 

Porcelain 27 

Auxil. mat:er1al 

Plat:e 30 

Car lining 

Bricks 38 

Car 

St: eel 32 

Tot: al accumulated neat 
Y.iln car interval 
Total loss by ace.heat. 

MASS 
Ckgl 

102 

102 

614 

614 

634 

634 

370 

370 

11.0 
35.0 
5.2 

' 
II I I II 

HEAT 
[%} 

0.9 

21.4 

66.7 

11.0 

U1J/ki ln 
C.tinl 
CkWl 

.. 

ACCl.Jr'I. HEAT 
[11J] 

0.1 

0.1 

2.4 

2.4 

7.3 

7.3 

1.2 

1.2 

earl 

1111 PC·IT 
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Tunnel ~iln No.2 - Chimney 

cm 
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t .... - • 
, • ... T . -. ~ ~ ·, 

! : -" .. _ 
( -~ ... ;.t loss 

:;~•·-<t 

: t··-· -·. 

: .T· , - j 

[kW] 

. . j 
[ 
j 

~ •. 1 ~ -::+ 
. . . . J 

I 
:~. 4 : 

: . :,.-. ! 
2 . .::5.14 ~ 

846.~·=-· • 
I 

1 -- -_J __ -

5-10-1909 
~-•·· 

1

1 _ A·.·r:rage 

113.00 
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t.90 
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VLJI< Pl_ZE.N 
14 

t . ~ & : )l 

Tunnel kiln No.2 - Outlet of cooling air 

1:;. 48 • t • "')C' . ~. _..., 

[m/~J 

17.15' 16.4 ' 

l . ·, 

- - , .. 

i 

5 .. 1 o .. 1989 

•' .... 

I ll I ) I ''"" , y f ' 

. :!' 

17.65 , lb 

! 1 F. ·· • r.. r- _ 

1~:~ -;-~~.;.~; ~~:~;~; ~.,,;:~ ;-- - ---L--------- ~--------

1 St at 1 c r·,.-:·';-<;'.11re [f·c?:J 

l~~~r. ~m!0c1t~ rm•c] 

Heat loc:s 

! H~;:-,t ~~mount 
I 
L -------· -·-· 

[ MJ lh l 

' 
1 24. (I<) 

1772.71 

l <= •: ..,, l 
...J. ·-' _;. 

J ... ·- -· ···-- -

124.00 

1 h. 38 

3.56 

492.42 

1772.71 

15.53 

--· - - ----- --·-------
1811 PC·IT 
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T.it>l~ Hr • -f • 5u!' .,. 3,=~ l•·~ -£.~::. 

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

SECT. SURFACE AMBIENT SUF<FACE EMISSIVITY RAD. CONV. TOTAL 
TEMF"ER. TEMPER. LOSSES 
(Deg.Cl (Deg.Cl [m ·21 [kWl [ ~:Wl CkWl 

-

inp. L 27 .24 8.4 0.80 0 0 (, 

inp. R 27 24 8.4 0.80 0 0 0 
in.roof 37 33 7.0 0.85 0 0 0 
pr eh. L 56 ...,,..,. 43.2 0.80 6 6 11 ,)...) 

pr.roof 74 51 34.3 0.85 6 6 11 

preh. R 46 28 43.2 O.t30 4 4 B 

fir 1. L 74 42 51.3 0.80 11 10 20 • ft .roof 93 59 46.8 0.05 13 13 26 
firl. R 66 32 51.3 0.80 11 11 21 
fir2. L 74 49 36.0 0.80 6 5 11 

f2.roof 99 bl 32.9 0.85 11 10 21 
fir2. R 77 35 36.0 0.80 10 10 19 
cool. L 59 42 107.4 0.00 11 9 21 
c.roof 67 53 98.0 0.85 10 9 18 
cool. R S6 35 107.4 0.80 13 12 25 

TOTAL SURFACE LOSSES = 212.5 [kW) 
-- - -- ·------

!&II PC·IT 

• 
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Table Hr. S .Output heat accu•ulated in kiln cars. 

COMPONENT AV.TEMPERATURE MASS HEAT ACCUM.HEAT 
[Degree Cl Ckgl [1.] [11.J] 

Goods 102 4.2 b.6 

Porcelain 97 102 6.b 

Auxil. material bl4 38.6 b0.2 

Plate 130 614 b0.2 

Car lining 634 41.4 64.S 

Bricks 132 634 64.5 

Car 370 15.8 24.5 

Steel 150 370 24.5 

Total accumulated heat 155.8 Cl'1J/kil n earl 

• Kiln car interval 35.0 Cminl 
Total los~ by ace.heat 74.2 CkWl 

1811 PC-IT 
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Table Nr. S . Heal balance of the tunnel kiln No. 2 

INPUT 

LassES: 

by calorific value 
of lhe fuel 

by accumulated heal 
in goods and kiln car 

flue losses 

cooling air 

surf'ace losses 

accumulated heal 

at.her 

1205.2 

5.2 

235. 1"' 

492.42 

212.5 

74.2 

190.14 

99.0 

0.4 

19."' 

40.7 

17.9 

0.1 

10.3 
~------·---·-----. ------------- -------------
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THER~·1AL BALANCE OF THE TUNNEL KILN No.2 

accu11anla ted heat 

other losses 

ace 

osses 

cooling air 

100::( INPUT 

6.1:( 

16.3~ 

17.5~ 

19.'t~ 

'tO. 7"J 
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IV. CONCLUSIONS At«> REC01+£1t>ATIONS 

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

Result.s of measurement.s carried out on t.he t.unnel kiln No.2 

have shown. t.hat. t.his kiln is run at. quit.• opt.iau• f'iring 

condit.ions det.erained f'or 

measurement.s t.he kiln unit. 

respect. t.o specif'ic f'uel 

product.s. 

t.he f'iring of' chinaware. During 

has shown very good result.s vit.h 

consupt.ion and qualit.y of' f'ired 

Despit.e t.his some imperf'ect.ions have been revealed af't.er 

t.he evaluat.ion of' measurement.s: 

a) a great. q1Jant.it.y of false air is sucked t.hrough lhe kiln 

ent.rance which rRSult.s in considerable dilut.at.ion of' f'lue 

gases and cooling of t.unnel kiln cars in t.he modules 1 - 4 

C see t.he healing curve ) 

b) result.s of t.he pressure curve ineasurem1tnls show t.he all 

t.he kiln is run in underpressure 

c) cer·t.ain concent.rat.lon of' co
2 

was found in t.he cooling zone. 

which is t.he consequence of part.ial exhaust. of f'lue gases 

through t.he direct. cooling of t.he kiln 

b) r_o r.:.1-=.e '-h~ power of lhE- b;sc~ c.•.1rt.il1n to cr·eat.e an 

ovl".:!r pr ~:.;.•Jr e of dppr 0.1"'.1 rnat.el y '5 P<'l .-..t the end of t.he hot. zone 
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' c) after the previous measures are carried out the exhaust 

of flue qases should be adjusted (lowered) to enhance the 

pressure in preheatinq zone in order to obtain value of about 

- 5 Pa at the kiln entrance. 

Contributions ex~cted: 

Better sealinq of the kiln and lower pressure difference 

between ambient and kiln atmosphere will lover the aaount of 

cold air sucked into the kiln in preheatinq·zone. This cold 

air causes at present relatively hiqh teaperature difference 

between top and botto• of the settinq (about 200°C) in prebeat­

inq zone. 

Better temperature equalization will enable hiqher speed 

of kiln cars and hence also lover specific heat consumption of 

the kiln by about 5-10,. 

We thank to employees of the ALFOLDI PORCELAIN factory and 

Mr. Bacsa and Mr. Szulyok fro• SZI~KTI Budapest for establish­

ment of excellent workinq conditions for our experts. 

Head of the qroup 

Coworkers 

Advisers 

Inq. Zdenik Vo<&fe~~ 

lnq. Milan Neustupny 

Josef Marek 

Hiroslav Benei 

Ing. Vladimir Novy 

Ing. Milan Novy 
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