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Atstiract

The energy consuaption has grown, depending on the industry developaent
as well as population growth. E-ergy conservation measures lower specific
energy consusption 1n the i1ndustry as well as in the public sector. Energy
sanageaent 1n 1ndustrial plants shows main areas for continuous efforts to
lower energy consusption and environmental polution.

Energy auditing ic the i1sportant prerequisite for energy conservation and
savings 1n 1ndustrial plants. The objective of energy auciting 1s tc 1dentify
the losses in energy utilization (consumption and conversion) and then to
detersine the ways and means of their reduction or elimination.

The application of energy auditing does not require such investmernts and
Jointly 1t lowers energy consumption and manufacturing costs, as well ac 1t
increases the outputs and quality of the production. The Mobile Diagnostic
Unit (Energy Bus) and 1ts miniaturized version, Energy Kit, are the practical
means for energy auditing. Systematic description of principlec, measures,
values, sethods and instrumentation, including data processing, aside
recommended measures for improvament, are presented i1n order to guide the
auditing staff for effective measures in energy conservation. Selected

seasures for improvement are the guidance for particular case studies.




I. Introduction

The growing prices of energy resources in the world markets, the forecast
of energy growth for the forthcoming period created the necessity for more
efficient energy use in all developed as well as developxhg countries around
the world. Many national programses for energy conservation are being
implemented by European countries in general, including those receiving
technical assistance from the United Nations Development Programse (UNDP).

While in each country the sost appropriate seasures to achieve greater
econoay and efficiency in the use of energy will necessarily differ according
to national conditions and policy goals, it 1s recognized that all of thea
could greatly benefit from systematic co-operation and joint efforts in this
area.

Therefore, the United Nation§ Industrial Development Organization
(UNIDO), the executing agency of UNDP, elaborated the project concept
“Regional Co-operation in the Fiel of Industrial Energy Conservation™, which
received strong support at the Inter-Governmental Consultation on the UNDP
Regional Programme for Europe in the Third Cycle, 1982-1986, held in Geneva 1in
May 1981. Owing to this continuing strong interest, a project on energy
conservation in industry was recoamended for implementation by UNIDO 12 the
Regional Prograsme for Europe for thie cycle.

Preparatory Assistance activities designed to achieve 2 well plarned
det21led programme during the aain project phase were carried out dy UNIDO 1n
1984-1985. All European IPF countries(s) were contacted and nine (Bulgaria,
Cyprus, Czechoslovakia, Hungary, Malta, Pcland, Portugal, Romania ang

Yugoslavia) expressed interest and agreed to participate in the preect.

(%) e.c.: Countries eligible for UNDP Technical Assictance




During the Preparatory Assistance Pnase, seven areas of mutual interest
were defined, of which three were cross-sectional, comaon for all industrial
branches:

- energy conservation policy

- energy auditing

- secondary energy resources and waste materials

Four industrial sectors were defined as the most interesting for the
participating countries:

- iron and steel proguction

- chemical industry

- buiiding materials manufacture

- food procescsing industrv

During the subsequently two years of the on-goirg phace of the project, a -
Regional Network on Energy Concervation in Industrv wae initiated (see Fig.
I). The Network covers seven areas and nearly 40 instituzions from :the nine
countriec. 1involving approximately 200 cpecialicts, who sudmittea more than
100 technical papers at the different group seet:ngs, wnich were ¢rgznized
annually.

Cue to good recsults, the project was extended for the periog of 1988-1990
with the new target to acnieve a self-custainability of the Networx by 1990,
e.g. to operate without external suppor:, relying on the common interests and
benefits of the participating countries.

The tnergy Auditing Sub-Network 1¢ being co-crdinated oy t-e
Czechoclovakian Recearch Institute for Ceramics, Refractcries anc Norn-meiallic
Raw Materiale, 1n co-operation witn tne :Nill-irecnacsiovaxia Joiat srigramm2
for International Co-oneratior. Non-metailic Inguztriecs, Pileen, naving m:-e
than L0 yeare experience 1n energy manasement, 7Tne zame D50y £2-C-cin2tec

also the Sub-Network on Energ, (onservat:on 1n tne Buii.ding ~2teriaic zestor,
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In 1985, i1mmediately after the project was approvec. the activities in
the field of energy auditing started according to the work programse.

In the overall context of establxshiqg natijnal energy auditing systeas,
sultable for local conditions of each participating codntry. the concept of a
Mobile Diagnostic Unit (MDU) or “energy bus” was analyzed. MDU 1s a
self-sustained unit capable of visiting ingustriai, commercial anc public
service sites to perforas on-site audits and present docusented anaivsis of
data and recosmendations for energy saving seasures. It compr:ises a =aoolle
vehicle containing measuring instruments and a computer with associated
programmes for analysing data, and an exper:ienced energy audit crew of
engineer/technical stage.

The experience of many advancec countries shoss advantages c¢f tnic xind
of units, which can be adopted at a sinimum cost for use in all branches of
industrial activities and in different locations. Thece units also enable its
crew to develop and analyze all nececsary data for saintaining the energy
conservation and eliminating energy losses.

This concept was recosmended to the project countries as one of the most
suitable means ror energy auditing. A model MDU was constructed st thne
institute in Pilsen and demonstrated to the specialists from tne participating
countries. Thic approach was 3lso used for zuilding MDUs in Roman:a ang
Yugoslavia. Some rore MDUs would be expected :in other countries.

Secides, different expert group meetings and studv tours t3 celzcted
countries were organized 1n order to demonstrate to the participatiing

countries modern methode anc recsults 1n energy auditing.
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Many discussions and negotiations have alréauv previcusly 1ngicatea tna:
a Hanual on Energy Auditing 1s badly needed as 2 gquidance for the csuccessful
execution of auditing as well as for training purposes. Thereiore, several
national institutions of the project aember countries pfoduced their own
version of the Manual, such as Czechoslovakia, Hungary, Romania ani
Yugoslavia. This paper reprecents the sumsary version, applicable 1in
industries of all interested countries.

Volume I of the Hanual is related to the general principles, aeasuring
techniques, theoretical aspects of energy auditing ard 1t givec general
guidelines for factories’ energy sanagement. The next Volumes II ang IIIl wiil
be related to different selected tecrnologiec and case stucies, baced an

energy auditing.
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Fig. No 1 ORGANIZATIONAL STRUCTURE OF THE REGIONAL NETWORK
FOR ENERGY CONSERVATION IN INDUSTRY



II. tnergy Augiting of Industrial Plante

1. InClpi8S and approach to ener a

"

1.a. Purpose of Audit:ing

The energy costs form a large part of the budéet ot 1ndustrial
plants. The nrecessity of energy conservation has resulted 1n the i1atroduct:ion
of energy sanagesent systess 1n all industrialized countries. Enerqy auditing
plays a significant role in the energy management programmes, as it provides
the decision makers with all tne necessary data about energy corsumptions acd
efficiency of different manufacturing technologies, about the :installed
equipsent, energy conservation and production intensification potent:al as
well as with information how the production quality can be 1sproved within the
installed thermal process.

The prisary purpose of energy auditing 1s to i1dentify thes locsec in
the usé of energy (conversion and consumption) and then to find the way of
reducing or eliminating those losses. Therefore. 1n the course of tre znergy

audit, it 1¢ nececssary to

deteraine accurately the total consumption of every energy carrisr

- examine why, it what equipment and in what volumes the di1¢ferent energy
carriers are usid

- determine how much of each energy carrier 1¢ concumed ucefsilv, depending
on the type of technclegy and sanufacturing equipment, i1nctzllec and how
such 1s lost

- specify unavoldable locsec, wnich occcur due to tne laws of paveice and

due to the nature of energy uce and convercion ang cpecify tne other

losses, volume of which car be affecteag, coveres or fuilv avo.ced.




It 1s obvious tnat achieveaent of the above qoals requirec
availability of both measuring instruments and devices as well as skillea
personnel capable to do an audit.

Heanwhile, the instrusentation constantly 1nstalled in 1ncustriai
plants is often 1nsufficient and sometimes out of order. It can only indicate
how much energy is consused, "owever, it is not suitable for ident:fication of
the efficiency of energy use.

Even modern energy consusing units have problems causec by
unsuitzble operation, bad maintenance and shortage of spare parts.

Technicians and workers in industrial piants are concerned mainly witin
production quality and quantity and they are not trained 2nc exper:enceg as
specialists in energy auditing and conservation.

In this context, the concept of carrying out energy audirs dy an
independent team of qualif:ied specialists, equipped witn recessary

instrumentation, proved to be the most aeproprxate.

1.b Types of Energy Audits

Despite the common 1dea of energy savings, oi:fferent acorcacnes ¢o0
enrergy auditing nave exicted since the teginning of 1tc exercicing. Whiie
some users promote orientation to entrepreneurial proolems o7 enerzy
concervation, the others bace their activities on an eagineering approach.

Tne first type of audit ucually 1involves a one day visit in a prosucticer

plant, with the activities carried out 1n the following cequence:

- A preliminary d1ccussion with the companry’'c representative: 5 gurvey tne
cituation 1n the energy reiated matters .n the cosgany,

- f tour through the plant ¢uring which the auadit erginesrs 53v 21210107

to all cacee of 1n3jucicious ucse of energy,




- Measuring and/or looklng up necessary energy related gata.
- Calculatirg and discussing tne possible energy savings,

- Preparing a report and discussing 1t with sanagement.

The cospany visited gets a complets audit report with all tne
required data ang calculations. This type of audit concentrates on energy
saving measures, excluding technological problems, and proposing simcle
technical solulutions. As to the more cosplicatied technicai probiems
1dentified, the client is usually recommended %o ~ontzct a gquaiifies
consultancy company.

The engineering approach represents a combinatica of botn en2rgy saving
measures and technological improvesents. Thic type of aud:t lacstc usually
about one week and uses data obtained fros the plant znd, mairly, data
produced by the auditing personnel. The audit results 1n a final ra2port which
includes, besides all the data and calculations. detarled recommendztionc of
the measures to be taken to save energy, improve proouct quality and :increase
proguction. The fina! report ic discussed with the plant maragement anc tae
recomaendations are realized by the client, if necescary with technical
acsistance of auditing personnel in a follow-up stage. The f:nal report ¢+
the audit serves also as objective supporting materiai for decision-makerz 1n
planning reconstruction or modernization of the equiomen:z, or susstitition of
one type of fuel by another.

Never:heless, the complex engireering measurements are tne mcst
agvicable for the purpose of energy management. Suzn a meacurenesnt provices
the team of hignly qualified experts {(energy management exsert, ayzert 20
measurements ang evaluation, technologlst) wiin compleze 1né9rmatic- asou: “ne
sroduction facilities, Thus tnev can prepare ¢ Ihe Sragucer tne GrL- ective
ang comp.ex ctazement, ang c¢raft al: the suitadble anc ra:ommengaiie
agjuctmentes and cnanges 17 cdetail, whicn are to dDe rsal:ze3 f:r sar-e:: anc

effective cervice of the procuct:0n equipment.




The fcilowing ma:n expected contributions of diagnostic audits can

be sentioned:

energy conservation

quality iaproveaent and reauction of reject occurrence
- output i1ncrease of the production unit
- decision on the stage of modernization, wacte heat utilization, etc.
According to the results obtained in different i1ndustrial plants of
several countries, energy consumption of nearly any audited device can be
reduced by 5-10%, with simaple ameasures that require no or very low
investments. In some cases the percentage of recuctiors can be higher, even
S0-60%, as for example with putting the thermal devices 1n or out of operation.
The experience gained from various countriec prcved the usefuiness
of diagnostic audits, which strengthen s:ignificantly tne capabiiity 3f theirr
users in surveying the industrial enteroricec w:th the aim to i1dent:i:fy the
potential and also to recommend the measures for energ, conservation,
production intensification and quality improvement. HMorecver, the aucits
supply the necessary data for decisions on modernizatione ano reconstructions

of equipment and on waste heat utilization 1n production planties.
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fl.c Process of Diagnostic Energy Audit

The activities perforsed within the diagnostic audits should
coaprise seven fundamental steps:
- collection and analysis of projected data and historical data
- collection of factual operational values through the diagnoct:ic
measureaents
- calculations, data processing
- analysis of the current situation as far as the heat balance and
technological conditions of the tested equipment are concernec
- working-out the technical report including proposals and recomsendations
for the improvement of the operation
- inplementation of the recommended measures
- evaluation of results after the realization of the propocsals anc
recommendations.
The scheme of effective energy audits ic given in Fig. 2.
A great majority of energy in industry 1s consumed for technologica:
purposes. The priority of energy audits ought to be determinec from this

point of view.




Preparatory phase
(collection and analysis of histo-

rical data)

piagnostic measurement

!

Data processing

y

Evaluation

l

Elaboration of technical report
(including recommendations on

improvements)

Implementation of recommendations

Follow up (evaluation of results
"achieved)

F1g. 2: Scheme of Effective Energy Auditls
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Depending on the type of main production processes, there can be
large differences in the ways of determining energy consumption. In case of
workshop-type oroduction, because of the organization, energy consumption 1S
exasined in a cosbined fora. During tnis process, both absolute consumption
of the individual energy carriers has to be recorded and as far as possible,
the consumptions broken down according to functions (heating, lignting,
etc.). Because of the combined fors, this is where aeasuring and recording
can be performed most easily.

In case of batch production, energy consumption has to be examined
of metered in the light of the recorded network map or material flow. Each
group 1s generally specialized in the producticn of one given sub-unit, ang
energy consumption results.

The work can becose more complicated with the involveaen: of an
other unit or section, the so called co-operation activity. Tne consumpilon
recorded here mucst be concsidered as part of the product:on erergy ceiand.

In case of continuous productien, 1t 1S practicadle to determine the
energy consumption of the production process with regard to the act:an pian by
production cycles,

It 1< typical of the continuous procuction that in crder to ensure
steady capacity. with recard to the cycle pericds, there are more than one
parallel production units for manv operiatione, and tnie must 2lsc 02 xept 1In

mind when metering energy concsumption,
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Deteraination of the energy consuaption of tie main proauction
process must be, however, cospleted by the determination of the processes and
systeas of other suoporting and servicing plants, as tﬁe production process of
any industrial plant is alsost always supplesented by one or sore osther
auxiliary activities, which are indispensable for the operation of the main
production process. As auxiliary plants, the following processes are
specified:

- boiler plants

- theramal and/or electric plants

- comapressor houses
- tempering plants
- store-houszs

- central asseably halls

- preventive maintenance piants
- water plants
- environmental protection and engineer:ng plants

- cooling houcses
- driers and other possible plants

when determining the energy consusption of :tne auxiliary glant 1t 1s
again metering that comes firct. The way of metering cepends on the iype of
auxiliary plant. Metering hac to cover both 1npu: ang output 2ata ac thece
are nececcary to form those cpecific values which, if aopl:ied int> the

production procese, provide a truiy reliable recult. Tnue, the gimensicn of

the auxiliary plant energy concumption 1€ Ml:aS of air. mJrvg 3f cast, etc.
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A remark 1s to oe made here:

Undoubtedly, the aux‘liary plant energy consﬁlntxon adcs to the
erergy consumption of the main production process, the way of distribution,
however, is important. According to general finmancial practice, its volume
and costs are usually distributed on the basis of the oroduction value, which,
from the national economy point of view is both underctandabie anc
acceptable. It would be a mistake, however, to do the same thing i1n the
course of the audit as it would greatly distort the value of actus! specific
energy consuaption of the main production process. Ir our experience, the
energy consumption of the auxiliary plants have been taken 1nto account ano
distributed in the light of the losses like:

- transsission loss

- distribution loss

- aaterial loss

- processing loss

- natural loss, etc.

according to tne user piant. Tecnnical zalsulations anc sctigatzc 2z well as
saetering can all fora the bacis of the distribution.

The total energy consumption of the praduction can be cstained by
summing up the consumption of the main production process an¢ the concumption

of the auxiliary plant connected to tne main process.




2. Preparation for Energy Auditing

Auditing preplanning, including the duration.of the energy
seasureaents, is deci¢ed on the basis of the Technical Questionnaire, which 1is
to be filled in by the custceer i1n advance. This specification of 1initial
inforsation assists in p..aning and preparing the auva:t.

Description of the technical questionnaire for i1ndustrial energy
audits 1s given belou.

(1) Country, cospany (eailing address, phone and telex nusberj,

responsible manager, kind of production

(2) Type of equipment to be tested, producer cf the ecuipment (if kndun)
(3) Characteristics of the equipment to be tested
(4) Technical parameters

(a) Energy supply (voltage, el. retwork fregquency, gjas presscre,
temperature of delivered aedium as e.g. drying air, etc.)

(b} Thersal process on the equipaent

(S) Year of putting the equiposent into operation or the last general
repair

{6) Description of the precent iechnical csonditions of the equipesent

(7) Kind of product, its qualitative or technolosical properties

(8) Firing (drying) curve of zhe thersal procecss

(a) Projected

(b) According to the current situation
{9 Average output of the equipaent

(a) Projected

(b)) Actual
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(10) Technical paraseters and consuaption of fuel (energy)

(11) ftethod of current energy consumption -easurxﬁg, available seasuring
equipaent

{12) Contributions expected:

- Energy conservation
- Quality isproveaent
- Production intensification
(13) 8asic drawings - acssesbly drawings, conception studies, prespectus

of the producer, guaranteed paraseters, layouts, etc. (1f available).

3. Heasuresent in Enerqy Auditing
3.a © Analysis of Various Enerqy Consuming-Units

The important factor in energy auaiting of different energy
consusing units is the knowledge of all necessary variablec, important for
energy.audit evaluation, and of the right place, where to measure tnose
variables. Although case studies, which wi)l be presented in Volume III of
the pubiication, will describe detailes of energy auditing of part:cuiar
consuaing units, which are the most representative for specific 1indusiries,
few examples are briefly described below. Selection o0f thece cacss 15 bassg
on various experience, which shows that wide potentiales exist for i1aprovement
1n consumption of non-electric energies, wnile electric energy 1€ usu3lly uesg
more effectively. That 1¢ why furnaces, driers, drying arlle, heat
exchangers, bollers, gas produceres, etc., are very proaiTirg sucjects ¢cr

ctudying from the energy conzervation point of view.




Tunnel kiln

Tesperatures: environment, surface, section in the kiln, streaming gases

- Pressyre: section in the kiln, in pipings, chilnév's draught

- Volume flows: fuel, air, flue gases -

- fnalyses of flue gases: CO, CO, and 0, at the chimney, kilr atmosphere

- Meight balance: fired goods, kiln furniture, kiln cars and their lining

- Electric input and output of different engines: for gas, 21r transport,
hygraulic pusher, door, etc.

Chamber kiln

- Temperatures: time and space distribution cf temperatures gurinj. the
firing cycles, lining’s temperatures, goods, streaming gases

- Pressure: inside the kiln during the firing cycle, in pipings,

chimney’s draught

- Heat flow
- Electric inputs
- Volume flows: fuyel, air, flue gacses

- Weight balance

- Firing cycle ana cooling time

Driers

- Temperatures: entry, exit and distridution

- Humidity: drying atmocphere, dried mass

- Volume flows: hot air

- Pressure .

- Speed of flow

- macses distribution

- analyeic of energy input: combuetion ratio. eféiciency 0f reat
excnangers, etc,

- Electric :nput
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foiler

Flue gases analyses: (€0, C0p, 0,

Volume and mass flows: air, flue gases, fuel and steaa
Teaperatures

Pressures

Heat flow

Drying eill

Temperatures: entry, exit, surface, mass
Yunidity: macss and gases
.ome flows: air, gases, mass
fressures
épeed of flow
Heat flow
Revolutions
Electric 1nput

Amount of dust in entdusting equipament

Gas-generator, Gac Producer

Chemica! analysee (coal, producer gas)
Wobbe's number

Temperatures distribution

Pressures

Volume and macse flowe




3.b instrumsentation

The principal variables seasured within energ} audits are usually as

follows:

- temaperature (aambient temperature, surface temperature)}

- pressure

- flow velocity and volume flow

- heat flux density

- gases composition (0,, COp, CO, SO;, ..)

- humidity (both 1n gases and in solids)

- eiectrical values (current, voltage, power, power factor, ..)

- others (masc, time, revolution, calorific value, Wobbe number, etc.).

The i1nstrumentation for energy auditing should be portabie and heavy
duty type. It should have sufficient accuracy and reliability to 1dentify
operation of industrial energetic inctallations. Preference <hould be given
to locally produced or easily available instruments. The ranges of
instruments should be in accorcance with the requirement to cover various
industrial sectors. The accuracy of this instrumentation should be checked

more often than i1t 1< compulsory or usual for equipment instalieg 1r plants.
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One of the most effective means to carry out the energy auorts 1c a
Hobile Diagnostic Unit (MDU) or “energy bus™ e.g., a mobile laboratory,
equipped with all the necessary seasuring instrusents, recorders, cata logger
and a coaputer enabling to perfora energy audits. 3eing sobile, these units
are capable to perform the audits in various production plants and to utilize
the seasuring 1nstruments effectively. The same 1mportance consists i1n the
experience of the crew of experts, who are able to anaiyse the obtained data
and the results of measures and recosaend the detailed aeasureaments for the
imsprovements. During the visitc they can transfer the advanced 1deac froa
plant to plant and thus help to spread thea.

Another means of carrying out energy auditing, coavenient ma:nly in
ceuntries where difficulties with vehicle transportation may occur (iarge area
countries, least developed countries, technical assictance in cversea
countries, etc.), is the so called energy kit. The energy kit 1s a
sinraturized and ainimized portable cet of basic instruaents necescary for
energy audits, which can be easily transportedc by car. by plane, etc. It
concsists for example of:

- digital pocket thersmometer

- thermocouples

- recorder

- infrared tnermometer

- eiectronical micromanometer

- Pitot tupe

- digital anemometer

- di1gital hvgromeier

- electronic analvie- (eriner 09, or 03; conpueticn egfficiency 2uaitc”)

- dux.ilary 23terial
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The total weight of the equipaent, which is to be transported, 1s about
50-100 kg, according to the requireaent of customers.
More specifically, the Mobile Diagnostic Unit and the Energy Kit are

gescribed in part 7 of this Chapter.

3.c Heasured Values and Hethods

It 1s supposed to leave the detailed principles of measureamsnts to
the conventional text-bocks and the operation instructions for the instruaents
2s well as to the manuals prepared by those 1nstruments manu.acturers, since
there are actually a lot of types of similar instruments and a slight
difference in the same process factor measurements. Only som2 useful notes of
aeasuring sethods and equipment are described in order to prevent to obtain
any 1ncorrect data.

Temperature

The choice of a sensor for tesperature meacuresents 1s affacted by
the type of temperature which is to be measured (amsb.ent or surface
tesperature}, by the temperature range, the degree of accuracy requirec, the
type of inctallation and the cost of instrumentation, too.

The temperature ranges norsally covered by common mezasuring

instruments are given 1n Fig. 3.
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Fig. 3 Measuring Instruments According to Temperature Ranges

Type of inscrument Range (oC)
: sercury-1n-glass thermometers -35 to 450
bimetallic thersoseters -20 to 350
gcs-pressure thermometers -90 to 430
tesistance thermonmeters -200 to 800
ragiation pyroseters -20 to 1750
optical pyrometers 650 to 2750
theraocouples
type J (iron - ccnstantan) -200 tc 800

type k {chromel-alumei)

or NiCr 12.5-i1 =270 to 120C
type T (copper - conctantzn) =270 tc 400
type £ (chromel - constantan) =270 to 100
type S (PtRn10-Ft) 0 to 180690
type 8 (PLtRhIO-PLRNG) 0 to 1850

types G,C (tungsten-tungsten

rhenium) 0 to 2500
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10 wmeasure 3 temperature by a Lhermucouple, one nzeQs -we
theradcoupies: one for the actual measuring point, ang one foi 2
refereace polnt, such as aeliing 1ce, or a welting metai depenaing on tne

range.

in practice, ine reference couple 1< not usec, Sul & so cailea
“coic )Junction cospensztlon” 1S integrated in the instrusent. In sodern
electronic 1nstruments the compensation ic often done With 2 resistance
thermometer, put 13 an 1cothermal box together with the cold juaction. The
theradocouple meazsures the differential temperature, toe rec:istance thermomsier
measures tne apsoiule temperature of the cold junction and bdbeth are
eiectronicaliv zacea. Nevertheless, for very accurate or laborazory

measurements, preference 15 given to reference junction

The sens:itivity of the thermocouple types ic given bv Fig. 4.
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If the seasuring point 1s not close to the red-out instrument, the
use of a long thermocouple may become too expensive, that 1s why “theraocouple
compesating leads™ are introduced. These extension leads are generally made
of the same type of thermocouple saterial but they are not subaitted to the
high temperature; so the alloy quality, the mechanical durability and the
insulating saterial need not fulfil the requiresents of the actual
thermocouple. Connections are preferably sade with the specially developec
connectors, having a colour for every type (yellow = K) and preventing
reversea connections. Thersccouples and leads have colour codes too, but
these are unfortunately not universal.

Care should be taken that always the proper compensation cable is
used and nothing else, that no polarity inversions are introduced and that the
instrument 1s really one for the used therasocouple type. Any mistake of these
types being :introduced will lead to systematic errors.

.

The voltage output of a thersocouple has to be tranclated 1nte
temperature by the uce of a thermocouple table. Of course an adapted scale or
an electronic conversion simplifies the procedure,

hico for mobile measurements a voltmeter could be used for
measuremsents without cola junction compensation, but one shoula not forget to
aad the colc junction temperature manually, after measurement with an absolute
thermometer. fiost practically and eacily available nowadays 1t 2 pocket-<1ze
thermocouples reac-out or thermosensor with cold junction compensation. HMoct
thermocensors are zupplied witn 3 choice of thermocoupie probec: wunivereal
propes, incertion orocec, surtace probez, molten met2i probes, etc. ... ans

aicy extensinn lz2¢% #ith aparopriate connectors.
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Thermosensors can be used fcr own made thersocoudles, 17 the
precautions given above are respected.

As for the resistance thersometers, it 1S know inat met2ls have an
electrical 12sistance, dependent on temperature. This phenoaenon can be used
te achieve measurements with 2 better sensitivity and a oetter accuracy than
thersocouples.

For universal use, materialc and recistances are stangardized.
Most known is the Pt100, a platinus sensor witn a resistance of 10042 at
09C. All Pt 100°'s can be interchanged, as far as the reac-out 1< concerned.
Most Pt 100’s have a limited temperature range (say - 2009C to + 200°C), a
reproductivity of 0.1°9C and an accuracy of 0.29C. A sensor of up o 8¢9°C
-will give ¢ 19C resp. + 1.49C. Other sensors are Pt 10, ®t 1002, nickel or
copper sengors and also thersistors. Tne latter are sintereg netais or
oxides, having a negative teaperature coefficient.

Recicstance meacuresent has an iaportant disadvantage 3¢ it ic never
a zerocurrent measurement, so the connecting lead cause errors. Witn a
two-wire connection, the resistance of the leads :c sieply acqec tc tnz sencor
resistance, being interpreted as a temperature rise.

Such errors can be made smaller by uzing thorter 2nc detcter leags,
but to avoid thems cne chould use a four-wire connection where the measurement
current 1S transocrtec by one pair, the resclting voltage drop osver :ine
resistance is brought back by the cecona pair that doec nol neec tc cear a
current and will not <how locses. Voltage and current are eiectrorically (sr

manualily} computed to resictance and temperature,.




An intermedlaie soiublion 1S presented oy a three-wire connection,
wnere the resistance of a single wire 1s seasured and can be compensaced.

Just as fur thersocoupies. there are convenlent read-out
1nsSiruments.

Due to the nigher price, the cmaller temperature range anc
flexibpllity, the longer stabllization tise, greater sizes and less
possidirlities for repalrs, resistance thermosetry is nc® SO popular ac
thervocouples, especlally not for moblle seasurements.

As far as the infrared thermometry 1< concernes, 1t 1S generally
knoun, that every odject esits heat radiation. The total amount of raaiatec
heat i< proportionai to the fourth power of ihe adcoluie temparature (reivin
tesperature), ang the emiscior coefficient of tne surface. The iatter one 1¢
sltuated between O 2nd i, for most mater:zls scaewhere apoit 0.7.

Infrarec therwoselrv 1€ bacec on the measureaent of tre radiziion
1n & certain spectral range. Construction and cho:ce of the i1nctrumen: gepend
on:

- the absorotiun bv the atavspnere belween seacurea opject anc insirument
- the absorption oy funct:onal sateriale 1:ke glasc anc cvntnetic materials

Cheaper 1nstruments have thermal cetectors witn ar 2accuracv ¢f ! o
2y of fuli range: nmore expencive instruments uce accurate phatocelisz, bu:t
these rave [0 De cooled with liaulg nitiogen.

rortaci2 i1nf:ared aeier: are generaiiy nand cun shacec. Tney nave
a se2suring angie of 0.3Y to I° geseralilv, althousn 1nslrum2nts wilh te.e-or
Wwide-angie osleci.ves 2re supp.led tov. The 2112 o7 Lhe sze2:urec S0 Jepencs
gn (e anSlromenl ang.e Mg n@ Sleliange® Lo Lhe UDE.%. S.U U2 Lot Liotels

4 peint,
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Although 1nfrared thermometry lodks very aitractive, 1t 1s not very

useful for real measureaents, especially 1n the-energv field:

- they only measure surface tesperatures, which cauées 1mportant errors
for objects at hianh temperature

- the accuracy ic not optimal 1n the iow-temperature range, requiring a
calibration every time

- the eaissivity coefficient depends on the sateri2l and the surface
condition, sSo 1t 1S never known exactly

- dust, vapours, smoke of flames infiuence the eeacureaent

- zero setting ic reauired before every measurement, to eliminate aambient
condition 1nfluences.

Nevertheless, infrarec¢ measurements are ccaveniently used where:
- no alternative exicts )

- one 1< looking for certa:n teaperature differences (rough indications,
preventive amaintenance).

To measure temperature peaks during a certain cycle, calour
changing <tickers, dimencion changing tablets or pyrometric cones (as Seger
cones) are available with a wige range of sensores.

For thermometers with circular scale bimetals are often used, not
ac flat plate composite, but cpiraliy wound. In tne instrusen: the dimetailic

epiral 1c located i1n the beztom of the measuring tude. A ¢spindle and gear

transmission drives the needle.

Preccsuyre
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for prescure meacurementz, fsr the 0plifm.n SE.eTtisn Lt 1S Cdesiradie 13 follow

tne ecugsecstions of the ineirurents’ manLfacturers,
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The generally known 1nstruments for pressure measureaents are as
follows:
a) U-type manoaseters
b) 1nclined type manoseters
c) annular balances
d¢) bell balances
e) Burden tubes
f) diapnragms
g) aifferential belloxs
h) piezoelectric manometers
i) electronical sicrosanceeters
Principles of some mentionec instruments for pressuyce seacsuresents
are presented i1n Fig. S.

tig. 5. Various frinciples of Preccure feasureaents




F13a. 5. Various Princioies 67 dressure Measureeents
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Fressure seasureasnts ate laguri.al from tne S18rcy canseruaticn
poinrt-uf-view, maialy tne mea:uresents ¢f sSre.cure Glsiridalion 1nside k:lns
ang Jdriers and chisney drauyhl seasuresenis. T%e 1nstruments fer pressure

. BCASUIEMENL: are 3,50 NeCessary 1A cunneclian wilh scme 1nstruments (Pitet
tubes. orifices, ...} for Slow velocity ae2surements (1aclinea sancmeters,

electronical sicromanoseters - for differential pressure seasuresents).

riow veloc:ity and volume flow

Measuring l1auilds ang gaces iS 3 very 1aportant and extensive
fileia. Some of tne foliowing i1nstruments are usually used:

- orifices. jets, venturi's tubecs } connected mwiin gifferent:al

- Pitot’s tubes } prescure measureaents
- rotating flcw-meters
- rotameters {(variable arez ameters}

- electrical anemoseters (not-wirej

- sechanical anesoaeters (progeiier, tursine)
- vortex-seters
- ultrasonic {:ow-meters

- annular fiow-meters
The measuring methocs Dy meanc of :hes2 :nelruments arse <tancarsicas

The proper insilrument anc melnse c<avulc be celectes accorcing tc:

- the kinag of filuly to be aeasureg

- temperature ang oressure

- tne expecled filw 4nec In@ rB3uUlr2d me3S rING range 2nC acoLTily
- the c.pe Crzueter

- Congitions CF iazie,lalisn ang singr LLrosszcinias
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wnlle iiQulcs are pracilvaliy not coapressidbie. they are relatively
e3sy Lo seasure. Gases have greal speciflic volumes, depengent on pressure ang
teaperature which constitutes arfficulties. Tne aeasuraents of biphase ¢lows.
flows of evaporatlng llauids of condensabie gases (of which Saturatea steam 1s
the wost common} are the most aifficult.

Saturated steas 1S widely used Tor thermeal srocesses. The energy
1nput by means of sieam 1s often a3 verv difiicult thing to measure.

Clder steaa ameacsuresent a2thoac are:

- orifices
- congensate acasuremenis.

An orifice i3 2 ciaze witn norzz_iiec Tore. tighienea Ceiween Ixd
fianges. The fiow nroagn tne cide 1S throttlec oy the Jontractlicen resaltiag
in 2 pressure ¢roz. Iwo precssure borings are mace at beih ciges o7 Inre
orifice piate anc connectes ¢ & Oifferent:al pressure aeier. The
o:fferential pressure 1s, withir certsir limite, presortional o tre scuare d3f
the flow. Signai proceccing can de resilzed witn cP-ceils giving &
proporational electric outozt. The measzuring range it onhly ! to 2 for an
accuracy of !%. cCalipration iz nececcsary - cteae lorditions choula e well
hnown. Orifices iose treir asieracy if [he Iteam 1S wet, variatissc of
pressure inevitabiy lead Cu er-y s, tea. o avors filow cisturdlng, ihe cleas
plpe SNouid e Stralynt over 3 :engla of ter lime: the dipe ¢iamater sefore
the orifice anc 3 x Jiameler Tanin3 it.

Steam nessurement . iuult.2: souid S8 avuigeg Dv xeasuring tne
flow afler Concencaiion by no. w=zle: cuunter:z. <Cgnaens2le measurerentic Can
oniy be zafeiv essiules 1 Tne condeliza.r .2 Suv.id UNTES 10G¥2 peters tne

steaa Lrag. SNOTT Term Weeie F:8° %L L37% LE Z3CTCTIEC LV o l0Liih: TUe

N

CUNUENSELE., Lhii huwzYel Zcile c.nlrsli.olylsy 1. @LEN3v ECCNOMY MESLLTE

hMeals NeLNud: fur lan A2aiurdae i LT2

- vortex-meter:

- Prtol & tuoe insilrunentc,
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Vortex meters work after tne principle saying that a flow foras
vortices at the edge of an obstacle. From 2 certain fiow velocity these
vortices are set free from the obstacle and they are dragged along with the
flow. The frequency of the vortices 1s proportional to flow velocity. Every
vortex leaving the “shedder™ creates a force on 1t. These force pulcses, anc
the resulting vibrations of the shedd;r are aeasured with a piezo-electric
crystal giving a freguency signal proportional to fiow. The advantages of 2
Vortex-seter for steam measureaents:

- flow range is 1 to 10 or even 20

- it is a pure volumetric meacsuresment; sven though 1t 1< czlicratec for 2
given condition, it can easily be used fer other cteam conditions

- the instruaent ic a seai-mcbile

- the connection of tne Vortex-meter to the re2d-cut cevices iS purely

electrical, so cafety 1< much betler.

A typical requirement for Vortex-meters 15 to avoid parasitic
vibratione (electrical, mechanical, hycdraulic}) that could give signal pulces,
too.

Pitot’'c tubes are well known for meacsuring flow velocities 1n
miscellaneous conditions, but not in prescsurized pipes. A variant hac been
introduced a< an alternat:ve fo orif:ices, to measure :in sipes. It 1S 3
straight Pitot's tube with four holes at the front c:de 2nc one at :the back
si1de. It 1s sounted perpenaicularly on tne pipe 3axig, throujn the s:pe wizh 3

bore and connecting valve-z. The inner pize diameter 1S cetermining for the

cnotce of the prooe. Thiz :inct-umen: 12 mcre acgclle than 2- 2rif.ce.  The
¢1gnal 15 a differantial prezsure juc: iiwe fOr orificee, oyl ths meacur;ing
range ¢ better, It 1€ (9lC 70T %) 3¢ €eszitive o ficw gsiiiurdancesc drom

pipe curves etc,
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Heat fiux (density} measureaent

Heat flux aeasuresent should not be confusea with temperature
measurement, aithough it is always the base anyhow, because heat fluxes cannot
Je meacured directly as we xnow fros electric currents. A "heat current” can

be measured with 1nfrared instruments or wmith resicstance probes.

Infrared measuresent at the cutcide of bullaings or apparatus
measures the contact temperature 2t the outside of the wall which 1s supposed
to be detersining for tne radiation losses. The relation petween tzaperature
and losses is however inaccurate because parameters like amb:ent air
temperature and velocity, surface concditien, moicst anc rad:ation cf the sun
have an undefined influence. This method should be re;ected.

Infrared measurement at the ins:de of sulicings Zeterarnes ta2 flux
through the outcide walls by seasuring the ambient incide temperature and the
inside tesperature or the outside wall. This temperature ciiference 1s
relatively accurate for flux measurement because the 7:im resistance between
wall and air is nardly influenced by externa2l parameters.

Probec with 2 small but defined thermal reciz:ance. placed on tne
wall to be measured, will show a temsperature difference cetween ooth sises.
The ssall A T is measured by a thermorile {thermoccuples 1in seriec). After
calibration the measurement i< quite accurate, sresum2c a2t tne agd.tish o?
the probe did noi essentially change the flux tarougn tne wall, xnicn 1< €5
far inculation materials tecauce tnelr rec:isiance 1€ muCh Nignes tnan tnat of

the prabe,
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Gases composition

The gases are analyzeg eitner for energy conservation or
technological or some other reasons

The essential step is to control excess air at an optisum level.
The results will be significant savings in reduced fuel consusption,
saintenance will be reduced with the decreased forsation of corrosives, and
eaission of pollutants will be sinimized.

In practical termc the products of combustion are numercus. The
selection of the key flue gas constituent to be measurea i1nvolves ceveral
considerations, including relationship to excess air, to ¥flame ctechiometry
and applicability to various fuels and loads. Pertinent are also the cesign,
reliability and cost of the measuring device.

Too much excess air wastes fuel becauvse even the air not
participating in.the actual burning process sust be heated from ambient
teaperature to normal flue gas tesmperatures during combustion. Too little
excess air wastec fuel because the air and fuel do not eix anc unburnec fue!
goes up the stack. It can be seen in Fig. & that, for 2 <light deviation from
the optimum point of operaticn, the losses due tc incomplete ccagustich ¢an be

such greater than thoce from high excess air operat:on.

orrIVUr
wases L e gt

sE ™  and Losets
w [ 7 8,
T et NE% FXC L0 AR

TOTAL
LOSSES

% EXCESS AIR

Fig. o. Curve "Heat Locses ve, Excecs ayr”




Tne primary 1ndication of excess 21r jevels was ilraditicnzlily COa.

The Systems were of the sSampilng type and required a great aeal of
malintenance. The coz versus excess air relationship cnanges for each t{ype of
fuel ana 1t is a function of the hydroaer-to-cardvon rat:o in the fuel (co2!
nas the iowest M/C ratlo and natural gas the highest one}. Figure 7 shows
exampies of aifferences dDetween types of fuel and a particular level of exce:zs

air:

In riue et ve. Excess MIf for varjgye ivbes of

Fuel
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In agdition, tne case ievei of €O, 1n flue 9as caa exist poth for excess air

ana a geficiency of a:r. This can be confusing: as presentea in F:g. 8.

%
FLUE
GAS
COMPONENTS
%0 o 2 40
% EXCESS AIR

rig. 5. IXCES:y AT vE. TLUE Gl oLodiunenti
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The complete test for flue gas constituents i< an Orsat apparatus.
This test consists of taking a mseasured volume of stack gas and seasuring
successive volumes after i1ntimate contact with selective absorbing solutions.

The volume reduction after each absorption 1s the measure of each constituent.

The Orsat has a number of disadvantagec, the main ones are: 1t
requires consicerable time to set up and use, 1ts operator must have 2 gooc
degree of dexterity and be in constant practice. Instead of an Orsat, there
are portable and easy-to-use electronic and abserbing instruments, which can
determine the concentration of the constituents of interest easily on an
individual basis. Set-up and cperating tises are ainimai ang anyone can learn
to use thea.

The typical ranges of concentraticns are C0,:0 - 20%, 00:0 - 21%
and CO - 2000 PM. The COp or O content 2ione with knowledge of flue gac
tesperature and fuel type allow tne flue g2s loss to be ceterm:inec froz
standard charte.

The mcst common anc inexpensive gac aralysis units are
- Fyrite carbon dioxide an¢ oxygen 2nalvzers
- Drager gas analycsis tupes.

The fyrite sensor: accept a fixeg voiume of gaceous <amdile vil a
manual hand pump. This cample 1< dry an3 when completelvy mixec #1th the
chemicals will give a cirect reading of concentration 10 percent df farcen
dioxlde Oor oxygen,

The grager sulti gas detes:or congizte 9fF 2 n3ang fumsl 372 3 3702y
of glase tubec for measuring 32¢ cCOoNncentr2lion: from 3cecylens L: ~iturail 3ac

ang otherc in detween,
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The unit 1s extremely easy to use. compact, portable anae very
versatlle as to the type of gases which may be measured.

. in recent times a number of portable eiectronic flue gas anzivzers
have pecome avallable.

These units emplov a fuel cell to sense the oxygen conten: in a
sample of gas which 1s extracted from the main flow streaa by a battery
operated-pusp. An electrical signal 1s generatea proprotional to the cxvgen
content. The oxygen concentration 1S indicated on a calibrated l:near scale.

Portable infrarea analyzers for checking carcon aonoxide and cardsn
dioxlde are now available. Used with care these insiruments can be used to
very accurately adjust fuel-fired equipment. As tney continucusly samplie the
stack gas, they have an advantage over the Fyrite and Drager sets described
earlier, in that the appliance can be cel over 1Ic opersting range nct just at
one operating conditlion.

In recent years oxygen has gained popularity as an agequate
reprecentation of combustion conditions. With the 1mproved electronics
technoiogy as well as the development of tne non-camsling (in-situ} analy:zers,
0, has become very reliable, ane ic the most popuiar measurement employed to

indicate and control exceses air.

humidity

Moisture contant may be given :n 3aosolute numidlty, relative
numlG.t/, Oew polnl or wsater-activitly irn 3 materizl,
Instruments can oe classifiec in sevsra, categorizi:

- Hair Nyarometlers: Lsi80 0N N2TUrs. Naifz. of Mwalévd

that <how 3 lengtlh variation 33 2 funsiisn ¢ anzient

instruments meacure relative humisity.
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Psychrometers measure dry and wet bulb temperatures mhich, by means of a
psychrosetric diagraa, show all other huoidity factors. hogern
electronic psychroaeters aake the conversion internally. .
Direct dew point seters measure the real aew point, which 1S the best
physical definition of husidity. A cell with cooling regulated on the
dew point i1ndicates its teamperature. Dew 2olnt control is based on
electrical or optical assescment. The temperature deprecssion by the
cell i1s limited, but the accuracy is very high.

Indirect dew point meters seasure the dew polint on a salt (lithium
cnloride) because this teaperature 1c always higher than asb:ient, so
needs a heated cell instead of a chilled cell, wnich makes the
instrument cheaper. As salt dew point and re;1 cew point are related, a
calibrated scale finishes the job, but accuracy is lower.

Electric humidity measuring uses cells with a saterial cnanging 1ts
electric resistance or capacitance. These inctruments are the sost
popular ones now. There are alco 1nctrumentcs meacuring dielactric
losses of materiale, the locscsecs 1n water being auch higner than in ary
materials; thece instrumente are cpecially mace for mater:ial drving
control.

Infrarec abcolute humidity meters, dased on agcorstiicn of :nfrarec rays
in water vapour.

Neutron hueigity setercs (convenient for lccee macteriale;,
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Electrical values

Hithin the seasureaents of electrical valueé. strict safety
assasures and limitations have to be respected. Only well trained and skilled
people who have appropriate instruaents can carry out these seasureaents.

The electricity measureaents can be split into three fields:

- dirert current: this field is not iaportant for industrial energy supply

- single-phase alternating current: in this case we have to measure the
power factor (cos ,’ eurrent (I) and voltage (u) or to use a wattmeter
to be ablz to express the factual active power vaiue

- three-phace alternating current: these sycsteams can be measured with
single-phase instrusents three times, or just by assuming that the three
phases are equally loaded; of course the real three-phase instrusents
are more convenient and more accurate; they need more connection wcrk
because they have three voltage inputs and three current lnputs.

If we have to measure high powers of high currents and high
voltages, we cannot use the wattaeters directly, but we have to use mezasuring
transformers. Current and voltage smeasuring transformers are used to reduce
the relevant values to standardized instrument values (mostly 5R and 110 V),

As the measurements of voltage, current and resistance are
generally known, we would mention the power and power factor meacurement only.

The cos '{ - or power factor-seter measuree the phase between an

AC-current and an AC-voltage which 1s principally a sirgle-phase phenonmenon.
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The usual 1instruments are electrodynamic or ferrodynamic wnere the
seasured current runs through the indicator, and the voltage feeds two
perpendicular turning coils, the one over a series re51$tance. the other over
a series inductance.

Cos ’7 - aeters have a high power consuaption and a poor accuracy

if the voltage 1s not nominal or if current drops under 203 of nominal

In a single phase line the power is given by:
P=U.TI. cos k{
In 2 balanced 3-phase system power 1S
] S.Uo.l.cos‘f’
or

P :{3'. U . I. cos\f

voltage between twe linec
voltage between line and neutral
line current

with: U
Uo

1
cos ‘P has to be measured berween Uo and the corresponding [

In an unbalanced system the three powers have to be added:

P:U..I.cos“r L S | cosf +U.I.cos\'f

RO R R S0 S S T0 T 1
In many situations no cos ‘f - metering 1< available, and the

value shown on tne tag 15 useg. Thic leads often to 1mportant err.~c, however.
Wattmetere for single-phace meacurementc are elec:-odynamic or

eventually ferrodynamic 1nstruments; curren: signal through the 1ndicator,

voltage cignal trrough the mo.:ng coil.
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uatt‘eters for three-phase without ncutral have two instruaent units on
one shaft, wattaeters for three-phase ¢+ neutral have three units on one
shaft. Three-phase balanced systeas can be aeasured with a single-phase
instrument, by sutliplying the result with a factor 3, and again one should
not forget: voltage between line and neutral. 1If there is no neutral line,
earth may do if the neutral point of the transforaer is put a3t earth. Soae
sodern electronic instrusents have an additional solution on the mlssing
neutral problems: current should be taken froa one line, the voltage between
the other two.

Electricity counters are inductive instrulénts with the same
principles as wattmeters, but with a turning disc as seasurirg element. The
disc drives a counting work.

ficcuracy: 1 to 2%; under unfortunate conditions of voltage,
current and cos 1’ the instrusents are quite reliable.

The billed work factor is calculated from active and reactive

consumptions (A and R):

Using kilowatthour countere ac mobile instruments, one should pay such
attention to make good connectione, ecspecially when measuring trancsformers are
ucec. Namely, 1f the meacuring trancformere are uced, the the trancotmer

ratio has to. be taken 1nto account to correct metters readout.
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more particular saterial on electric energy supply systieas was
elaborated by Romanian Energy Auditing Sectoral Point within this project ICPE
Bucharest = (Research Institute for Electrotechnical Inddstry) and Faculty of
Electrical Engineering, University of lagreb. It can be founa as Appendix 1
to this sanual. [t deals sainly with:
- tariff systes for electricity pricing
- peak load shaving
- power factor correction
- electrical power transforsers
- electrical distribution networks
- electricai driving sctors

- measuring seans and-aethods.

Cther values
Soae other variables have to be sosetimes cetermined within energy
audits, as for examsple:

- geosetric dimensions

- weight

- dencity

- time

- revolutions

- calorific value

- Wobbe number.




Most of them sve Jgetérminable wiin <lmple and/ur weil snuwe
Standardglzed sethodas and apparatuses. The oniy less traditional apoiaratus
(applied also 1n the protolype wobiie draynusitic unili 1S the dobbe number

seter. [t detersines the Kubbe nueder

wlla™

(BG - gross calorific value
? - gaseous fuel density)

by eeasuring the teaperature rlce of z constant quantity of the air flowing
throuygn the cosbustesd gac. Tne ouIpul <:i3n&. 1S thRe voitage ¢f the
theraobattery which is registerea by a recorcer directly in values of the
Wobbe nusber. The 1astrusent can 3¢ adjuscec for measur:ng of natyral gas,
town gas andjor generator gas. It cvan be successfully 20plied 1n seasuring
furnaces where the causec of fiuctlvating fir:ng tesmperature arz to Se

ascertained. 1The real ourne: gutpul 1€ Progdrilona: to wos5e number.
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4. Data Processing and Evaluation

Cospilation of an energy balance is a fundamental step for analysis
of the energy consuaption situation. All foras of energy, such as theramal,
electric, chemsical, etc., may be involved in any process. Thersal energy 1s
usually the most important matter when dealing with cosbustion, calcination,
firing or similar processes. Therefore, this part wouild be ma2inly concerned
with calculations of theramal energy. Soame basic forsulas concerning electric
energy calculations have been amentionea before, in the section deal:ng witn
electric values measureaents.

For energy balance cospilation, the process schematic flow csheets
or the block flow sheets should be drawn first, with the directionc of 1inlet
and outlet flows of energy, raw materialc, fuel, steam, air cool:ing meciunm,
products, etc., around the facilities. The bafance boundary barrier shoula bde
chosen properly with considering the available data so as to iescen unkoun
factors. The individual items of the balance should be determ}ned under
defined (if possible stable, average) conditions of the process. Some of them
can pe measured airectly, other ones sust be calculated.

8esides energy balance other 1mporiant matters are to De ceterained
within energy auvolts as for exampie combustion process efficiency,
technological parameters (temperature dicstribution, molsture, pressure,
chnesical cosposition of the atmcsphere 1n the measurec device), etc.

Ac cace studies, several examples of most frequent calculat:ions

gshould be mentioned.
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é.2. Exaaples of caslculations

a) Gas density

- §°g

- + 0.717 CH4+ 1.26 CZH4+ 2.019 C3HB+ 2.668 C4H10 +

(1.257 N, + 1.429 o, + 1.25 CO + 1.977 COZ* 0.0899 H,+

2

+

m -1 3
m0" mg) . (1 “520/0'80“ [kg/mn]
Nz, 02. .«.-ratio of Nz, 02, ... in gas [%i/mi

. 3
mnzo - water content in gas [Fq/mn]

Wy = tar content in gas (for generator gas mainly)

3
o]
\ag = ?; ) 273 % [ 3]
101, 325 £, + 273 kg/m

Pg, tg - pressure (kPa) and temperature (°C) of the gas

b) Net calorific value of gaseous fuel

Hn = 12 645 CO + 10 750 H2 + 35 850 CH4 + 64 019 C2H4 +

+ 93 570 C3HB + 123 550 C4510 + 59 950 CnHm + 36 430 m,

]
[kJ/mn
(denotations as in a))

c) Net calorific value of liguid fuel

H = 418,7 . [81C + 290 (H - 0/8) + 255 - 54 H | k3/kg

C, H, 0, S - weight ratio of the elements in the fuel

[kg/kg]
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d) Combustion of gaseous fuels

<
"

0.5 CO + 0.5_52 + 2 CH‘ + 3 C2H4 + S CH, + 6.5C4H +

02t 38 10
+ 3.67 cnnm - o2 + 1.96 By .
vN e = vo - 79/21 (if no additional oxygen is supplied
2 2 .
.. besides air)
vat = Vo e 100/21 (if no additional oxygen is supplied
2 besides air)
vV =N, + V
NZCPt 2 Nzt
vCocht = CO + C02+ CH4 + ZCZH4 + 3 C3HB+ 4 04810* 2.45Cnnm +
+ 1.57 oy,
VHZOCPt = H2+ 2CH4+ 4C388 + 5C4H10 + 2.45 CnHm +

+ 0.884 m, + mH20/0.804

Vepar T Vnjcpe Veo,crt

+ V

Vept = Vepdt * TH,0CPE

COy cp max vCOZCPt/vCPdt

Vepd © VCOZCPt/COZ cP

Vep = Vera * Vep mjot

. - 1
n = (Vepg - Vepat! / Vat *

Vazn'vat
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CoO, Hz, PR mT, mHZO - as in a)

CO2 CP - maximum possible content of CO2 in combust;on

products (stochiometric condxtxons)[p /m ]

. 3 3
CO2 cp = real content of CO2 in comb. products [mn / mn]

VO £’ Va - theoretical columes of oxygen and air for

2 combustion of 1 m3 of gas [h / m3]
VNz cpt’ VCOZCPt' vﬁzo cpt ~ theoretical volumes of N2' CO2
and uzo in combustion products from 1 mi of gas
[=2 /%]
vCPdt' vCpt v cpd’ cp) - theoretical (real) volumes of dry
and wet combustion products from 1 mi of gas
(=5 7 =]

n - air excess coefficient

Va - real volume of air supplied for combustion of 1 mi

of gas[mi / mi]

e) Vogel’'s formulas for combustion of natural gas

- —4
v, = 2.651 . 107" H
v =2.938 .10 % H
CPt ¢ * n
= -4
Vop = (2.651 n + 0.287) . 107 H_

Hn - net calorific value of natural gas [kJ/mi]
other denotations as in 4)
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f) Rosin’s formulas

- for solid fuels, Bn:>21 000 kJ/kg:

_ -4 3
Vo, = 2.41 .10 EH o.5[n) / kg)
_ -4 3 -
Vepg = 2-19 - 1077 H_ + 1.5 [@n / ké]
_ -4 3
V., = (2.41 n - 0.23) . 107" H + 0.5 (n+2) [mn / ké]

CcpP

- for solid fuels, H >21 000 kJ/kg:

4

v, = 2.41 .10 " B
_ -4
Vepe = 2-63 . 1071 H_ + 0.4
V. =2.63 . 104 H_ + 0.4
CP - : n :

- for liquid fuels {oils):

_ -4
Vat = 2,10 . 10 Hn + 1.65
4

Vept © 2.65 . 10 H,

Vep = (2.10 n + 0.55) . 1074 H_ + 1.65 (n=1)

(denotations as in d))

g) Enthalpy (thermal content) °

- for solids and liquids:

Q=m.c. (t-te) (kJ)
m - weight (kg)

¢ - specific heat (kJ / kg.K)
(t - te) - temperature difference (K)
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- for gases:

Q-’—V.C.(t"t)
3
V - volume (m™)

c - specific heat (kJ / m3-K)

note: c¢ is not a constant value - it depends on temperature;
for example for dry air:

_ -3 3]
Cgy = 1-294 . 1077 . (996 + 0.095 t,) [}J / w.K

h) Calculation of mean flow velocity and volume flow from

Pitot s tube measurements

v = vZden i /?g (m/s)
-= 1
:T = - f v da N %_ .%".vi.AAi (m/s)
A
if A, = Ay = ... = Ag then
-=_1 .
v N i=1 Vi (m/s)

- s 273 3
e . . (m” /s)
tg * 273 7 401, 325 n

fq, tg, pg - density (kg/m3), temperature (°C) and pressure
(kPa) of the measured gas

den i,vi - dynamic pressure (Pa) and velocity (m/s) in
certain point of the piping

v - mean flow velocity in cross~secticn o’ the piping (m/s)

A - area of the piping cross-section (mz)

v, vo - volume flow (m3/s) and normal vclume flow in the
piping
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i) Static draught of a chimney

p=L (> ._273 .0 273
a t,+273 dcp - EE;‘:—§73) - 9.80665 (Pa)

L = chimney height (m)

?a' ?cp - normal density of air and combustion
products (kq/mg)

j) Heat transfer through a several-layers wall

=kt -t ) (W/m?) > q
. t
in out
k= y . + % 15 A A
Oin * 1 At Voue %40 Oy xz 3%
m? K/W) ' 1
L L, 1

k,°‘ - heat transfer coefficients (WImZK)

)li - thermal conductivity coefficient {W/mK)
li - thickness of insulation layers (m)

k) Heat transfer coefficient

Calculations of these values are rather difficult and
not very accurate. They are usually based on relations

between non-dimensional criterias
k4
Nu = £ (Fo, Pr, Re, Gr,[' s ees)
which can be found in great number in specialized literature.

There are also many empiric equations, as for example:

X = 7.9 40,053,  (W/mK)
(for brick vertical walls)
tw - surface temperature of the wall (°C)
X = 7,0 + 0.042 ¢
W

(for vertical walls with alumina surface)
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1l) Heat for drying a material (theoretical amount)

win
Q= my. ] [4.19 (100 - ¢, )+ 2 258] (kJ)
1= win
md = weight of dry material (kg)

"in - humidity of inlet material (kg/kg)
-t

- %3, ~ temperature of inlet material (°C)

The calculations that have been mentioned and other
similar simple ones can be carried out

with a pocket Pro-
grammable calculators,

which enable quite prompt compila-
tion of the energy balance items.
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s.t. Cosputer:izeg Data Processing

To %acil:tate cocplex calculations and evaluation of energy
consumption situation, a nusber of computer prograas has been deveioped and
widely appl:ied. The exact software package ic usually detersinea on the bacis
of actual needs and specific conditions of the industries to be audited. As
an exaample, a computerized system for energy auditing in ceraa:c industiry 1s
described in Part 7 of this Chapter.

fincther example may e a set of ccmputer prograes which are pering
used within the European Economic Community Energy Bus Prograsme. The ZEZ3
Energy Bus drogramee aimc 2t ascicsting mainly saall 3nd medrue-cizes
1ndustrial ooasanies anc 1t 1S oriented towarss S2rrying 3wt one I3y
pre.1m:inary energy audits. A cet cf computers analysic prograze, espegially

designed for such audite, enables the aucit teaa to analyse anc caliculate

-
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w
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121 enersy svings by srececziag the z2t2 wW-itr zre re_zlively
eacy =3 0Z-:ain. Tne =zoftwarz package can cnly 9ive raugh estieatsc ¢f Ine

energy cOrce-vatisn cotential. It sces rot irvestigate the irter-al

--------

fzlzuilatisre ¢f poscizle erergy €avings can e m3la:
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ventiiat:ion

This progras peraits the calculation of possible eneray cavings 1if

the operating paraseters of the existing equipaent are changed and if a heat

recovery unit can be used or its efficiency increased.
The following modifications may be exasined:

equipaent 1sproveaent

ventilation volume reduction

stratification reduction

temperature set-back

infiltration reduction

€0i1&F gain increace

reducticn of operating hours

combucstion efficiency isprovesent

y—

)

heat recovery 1aprovesend or

"
n
(o]
(44
'

©
ot ]

heat

Procecss

Appl:icaticn pregrax which calerliztas the thecreticz

(44
“1

')

anc pcte~tial energy reccvery from aot air gischarged ints

-

fu cavi:

av

th

Fad
3

[}
=

pcncine e

calculates.
This caiculation prograzr exasines:

hraat rezsvery nstallatioe

combustion eff.ciency 1mp-ovement

not water uce recuction

rccese “eguclilcn

A28 uz2
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Hot liquig tanks

This program calculates the possiple agvantages of 1nsulating the
walls of tanks and covering tre surface of open tanks by fioating spheres. [t
is suitable for closed or open tanks, rectangular or circular tanks. The
estimations are made assuming nuaber of fixed data in the case of open tanks.
Energy saving possibilities are based on calcuvlatisr of heat locsses, before
and after insulation and expressed as the difference in the amount of fuel.

The hot l:igquig tanks prograa can aiso be uced to calculate hea:
iosses and potential savings from heat distrioution cystess (het water or
cteam ripes).

Naier reccvery

Calculation of thic progras can show the energy tavings ¢hra:ined
whern the heat content of waste water 1< used, -2:ther by recuseratidon or by
recirecyiatien.

For calculztion are consigersd:

- temperazyre 37 tne water 3t the 1ntake

- temgarature of hot wact2 watar
- cest: ¢f water anc zewage.

Energy savings mav Ce esiimated 2STLMING:
- gifferent neat recovery efficiencies, ang

- 21ffcrent recircuiation volunes.

Ve
]
¥
| 1)
'
w

A

Savings can pe expreccses 2c fuel savinge ¢r ac recuct:isn
volume heazed. The porcgram can leac to recommensziicne in the areas of

dOMESL.C NCL water 2NnC ErsCest wafter reguciior 272 3.€C 8zl ~eclver,
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Hezting 5¢ puirlgings

This program caiculates the total energy ucse for heat:ng a
building. Total energy use 1s based on calculation of respective the
transsission losses, infiltration losses and vent:ilation locses. In contrast
to the insulation and ventilation prograa, by which only siaple builldings or
systess can be calculated, the heating program 2llows the caiculat:on of
complex buildings or systems and calculates the combined effect of
trancaission, veantilation and 1nfiltrat:on lccces on the heating giil.

Efficiency of boiler;

Thics program coeputes actz2al and i1zprovesg flue gacs lgsces z-:2
¢fnLal energy &ng cce:i savings recsulzing froa resucec flue gacs :gccses.
Data input includes:
- fuel type: gasoil, iight, meciua 2r peavy ¢1i, natural gac {(Sischteren
Cr T1¢h natirai gacs! ene c¢s2l
- flue gac :temperzture
- carben gisxige content
- cembustion air temperaturs
- annua!l fue: concsumpt:iarn {actuz!l)
- fuel coste

Program outpu! ccntains:

- astual ene-~gy use 10 M. or Mczl anc aztual costs
- improved energy use :n M. or "Mcal anc coste

. - energy and cost savinge
- cceféicient of Siegert (2ctia. arg 1ngraves;

- pi1ler effic.ency {a3zsual ing tmz-lvel,
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Cosprescec air

This progras computes aciu2l energy use ang energy 2asics far
coapressec¢ air production. Iaproved energy use and resulting energy and

savings can be calculated for five different energy saving sethoas:

reduction of compressed air consusption

- tesperature reduction of tne aspirateg a:ir
- regucec¢ compressed air precsure
- repiace coaprescsor by sore ef¥:c:ent comorecsss-
- heat recovery on CORpresss-
Data :nput 1aciudes: coepreczeC 21 pCETILTE, IISICEEIEI Il

cutput voluse, aspirated a:ir tezperztur-e, CoRSrEESS” TIa27, 1LLE 2lKE”
({off-power), total operaiicn tiae, isczcing ¥factsr, elszi-Izity Ittt 2%¢c ¢
. on rez: recovery a%F ar heat zampz-tco.

re *» -
Procgram oulpet %at2lns:

[}
v
©
e
]
tw
v
™

nc ifp-cved energy Uce an3 Iesis

- €ce21%.2 ere-3y cansurpticne e ti. scTo-scces 3l
- annyal crocuction of ccapresczc i
- recovereq compresso- heat anc fuel €3vit3s 1~ Bolls” TTyce,
Molier
Thic program ¢crputes eczent al tre ertraizy clffersrie 27408

peints on tne M:l:ier diagram for wet air. Alsc relztive numisiiy szesity

volume anc erch2lpy 0% the start:ng and tne e~2 £o.nt ars c3lz lzzsec,

cost
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Yhe pregraam can be used to calculate operazign csrcitions $5r:
- heat recgvery on wel gas streaas
- recirculation on drying systess
- economizer on boiler
- condensating heat recuperating systess of both indirect and direct

centact type

- air conditioning heat exchangers
- neat pusp heat exchanger cosponents
- air heating or numsic:f:ication cystesms.

Datz :nput: absolute humidity and temperature of starting po:int,
ceaperature after recuperation, type of recuperatsr (cirect ¢r irc:rezz;, fys!l
type anZ fue! cosi, exhaust volume, operating hours, ate. pressure.

Programs ocutput: condit:ions at starting and at enc pc:ins, reEcavered

latent anc sens:tie heat, annual savings.

. fvccit Repor:

All tre projecteg data, gathersd Riscoriczl @zTa, mE3SUre: gz:: arg
calculatec recsylts 3re tn2 pice for the eiapcration cf tae Audit recc-: By
quairfiecd and experienced experts. TRls report containce the m2:cr enersy
characteristice of tne economic unit unger review, tne aralys:c and synthecsic
of the augit ang the reccmmencations 3:a:ng to resuce cr el m:nate evergy
lesces,

Taxirg 1nto accoun: that auditing :€ 3 COApiex acliviiy 27C €uaming
up anc analyzing the -eguits, 1% 1€ 1mportan: te make the r~epere (€176 2

srifora structure 3ang c-eceatation., The #giicer~g paras-zcns :.i.."f ne

recommencec struciyre % Fus.Lt res5 IS made foroinguetrial o slifrtE., Lt 2se o
BCONCMLIC URLZE 223i913:15 tu O0%ner zeclic-e ¢ tre n~ptiinil escsorT.. LT LT o3_gl

NeCBESAry 2 writ@ repIrte of 2 €imila” TICfUCIUCE ATg he AN Tlit mace

163 tacclar #0077 will ce Lnifira,
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Structure of Augit report for industrial plants

1.

2.

3.

Coamprehensive cossents and proposals (Fig. 8 !}

Action plan for reducing energy losses (Fig. 9 )}

Description of activity

3.1 Background

3.2 Ais of the study

3.3 General information

3.3.1 Naae of the enterprise and its cupervisory authority
3.3.2 8rief description of the activity of the factory
3.3.3 Structure of the energy organization

3.3.4 Description of production data (for 2-3 years)

Tehcnical and economic analysis of the energy consuaption of the
factory (based on data froa 2-3 years; (see: Figures 10 & 11)

Aralysis and evaluation of the tables

Energy analysis of technological processes ang equlpment
’

S

(3
-

.1

.2

Descripticn of technological processes and equlipaent

Energy analyses of technological processes anc ecuipeent
{asetering, calculat:ion, comparison, eic.]

Evaluation of tecnnologlical processes and equipment wilh a view L0

energy

Study of instrumentation ang control

Exam:ning the level of capacily utilization anc garganization

Study of auxiliary plant equipment

8.

)

t

Analysls of neat performance 0f puilaings
Stugdy 0f heating systea
Stucy of not water management

Stcay of bo:ier olant
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8.3 £Zxamination of boiler-feea amake-up

8.6 Study of condense netmwork

8.7 Study of ventilation

8.8 Study of cooling systea

8.9 Study of water pipeline network

8.10 Examination of semage treataent

8.11 Study of energy distribution systeas

{steam, electric)

§.12 Studv of internal and external lighting

8.13 Examination of power factor isproveaent

8.14 Study of compressed air cysteam
9. Study of peak load control

9.1 Examination and load limitation

9.2 Study of power purchase from cupply system
10. Examination of possibilities for co-operation in the field of energy
i1. Study of operational and aaintenance activities

12. Susmary and econoaic analysic of propocals




Fig. Y. Comprehensive Comments and Proposals‘

No. | Sources Loss Eliminat. |Loss elimination Cost of Payback | Remarks
of loss GJ3/yr |in currency| method potential ;zit:;ion ;:2; Code No.,
unit /yr GJ/yxr | in currency, 1
unit/yr n currency
unit/yr
Fig. 10 Action Programme for Reducing Energy lLosses
No. | Proposed [Proposed | Name of person |Expected saving Estimated cost|Payback | Remarks
measures |schedule | responsible GJ/yr | in currency| of the taken time
unit /yr measure year
in currency
unit




Fig. 11 Energy Turnover in 1986 and 1987

No. Energy carrier year 1986 ' year 1987
t GJ__in total % t GJ in total §

1. Natural gas

2. Petrol

3. Gas o0il and fuel oil
4. Electric power MWh
5. - Other

Total




Fig. 12 Energy Consumption on a Monthly Basis in the Years 1986 and 1987

1986 . 1987
electric power natural gas electric powver natural gas
Month 3 ' 3
KWh GJ % m GJ L ] KWh GJ ] m GJ L ]
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6. fteasures for iaproveaent

6.a General considerations

Proposals of technical, technological, operational and/or
organizational measures for improveaent of economic efficiency are to be
elaborated as the most important part of each energy audit. They are
presented to the owner of the tested device to enable him to reach energy
conservation, quality improvement and/or production intencification.

To decide the priority of carrying out energy conservation
seasures, 1t is necessary to review the following conditions:

- amount of energy used in technical and financial units

- energy consuamption rate, in technical and financial units

- total of investments, necessary for energy savings

- payback period of invested capital

- degree of difficulty or technical feasibility

- effects reached from financial, tecnhnical, market and otner pointe of

view

- continuity and stability of energy savinge and products procescing

However, 1t 1< general to carry out the energy conservation
measures 1n the following order:

- first step: intensification of energy consumption control (review ang
observation of operation standard, facility control
stansard and maintenance standard; eliminaticn of
uselessness, unreacsonableness and irregularity; tra:ning
and motivation of employees)

- cecong steo: introguction of energy conservction eguicment {automatisn
of energy consuming procecses, waste enerjy recovery,
etc.) A short overview of the methods for energy

consumption control and monitoring 1¢ give~ . ApPrengix

II by the Faculty of Electical Engineer:nsy, Univers:ty
of Zagreb.
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- thrig step: improveaent of process and/or systea {1introduction of
up-to-date technologies and facilities having high energy
consumption efficiency).

Selected measures for thersal energy and electric energy
conservation are recoamended in the following paragraphs.

6.b Thermal energy

a. Control of combustion conditions (0 or OC, control in a flue gas).
Some methods how to calculate air excess coefficient have been
aescribed in previous chapters. Nevertheless, 1t could be interestirg to
state as an example the standard criteria of air excess coefficient, which are
presented 1n Japanese stancards for boiiers (Fig.13)

Fig. 13 Air Excess Coefficient

Itenm Loading Arir Exceces Coefficient

(%)

Solig fuel Liguig fue! Gaseous fuel

Roilers for Electri-

city Supply 75-100 1.2-1.3 1.05-1.1 1.05-:.1

Other B8oilers:

- over 30 t.n 75-100 1.2-1.3 1.1-1.2 1.1-1.2
- 10-30 t.h 75-100 1.2-1.3 1.2-1.3
- under 10 t.n 75-100 1.3 1.3
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tffects of Lhe temperature of fiue gases.

[<1]

The nhigher the flue gas temperature, the worse the tnermal

process efficiency (Fig9. 14 )

fig. 14  Flue Gas Exit Temperature Effect
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The aecrease of flue gas teaperature 1s limited by tne gew point
{(because of corrosive effects).

c. Effects of waste heat recovery

Waste heat is heat which is generated in a process but then is
dumped to the environment even though it could still be reused focr some useful
and profitable purpose.

Waste heat is normally available in the form of sensible heat of
work (1.e extra heat content of work which 1s hotter than the environaent) or
Jacket heat lossec of the furnace. It 1s normally released to and cegraged in
the surroundings and quickly loses 1tc value. In fact, it is the value of
that heat being discnargea which should be i1dentified and - 1¥ poscsible -
recovered. The utilization can include a simple heat exchanger for preheating
combustion air, 011, water or reactants, or it could include the operation of
a8 hea: engine cuch as wacste heat beiler or a turdbine to obtain steam cr
electricity.

Sources of wacte heat can be giviged according to their temperzture
into three temperature ranges. The nigh temperature range refercs to
temgerature apove 650°C. The mecium range 1< between 230°C and ¢50°C ana the
low temperature range 1< pbelow 2369C.

High ano medium temperature waste heat can be useg to produce
process cteam. If one has high temperature waste heat insteagc of progucing
cteam directly he <hould consider the possibility of using the high
temperature energy to co useful work before the waste heat 1¢ extracted. Eoth
gac anc steam turpines are useful and fully developed heat engines.

In tne low temperature range, waste energy, wnich would bde
otherwise useless, can sometimes be made uceful by application of mecnanical

worx through a cevice called the neat pump.
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The combustion of hydrocarbon fuels produces flue gases 1n the high
teaperature range. The aaximua theoretical temperature in atsospheric burners
is somewhat uncer 1650°C, while measured flame temperatures in practical
burners are just under 1500°C. Secondary air or some other dilutent is often
adaitted to the burner tc decrease the temperature of the coabustion products
to the required process teamaperature, for exaaple to protect equipaent, thus
decreasing the practical waste heat temperature.

The brief list below gives some examples of temperatures of waste

gases from various industrial processes:

- glass melting furnace 800 - 1200°¢C
- cesent rotary kiln 600 - 750°C
- open hearth furnace 650 - 750°C
- annealing furnace cocling systes 430 - 650°¢C
- drying and baking ovens 250 - 650°9C
- heat treating furnaces 420 - 650°C
- steam boiler exhausts 250 - 5009¢C
- process steam condensate 55 - 90°C
- cooling water 30 ~ 909
- air-conditioning and

refrigeration condensers 30 -  459C

To uce waste heat from sources such as thoss apove mentioned it 1s
necescary to transfer the heat in one fluig stream to another (e.g. from flue
gas to feedwater or compustion air). The desice which accompliches thig
transfer 1< called a neat exchanger,

Heat exchangers used to recover waste neat can range from something
ac cimple ac a pipe, 3 furnace channel ar duct to comething as complex ag a
waste heai poller,

Several typec of neat exchangere ang otner pocc:iziliziez of wacste
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heat utilization are given in the following figures:

INSULATION AND
METAL COVERNG v

Fig. 15 Metallic Radiative Recuperator

MASTEGAg.b {}Fﬂﬂm

Fig. 16 Convective Type Recuperator
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Fig. 17 Combined Radiative and Convective Recuperator
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Fig. 21 Finned-tube Gas to Liquid Regenerator (Economizer)
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Fig. 22 Waste Heat Boiler
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RAW MIX INLET GAS EXIT HEAT EXCHANGER
Sy

2;_.

| R

ROTARY KILN

TO CLINKER
COOLER

Fig. 23 Waste Heat Recovery in a Cement Rotary
Kiln by a Preheater
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Fig. 3, Heat Recovery i,, a Tunnel Kiln




The capital requirement for waste heat recovery
is sometimes greater than this one for other energy
saving opportunities. Thus, decisions about individual
projects become more difficult to make. On the other hand
rewards in the form of reduced energy costs can also be
greater and this constitues the incentive for the efforts
to recover waste heat.

Every plant has some waste heat. A waste heat management
programme is a systematic study of the sources of waste
heat in a plant and opportunities for their use.

The economical recovery of waste heat depends on five
factors:

- There has to be a use for the waste heat. This point is
not treated in this work; it is assumed that such a use
has been located.

- There has to be an adequate quantity of waste heat. To
estimate the quantity of available waste heat one uses
the first law of thermodynamics.

- the heat must be of adequate quality for the purpose in
question. For example, heat available at 150°C cannot be
used directly to heat steam to 200°C. The problems of heat
quality and availability are treated using the second
law of thermodynamics.

- The heat must be transferred from the waste stream to
the material of work piece where it is to be used.

This is a problem in heat transfer and heat exchangers,




- The waste heat must be used profitably - this is a ques-

tion of economics

Effects of an extensive insulation

To rueduce the existing dispersion heat loss from the
surface of a device or a piping system an additional layer
of insulation or some more effective insulating materials
can be installed.

Thermal conductivity of an insulating material is the
decisive parameter for insulation of continuous thermal pro-

cesses.

In the case of periodic processes an optimum must be
determined between surface heat loss and the loss by accu-
mulated heat (light weight insulating materials are very con-
venient for this purpose).

Effects of the condensate recovery

The thermal energy contained in a generated steam con-
sists of a latent heat (of about 80% of total heat content
of steam) and a sensible heat. If the sensible heat of con-
densate completely is recovered as a boiler feed water, the
fuel saving of about 10-20% might be expected, according to
the temperature of the retumnn water.

Effects of inner pressure control in a furnace

when the pressure in furnace is in the plus side (over-
pressure) and too higher than ambient pressure, resultant
flame causes heat loss. When the pressure is in the minus
side, the cold air outside the furnace enters into it and
cools down the inside of the furnace, which results in
heterogenity of temperature pattern and in fuel loss.
The leakages of a furnace (inspection holes, doors., ...)
should be as small as possible. (Fig. 25;
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v Fig. 25 Heat Loss Around Opening Hole

g - Effects of burners system

Significant Energy Conservation can be reached
througn utilization of automatic burning systems
(microprocessors controlled) or by replacement of obso-
lete burners with modern ones (high velocity burners,

recuperative burners, etc.).
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Electric power

To switch off equipment when not necessary (transformers,

motors, air conditioning, lighting with low or no load).
Periodical maintenance

To review contracted power when actual power demand
is much different.

To optimize capacity of transformers if load factor
is less than 0.5.

To rationalize transformer voltage on low-voltage side
(in case the difference between actual and rated vol-
tage & 3%).

To raise power factor of entire factory (in case the
powér factor falls under 0.9 to install adequate con-
densers for improvement of power factor).

To minimize voltage-drop on distribution line.

To watch maximum demand automatically (for larger
plants).

To select an adequate motor capac%ty (if the load fac-
tor is too low to replace the motor by smaller one).

To keep high power factor of main facilities.

To optimize capacity and revolution speed of large
motors of puaps, blowers, fans, etc.

To optimize the exhaust pressure of compressors and
to repair leakages on compressed air lines.

To supervise lightload automatically.
To optimize and control temperature of rooms.

To limit electrical heating to special use (to change
to heating with fuel or steam).

Good maintenance and introduction of high efficiency
lamps.
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6 .4, Practical examples of energy conservation

Whenzanalysing technological process to idertify
enerqgy losses and saving pqssibilities, there are several
possibilities in each manufacturing plant, which lead to
considerable reduction of energy consumption.

In spite of the fact, that main steps of energy mana-
gement in the industrial plant are analyzed in the chap-
ter 1II of this Manual, practical selected examples are
presented in the following as a tool for quick orientation
of energy management factory s team. The recommended mea-
sures are divided into two groups, related to the

a. technological examples for enexrgy savings
b. general recommendations applicable in any case studies
of energy conservation.

a. Technology

a 1. Replacing gas or oil fired melting tank by electric

heating

The new technology, using electric heating of
melted batch by electrods (such as Molybden) reduces
losses by 25% to 30% and higher melting temperature can
be reééhed. Since electrods are covered by the fresh
batch the chimney losses are lowered to the minimum.

a 2. Lowering the maximum grain size of the batch

By melting the melting time depends very much on
tae size of the batch particles. If, in the glass
production, the silica grain size is lowered from
0.8 - 1.0 mm to the smaller grain size that 0.6 mm,
about 40% of energy is saveddue to the shortened time
of melting. Similar effect is reached in the reld-brick
manufacture, if body raw materials are ground to the
appropriate grain size.
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Fired or melted reject recirculation

In case that fired reject in ceramics or broken
glass (cullet) in the glass production is biended into
the batch composition, reduced amount of energy is ne-
eded to achieve fini.ned products. In the glass pro-
duction, each 10% of cullet in the batch composition
will reduce the heat energy for batch melting by about
2-3% from total.

a 4. Single laver firing technology

Single layer firing technology of products which
must be thermally treated in order to reach requested
properties, reduces the heat consumption upto 60-70%,
since the speed of firing is very high and closer to
the critical firing curve. In the contrary, piling of
products extends the - ime of heat treatment and increa-
ses the heat consumption. ’

Simplification of the technology

Different examples exist in any industrial techno-
logy. Continuous steel casting and shaping of metallic
products, single firing technology in ceramics, non-
sh;inking body in different manufacturing processes,
non—firéd chemically or hydraulically bounded refrac-
tories, shaped and/or unshaped, modern shaping techno-
logies such as tape casting and vibrating shaping and
other similar examples lower the heat and electric ener-
gy consumpiion very much and they are great reserves
for further steps in energy conservation and technolo-
gy development.

Increasing the heating surface of evaporators in dif-

ferent food and chemical industries

By extending the hea -urface of evaporators the

specific load and specific stzim consumption of evaporating
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.units are reduced, the heating stcam demand can be redu-

ced by 3-5%.

Continuous pasteurizers instead of autoclaves

Continuous belt-type pasteurizing equipment repla-
cing autoclaves for controlled heat treatment in the food
industries, milk, soft drinks and beer manufactures, in
canneries and other industries brings about considerable
energy savings and promotes continuous work as well..

Storage of grain crops in tower bins with ventilation

In tower bins fitted with ventilators it is not
necessary to lower the moisture content of the product

" below the equilibrium level, some additional moisture

reduction results from ventilation. This way shows the
possibility of 20% energy savings.

Reduction of grinding time and energy consumption of

grinding mills

With roller mills of larger weight and surface
implemented instead of traditional ball mills grinding
time is reduced from about 16 hours to about 6-8 hours
which results into considerable power saving. Replacing
the internal silex lining by rubber will extend the time
of operation by twice to three time without repairs.

In ball mills as such the grinding time can be reduced

to one half if silex balls are replaced by high density
balls or cilinders with the volume weight about 3.6 g.ci
Again, considerable energy saving is reached.

Up-dating of curing concrete elements

Traditional curing is made in uninsulated plate
tubs with manual feeding of steam. Energy saving can
be achieved by using insulated tubs and programmed
steam feed. By using a propzr design c¢ondense utili-
zation is also possible.

3
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Keeping breeding poultry in greater floor

Instead of using the traditional straw beds, grea-
ter floor is built into the hen-houses. Manure is re-
moved every day or several times in a day and this
reduces the amount of ammonia, therefore heat removal
by ventilation can be reduced. Heating of the building
is only necessary at lower temperatures.

Production of bitumen emulsion

By replacing traditional, gas o0il diluted bitumen
used for road maintenance with cold treated bitumen
emulsion a considerable amount of gas oil and energy
can be saved.

Cold storage of grain crops

The grain crops are pre-dried by reducing the
moisture content down to 18-20% and then cool air is
ventilated intc ciiem while additional moisture content
is extracted. This method shows the way how to avoid
the overdrving and the possibility to save the thermal
energy, which equals to about 6% of moisture content
reduction.

Heat utilization of binder driers

Oon the flue gas and on the drying air side of
the driers liquid-air heat exchangers are built in,
which on the liquid side are fitted with circulating
heat carrier cycles. The exhausted heat is then ex-
ploited for the preheating of air used for the burners.

Reducing heat consumption of sugar dryiny by a more

intensive centrifugal operation

The traditional method of removing the thin layer
of syvrup remaining on the crystal grains with water

and steam and then the drying with overheated steam
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in a centrifuge. In case of a more intensive centrifuging

operation the steam “~mnand of drying can be lowered by
blowing in warm-air preheated with the condense water
of the evaporation station.

Waste gas utilization hy built in compressors

Chemical processe:; often produce waste gas which

can be exploited. Instead of blowing off the waste hydro-

gen gas generated in the course of chlorine production
it can, by a built in compressor, be condensed to reach
the pressure of the synthesis gas and after cleaning

it can be utilized. This way some of the natural gas
demand of ammonia production can be saved.

Patenting of wires by direct heating

Patenting of rolled or drawn wires is traditionally
made in furnaces with heat transfer. In a protective
atmosphere patenting can be made with direct heating.
In this case a significant amount of energy, reaching
upto 40% from total, can be saved.

Application of liquid fillers

The paper industry uses refined kaolins as coa-
ting and filling matters. Since kaolin is applied in
a slurry, lot of heat and electric energy can be saved
if a kaolin plant does not dewater and does not dry
kgolin, which is then moistured in a paper mill again.

Application of liquid fertilizers

The agricultural sector is used to apply chemical
fertilizers for soil reclziming in-a solid form. Dis-
advantages of solid fertilizers are: a storage loss
of about 15%, multiphase of spreading with uneveness
of spreading, wash out and higher energy demand in pro-
duction. If liquid fertilizers are applied the follo-

wing advantages come into account: lower energy demand
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in production, no storage loss, even spreading, low
wash-out and single-phase snreading.

Utilization of non-metallic sorbents in agriculture

and environmental protection

The application of non-metallic sorbents for sandy
soil reclaiming lowers the penetration through the soil
layer and it increases the retaining soil capacity. As
a result the dosage of chemical fertilizers is lowered,
the need of virigating water goes down up to one half,
contamination of underground waters is improved and the
harvest is increased by 20% to 100% depending on the
type of crop, soil and climate.

Specially activated non-metallic sorbents, such as
bentonites, illites and zeolites purify industrial ore
contaminated as well as other waste waters and enable
the factory to recirculate purified waters on one side
and to exploit in non-waste technologies the sedimented
impurities. Since non-metallic sorbents are natural ma-
terials, no secondary contamination is caused. Newly
developed methods are cheap and efficient not only from
the financial point of view, but also from the view of
the electric and thermal energy consumption.

Energy saving processing of slaughterhouse wastes into

protein fodder

From the majority of slaughterhouses slaughtering
wastes are transferred to the site of the processing
firm where, with the involvement of steam and power
consumption, they are processed into meat meal. By
installing a wast2 processing production like the slaugh-
terhouse wastes can be ®ith the addition of conserving
germicidal a2gents processed into meat pulp on the spot.
Biclogical value of meat pulp is higher than that of
meat meal and considerable amount of energy can be saved.
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Reducing heat demand of drxying beet slices

By replacing traditional slice process with two-
spindle process, the extracted content of the beet slice
can be increased from about 14-15% up to 20% from total.
Specific enérqy consumption is reduced accordingly.

Improving the technology of tobacco drying

The specific energy consumption of driers used
traditionally for tobacco drying is high. By applying
special types of driers drying air is of a more favou-
rable fluid mechanical distribution, thus temperature
and humidity can be controlled and specific energy demand
is reduced. By programmed temperature control of dri-
ers further savings can be achieved.

Application of electric cooling belts in glass making

In order to lower the stress from hot shaped glass
products during cooling, annealing kilns of different
designs are used with a gas or oil fired cooling belt.
Energy can be saved by exploiting waste heat from glass
meiting tanks and by using owing to control. By using
a tyristor controlled electric cooler, control becomes
very accurate and this results in energy savings.

a 25. Application of induction heating

In metal processing plants oil or gas firing or
electric resistance heated furnaces are used to heat
components up to forging temperature. By installing
medium-frequency induction furnaces fitted with semi-
conductor control, waste heat can be reduced up to
about 40% from total.

a 26. Modernization of fruit juice condensation

Fruit juice processing plants using traditional
technology process fruit juice of 11-12° Bé extract
content in two stages im order to reach 72° Bé extract
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content using a great amount of steam. By doing this

in four stages, with up-to-date centrifugal final

condensation technology, the same quality will be ob-

tained with much lower energy consumption.

b. General recommendations

b 1.

b 3.

b 4.

b 5.

Establishment of motor vehicle diagnostic station

Instrumental tests are made on vehicles, transpor-
tation machines and engines. When required they are
serviced what results into the reduction of fuel con-
sumption.

Establishment of enerqgy consumption standards

Considerable energy savings can be achieved by
service people of kilns, driers, boilers, vehicles and
other energy consuming units, if objective energy con-
suming standards are established and if servicing peop-
le are properly motivated for energy conservation.

)
Converting steam heating network intc¢ hot water
heating

Jdot water heating system utilizes different ty-
pes of ‘waste heat even with a relatively low temperature.
By conversion it is possible to build in an automated
unit also sensing externial temperature and to achieve

energy savings.

Up-dating compressed air generating system

By replacing uncontrolled reciprocating compres-
sors wit . air demand controlled screw-type compressors
blow-in losses and power consumption can e reduced.

Replacement of ~entrifugal pumps

Considerable energy savings can be achieved by
using up~to-~date higher efficiency pumps instead of the

obsolele anes at technologies in chemical industries,
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réquiring a lot of pumping.

Heat supply of driers with flue-gas generators

By applying thermoventilation for the heat supply
of drying furnaces instead of traditional steam-to-air
heat exchangers a higher efficiency can be obtained.

Up-dating and automation of heatAggneratinq and distri-

oution systems

By implementing an external temperature controlled

~-regulating system which takes into account internal

temperature as well, heating of plant buildings can
be programmed and a very significant energy saving can
be achieved.

Design of factories buildings

The height of the prodnction hall should not exceed
the necessary technology and security requirements. Well
insulated walls, but also doors and windows with doubled
or trippled glass screens contribute to energy savings
very much. For such produ~tion halls in which entries
and exits are changed frequently because of the techno-
logical reason, pneumatical blowing closing system is
established in order to divide the temperature gradient
inside and outside the hall. Therefore, the building
industry had developed several different types of doors
and windows with very good parameters.

Spesd control of conveyer-belts

The speed of high capacity conveyer-belts is prac-
ticable to be adjusted to the level of production since
sometimes considerable part of the operation time the
capacity of the drive is not exploited. by using a ty-
ristor-type control it can be achieved that the belts
operate with the speed demanded by the feed. This saves
a considerable amount of energy.
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Return waste-water utilization by purification

Different types of waste-waters leaf the indust-
rial processing. By implementing a return water puri-
fier, the waste water can be cleaned, what contribu-
tes sometines not only to energy savings, but also
to the environmental protection.

Modernization of water softening

At many boiler plants, continuous alkalitreatment
and frequent sliming are applied to avoid thickening
of feed water. By implementing a lime by pre-softener
the slime can be r moved by sedimentation and pretrea-
ted feed-water becomes less hard. The frequency of.slime
and alkali removal and thus the volume of emitted waste
heat can be considerably reduced.

Utilization of waste heat from cooling systems

The heat absorbed by ammonia-operated cooling equip-
ment and the aeat equivalent of compressor work can be
utilized in an ammonia-water heat exchanger for warming
or pre-heating water.

Up-dating steam separators

In some equipment still the old type of steam sepa-
rators. are used which emit large amounts of steam into
open air. Such devices are to be replaced by thermal
and thermodynamic steam separators. This way major ener-
gy savings can be achieved.

Water side automation of steam boilers

In several plants steam boilers are fitted with
Hanneman-type level controllers and Agua Control-type
dauger indicators. Alkali and slime removal is made by
the operator. By installinjy Gestra type electronic con-
trol systems, alkali and slime removal can be program-

med, what results in savings of thermal energy.




b 15.

b 16.

b 17.

- 89 -

Application of gas infra-radiators

In several fields of industry and agriculture air
heating is done by using hot-air blowers. This method
supplying heat is applied in halls, animal breeding
and plant growing sites. Due to large doors and win-
dows and due to occasional intensive air exchange, sig-
nificant amounk of heat gets out into open air. By using
infra-radiators the necessary heat level can.be reached
with approximately 60% energy consumption only.

Additional thermal insulation

In'the recent years additional thermal insulation
of buildings, within that the problem of insulating
doors and windows, has been in the limelight. Diffe-
rent studies prove that by subsequent fitting of rock
cotton and by foaming aminocell, 30-60% of the energy
used for heating can be spread.

It has to be mentioned that the heat transmission
of doors and windows of traditional design is about
twice as much as should be 6 W/mzK for windows and
4 W/mzx for doors. Heat loss is considerably increased
by heat bridges within the structures which are in
particularly great numbers in mass-produced building
units. The degree of thermal insulation has an econo-
mic optimum value. In case of great loss it is the ener-
gy cost of heating, in case of little loss it is the
capital cost of insulation that increases the cost
above the optimum value,

Heat supply centres

One way to reduce operational energy losses is
improving heat centres. Instrumentation, automation
and thermal insvlation of heat centres are generally
insufficient. For lack of metering, consumption of in-
dividual plant units cannot be checked, plant operation
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cannot be evaluated. Often 10-15% of total energy con-
sumption can be spared by the thermal insulation of
the heat supply centre with automation weather condi-
tions can also be taken into account. The units on the
condense side of heat centres are also of particular

importance.

Road transport

Almost all plants are interested in solving the
energy problems of all road transport. The primary
reason for low efficiency is the unfavourable energy
consumption of motor vehicle engines. Insufficient loa-
ding of the vehicle and non-rational choice of transpor-
tation speed can add to the problem. Attention should
be given to the reduction of air resistance. Air resis-"
tance is proportional to square speed, performance to
cubic speed. It is also important to reduce bending re-
sistance by adjusting type préssure (3-4%) and to regu-
larly adjust carburation and ignition which can ensure
a fuel saving of 5-10%. Special attention is to be gi-
ven to winter operation. The efficiency of cold engi-
nes is much smaller, e. g., the 21% average efficiency
of petrol engines drops down to 15% in urban transport
in cold weather. Because of the above factors, diag-
nostics has particular significance in reducing losses.

Electric drive

When talking of technological equipment, electro-
motors are of great importance. From the energy point
of view individual drive is the most advantageous, as
the drive only operates when there is actual demand for
it, besides the loss from the central gears and the low
efficiency partial load operation of the central power
machine are avoided. From energy side it is also very

important that a motor of adequate performance has to
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be selected in which case an efficiency of 85-95% -'depen—
ding on size - can be ensured. It can be considered a gene-
ral principle that the replacement of a motor loaded below
45 % of its performance is always cost-effective and neces-
sary. The internal and power losses of a lower capacity motor
always cover the costs of replacement. In case of variable
speed drives, -changing is a frequent requirzment. The main
disadvantage of asynchronous motors is that in case of a
squirrel-cage design, the number gf revolutions can be
reduced to 40% of the synchronous revolution. The develop-
ment of power current electronics have resulted in a radi-
cal change in the field of speed changing. Frequency con-
trol can be made both by DC and by AC motors with a very
high efficiency.

From rectifiers and control components developed
from semi-conductors such drives have been obtained which,
applied with DC motors, provide very flexible drives.

The one single disadvantage of the drives is that they
generate overtones on the mains which have to be suppres-
sed. With tyristor connections parameters and frequency

of currents can be changed almost optionally and with

very little loss, thus the revolution number of asynchro-
nous motors can be easily controlled. The efficiency diag-
ram of governable drives shows good performance in a very
wide range, but again attention has to be given to avoid
permanently low efficient partial load operation caused

by overdimensioning.

b 20. Boiler efficiency

A significant part, about 35% of technological
steam is generated in boilers., Therefore, the efficiency
of boilers is of great importance. Boiler efficiency de-
pends cn the used fuel and on the size and condition of
the boiler. In case of a brand new boiler, efficiency
of coal firing is 72-75%, that of oil firing is 82-86%
and that of gas firing is 92-94%.
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Efficiency is very much dependent on the condition
and the maintenance of the boiler and operation practi-
ces. With full load, each mm of soot deposited on the
heating surface reduces efficiency by 3-4%, while with
partial load the reduction is bigger. As shown by the
results of different auditsAby proper maintenance and
operation practice the average efficiency of boilers can
be increased even by 15-20%. Certain devices, such as
automatic draft check plates, prevent the water space
of the boiler from cooling down and provide accurate con-
trol of the water level as well.

Chemical-processes

A considerable number of the chemical processes
take place in autoclaves and reactors. Heating of these
- often pasteurized - vessels can be made by firing, elec-
tric heating or thermal transmission of heat carriers
(steam, fluids, etc.). The way they generate energy
and their structural design usually conform to the techno-
logical process easily, material and energy often form '
one integral urnit. At a low temperature steam has the
greatest importance amohg different heat carriers. The
use of steam - as opposed to direct firing - is often
justified by technological and other aspects (e. g. dan-
ger of explosion).

Lighting

It is a general demand on all plant levels that
artificial lighting of the rooms must be sufficient and
cost-effective. Seeing it as complex process, therefore,
the quality of lighting depends on several factors which
all have their effects on energy consumption. Resolving
power depends on the degree of lighting measured by
the volume of light radiated onto unit surface area
(its dimension is lux, which is equal to lumen/m’).
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Identification of shapes which is of primary impor-
tance, depends on the degree of illumination, but the
spatial distribution of light also has a role in the pro-
per development of light and shadow effects.

Colour identification, essential in several technolo-
gies, depends on how the spectrum of artificial light
approximates that of natural light: this is characteri-
zed by a colour response index or by the colour tempera-
ture of the light source. Coloursof surroundings objects
and surfaces are also important: they can either help -
or retard shape recognition, thus either reduce or increase
energy demand of lighting. Desirable degree of lighting .
depends on the activity: for not too requiring, general
illumination often 10 1lx is enough, for a precise work,
occasionally 1000 1x is necessary.

The following can be accepted as general recommgnda-

tions:
storehouses ’ 60-120 1lx
workshops 250 1x
reading, writing 500 1x
technician"s work 1000 - 2000 1x

Too high briliance of a light source causes dazzle-
ment since the differences in light intensity are beyond
the adaptability of human eyes. Most working places must
only be illmminated in very cloudy weather and at the be-
ginning of dusk but this happens to be just at the peak
period. Therefore, energy management is of great impor-
tance in this field as well. This does not mean that the
level of lighting has to be reduced. In present practice
plants are illuminated poorer than necessary. This has
an unfavourable effect on general health conditions, in-
creases the leeling of tiredness and nazards of accidents
at the same time unfavourably effects productivity and
the quality of products. Results of ergonomical tests




show that when illumination level is increased from

500 1x to 900 1x, speed and accuracy of calculation

is increased by 5%, logical thinking by 9.5% and memo-

rizing capability by 16%. In plants where precise work is
required, increasing illuminatinn from 500 1x to 1000-

1200 1x resulted in a 10-25§ rise in performance, more .
than 20% reduction in waste production and also a conside-

rable reduction in the number of accidents. .

So the task is to produce sufficient illumination -
with low energy consumption. Tools of economical light-
ing are high-quality light sources_and lamps. The effici-
ency of light sources vary considerably:

bulb lamp 4-8%
neon lamp 20%
high-pressure metal

vapour lamps also 20%

Thus, by replacing light sources and energy saving
of 30-75% can be achieved. It has to be noted, however,
that the light flow of neon lamps dramatically drops after
4000 hours of operation so it is worth programming their
replacement.

The efficiency of fittings ranges from 10 tc 90%,
Losses partly result from the fact that covering surfa-
ces either absorb or scatter parts of the light. Loss
from fittings designed with the necessary competence is
only 10-20%, Particular attention has to be given to dirt
deposited of fittings which often cause a 20-35% reduc- ’
tion in luminous flux. Regular cleaning therefore is a
considerable potential for energy saving, Spatial effi-
ciency depends on the spatial distribution of luminous
flux. Depending on the optical design and spatial arran-
gement of fittings spatial efficiency depends on the
ratio of light directed onto areas to be illuminated
and light falling onto areas not requiring illumination.
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in lamps a major source of 10ss can be improper cooling
which reflects the light source itself. In case of over-
heating it is not only life expectancy that is reduced
but also their luminous flux. Relative reduction of lumi-~
nous flux can be as much as 50%.

Degree of natural and artificial lighting is also
greatly effected by the colour of walls which determine
reflection according to the following:

Colour of wall Reflection %
light cream 75
light yellow 73
light apricot 64
bright yellow . 58
light green 55
light biue 50
bright green 26
orange 23
blue 19
dark grey 12
dark red 7

With regard to all the above mentioned factors, we
can say that there is a lot of saving potential in this
field as well.
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7. Mobile Diagnostic Unit of the Czechoslovak _Research Insti:ute for Ceramics,

Refractories and Non-merallic Raw Materials in Pilsen (Case Study 1)

7.a General Descrig:ion

Performance of diagnostic measurements requires the applicacion of
modified measuring and recording instruments and techniques. The optimal
solution of the problem represents the use of the mobile diagnostic umit (MDU)
equipped with required apparatuses and with the dacta processing centre.

The concept of mobile diagnostic units (energy buses) was adopted
independently in different advanced countries throughtout the world as it
is the mosr effective means to carry out the energy audits.

The diagnostic measurements within Czechoslovak ceramic induscry
using MDU were introduced by the Research Institute for Ceramics, Refactories
and Non-metallic Raw Materials in Pilsen more than ten years ago. The first
mobile diagnostic unit (MDU) of che Insticute has been in service since 1976.
Therefore, it was decided to coanstruct the second and third MDU, equipped with
modernized instrumentation. Both units are used parallely at present.

The MDU of the Research Institute for Ceramics, Refractories and ¥on-metallic
wav Materials in Pilsen, used in non-metallic induscries is a mobile measuring
laboratory installed in a special van and used by the team of specialiscs.

It is capable to find out directly, under the operating conditions all the
outside and inside circumstances and conditions which influence che optimal
energy consumption of a heat consuming unit.

The equipment of the mobile laboratory enables to perform all cypes
of the above mentioned measurements, i.e. the determination of heat balances,
the ascertainment of technological conditions in thermal processing of
ceramic materials and the complex measurements. The evaluation centre of
the MDU contains the data logger and computer, enabling evaluation of
measurements in the field. The equipment contains also devices for checking

and calibracting the measuring instruments and for minor repairs.




The third mobile diagnostic unit of the Research Institute in Pilsen




\

Interior of the mobile diagnostic unit
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7.b Measured Factors and Applied Instrumentation

The most important equipment available and its applications is

as follows:

(A) Temperature Measurements
The wmeasurements of atmosphere and surface temperature are most
frequent. The temperature of atmoshpere is measured usually by orthodox
sensors:
for the range up to
- 600°C resistance Pt thermometers
mercury thermometers

Cu-Ko the-mocouples

- 1200°C  Ni-NiCr thermocouples
1400°C  Pt-PtRh10 thermocouples
- 1600°C PtRh6-PtRh30 thermocouples

Besides standard Ni-NiCr thermocouples with protective ceramic
tubes ecrher ones, so called jacketted thermocouples, are used to
a great extent. The advantage of these thermocouples is a considerable

shorter time constant in comparison to orthodox wells. Jacketted thermo-

couples are also flexible and measurements can be taken in points with
difficult access. For example when temperature distribution in
cross-sectiq of a kiln is measured, these thermocouples are successfully
used. These thermocouples are delivered in length up to 5 m, on special
request even longer. The possibilities of application are ¢ery wide.
For example the %iring curves in the multi-channel kilns can be measured

by means of these thermocouples (Fig. 26 )
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Fig. 26 Multi-channel Kiln - Measuring of Firing Curves

By ine.erting -the thermocouple into the kiln and its
gradual withdrawing the firing curve of the channel is obtained
within a few minutes. The measurement by the usual method
would take some tenths of hours.

For the measuring proper and for recording of indications
through the resistance and thermocouple sensors the equipment
of mobile laboratory is provided by the data logger with high
precision. The data are stored in digital form here. The first
MDU is equipped with compensation recorders. One recorder has
12 inputs, so it can record the information from 12 measuring
points simultaneously.

Besides temperature indications the data logger as well
as the recorders are provided by standard ranges in mV. Thus
the other values can be recorded when transferred into voltage.
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For the surface temperature measurements the mobile
laboratory is equipped with contact thermometers with
Ni-NiCr sensors and digital measuring instrument, usable
up to 1200°C. This instrument with high precision can be
used for atmosphere temperature measurements as well.
Besides there are thermoelectric contact thermometers
(up to 250°C) and three fully radiating pyrometers with
mutually overlaping ranges from 700 to 2000°C.

The most advantageous device for surface temperatu-
re measurements is the radiometer Thermopoint, with measu-
ring range from -30 to 1100°C. Its operation is based on
microprocessor technology, allowing the data accumulation
from one series of measurements to another. It may be used
to measure different surfaces at different times and pla-
ces and still determine the average, maximum, minimum and
differences of these surfaces. Up to 10 000 points may be
accumulated. This radiometer enables to measure the tempe-
rature of inaccessible points.

(B) Gas Flow Measurements

The MDU is equipped with orthodox mechanical anemome-
ters and with mechanical-electrical anemometers for mea-
string the flows in driers and the sucking of fans. The
anemometers can be connected to a specially adjusted re-
corder which.enables to conduct a long-term investigation
of flow conditions. These anemometers can L. applied also
in measuring cars in channel driers (Fig.26 4. The mobile
laboratory is also equipped with several types of Pitot’s
tubes for gas flow measurements in ducts,

(C) Pressure Measurements

A very frequent task during operation tests is the
measurement of low pressures both in pneumatic equipment
and in the ascertainment of draught conditions. For this

purpose precisious liquid micromanometers are applied.
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Fig. 27 ° Measuring Car in Channel Drier

These devices have changeable measuring ranges. In case
the record of measured pressure is needed the indication

--annular -balance with the basic range +# S0 Pa-can -be-epplied.

For measuring higher pressures the equipment contains series
of precise manometers.

(D) Dew Point Measurements

The knowledge of the dew point in drying equipment is of
a great importance. Together with temperature and flow velo-
city it gives the basic information about drying process.
For dew point measurements the transportable sets are applied.
The equipment consists of three probes and one plotting recor-
der. Every probe has a temperature resistance sensor (tempe-
rature of dry thermometer) and a dew point sensor (tempera-
ture of wet thermometer). The sensor of the dew point is
based on the tension compensation of




vapour produced by the LiCl electrolyte and vapour of the
ambient. The stabilized temperature equilibrium corresponds

to the temperature of the dew point. This set in connection

with mechanical-electrical anemometers represents the equip-

. ment by which the basic parameters of che drying process -

- the temperature, the dew point and the flow velocity of

the drying medium - can be measured and recorded.

(E) Measuring of the Properties of Combustion Gases,
Analysis of Combustion Products

For ascertainment of fuel gases composition the mobile
laboratory qu equipped with an Orsatchromatograph. With
regard to the difficult transportation of this instrument
the application of Wobbe s number-meter proved toc be more
practicable. This instrument determines the Wobbe s number
(the ratio of the heating value and the second root of tke

gas density) by measuring the temperature rise of a constant
quantity of the air flowing through the combusted gas

(Fig. 28). The output signal is the voltage of the thermo-
battery which is registered by the recorder directly in va-

lues of the Wobbe s number. The measurement precision rea-
ches from 5 to 10% with regard to the applied calibration.

The precise calibration is carried out by means of calibra-
tion gas mix delivered by the producer of the instrument.
The instrument can be adjusted for measuring the Wobbe s

number of natural gas, generator gas and town gas.

The Wobbe s number meter was successfully applied in
measuring tunnel kilns in the plant where the causes of
N fluctuating firing temperature had to be ascertained.

-

For checking the firing process the mobile laboratory
. is equipped with transportable analyzers and by instruments

installed in the van. The second MDU is equipped with mo-

dern transportable analyzers. They are applied for the de-

termination of CoO, CO2 and SO2 content, each of them with

two ranges - for high and low concentration of checked gas.
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The selective absorption of the infra-red radiation by
the measured gas is utilized for the determination of the
content of the component looked for. The instrument wor-
king on the increased permeability of oxygen with regard
to other gases is used for measurements of oxygen content.
All the analyzers can be connected with plotting recor-
ders or with data logger to store the measured data.

The extraction of combused products is conducted by built-
in pumps (transportable analyzers CO, coz, soz) or by an
extra pump (O2 analyzer) through probes of a corrundum
material,

Analyzers are used for checking combustion conditions
and for inspecting the function of burners. The ascertain-
ment of the air sucked in by leakage of the kiln is impor-
tant, too. It is applied especially in tunnel kilns where
the tightness of sand grooves can be checked. The analysis
of the kiln atmosphere in the preheating zone shows the
economy of kiln operation and potential reasons of great
temperature differences in cross-section of the kiln.




1.c Computerized Data Processing System

The system was developed in co-operation with the British
National Industrial Fuel Efficiency Service (NIFES) for the prototype
mobile diagnostic unit of the Research Institute for Ceramics,

Refractories and Non-metallic Raw Macterials in Pilsen, Czechoslovakia:

1. Description of the hardware

The system is shown diagramatically in Fig. 29. 1t
basically comprises of:

IBM XT SFD computer

- Biodata Microlink Computer Interface
- Epson LX 86 Dot Matrix Printer

- Sensors for temperature, pressure etc.

.

1.1. IBM computer

The IBM XT SFD computer has the following facilities:

- Based on an Intel 8088 microprocessor

- 40 kB of ROM

- 640 kB of user memory

- Memory access time is 250 ns

= Cycle time is 345 ns .

- There are 8 expansion slots

- One 5.25 inch double sided slimline diskette drive of
360 kB

- One 20 Mg fixed disk drive, with 85 ms average access
time

v
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KILN, BOILER, DRIER, ...
(THERMAL PROCESSES)

SENSORS :
THERMOCOUPLES,

i , MANOMETERS,

GAS ANALYSERS, ETC.

SENSOR LEADS

BIODATA MODULE:
MICROLINK PGA 16, RTD 8
INTERFACE TC 16, A12D
MF - 12

I.B.M. xt$FD |

COMPUTER FD = S5 1/4" 360 kB FLOPPY
40 kB. ROM. DISK
640 kB. RAM HD = 20 MB FIXED DISK

®

I.B.M. COLOUR

HIGH
EPSON RESOLUTION
LX 86 NLQ MONITOR

Fig. 29 Scheme of the Computerized System




— Asynchronous Communications adaptor
- Facility to add a further 360 kB, 5.25 inch diskette
drive

The computer is supplied with:

IBM personal computer enhanced keyboard =
- IBM enhanced graphics display

IBM enhanced graphics adaptor .
IBM parailel ﬁrinter adaptor

IBM maths coprocessor 8087

- Hercules graphics board

1.2. Biodata Microlink system

Microlink is a modular hardware interface, designed
for connecting laboratory instruments to microcomputers
using the IBM-488 instrumentation interface.

Microlink has a larqé number of modules available
which can be plugged into the rack and then connected to the
computer by a single cable. The range of modules is listed
in the following. The hardware and modules installed in the
system supplied under the UNIDO contract are as follows:

MF - 12 mainframe

The mainframe is supplied complete with power’supply
module, control module, mains lead, User s Manual and any
necessary blanking panels for unfilled slots. It has slots
for 12 single-width MICROLINK modules.

- A12D module

12-~-bit analogue-to~-digital converter module. This
module accepts the signals from the PGA 16, TC 16 and
RTD8 modules.

PGA 16 module

This module accepts upto 16 channels of differential
analogue voltage input. Each channel has programmable zero
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cffset and gain enabling unipolar positive, unipolar nega-
tive and bipolar signals to be measured. The full scale
ranges are 10 mV, 100 mV, 1V and 10V. This module will ac-
cept the various analogue voltages to be logged. (Note that
current signals have to be converted to voltages).

TC 16 module

Upto 16 thermocouple channels can be monitored with
this module. It is supplied complete with an isothermal box
into which the the:locoupie leads axre terminated using screw
connections. Also included in the isothermal box is an en-
capsulated R?D mounted on a copper block which can be moni-
tored as one of the 16 input channels to provide a cold-
-junction reference temperature. The module contains a pro-
grammable gain amplifier that allows gains of x 100, x 200,
x 500 and x 1 000 to be selected by software.

RTD8 module

Bach module will monitor temperature from upto 8 reference
temperature detectors. 2, 3 or 4 wire configurations can

be used. The module has two resistance ranges which are
software-selected. The nominal accuracy of the RTDS is

0.1 Ohm and higher accuracy can be obtained by autocalibra-
tion techniques.

1.3. Epson'£x86 printer
80 column near letter quality dot matrix.

The printer is connected to the computer with a centronics
{parallel) cable.

The printer can-be used either with the tractor feed attach-
ment or by friction feed for fan fold and single sheet of
paper respectively.

2. Description of the software

2.1. Microlink Scientific Software Entry Level Data Logging
(ELDL) package




‘This package is used to drive the Microlink hardware
during data logging.

Its operation is in two stages:

- data collection
- data review

2.2. NIFES thermal programs

NIFES thermal programs have been designed to be run
after the various stages of the ELDL review software have
taken place.

NIFES programs are as follows:

2.2.1. THERMINA. BAS

This proqtan.' sets up a data file on disk
of the options within the thermal program to use the
data from the ELDL,

2.2.2. THERMAL. BAS

This program uses the data from THERMINA, BAS

data file and the ELDL data review.

The data is used to access any or all of the thermal
subroutines which calculate:
- radiation and convection loss
- flue qaé loss above 0°C.
- moisturxe in air loss for driers
- air volume measurements

Data input review for each module type is as follows:

a) Radiation and convection module

- for each section of the hot surface - temperature (°C)
- Ambient temperature (°C)
-~ Type of sensor and conversion from measured units

to degrees Celsius.

b) Flue gas loss module

- Flue gas temperature (°C)
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- Oxygen content of flue gas (%)
- Ambient temperature (°C)

Options within the module:

- Carbon dioxide content of the flue gas (%)

= Sulphur dioxide. content of flue>gas (%)

- Flue gas vuiume (m3/h)
(from Pitot/anemometer module)

- Type of sensor amd conversion type from measured units
to appropr ' ate emgineering units. '

c) Humidity in air loss modnle

- Air streamdry bulb temperature (°C)
= Air streamwet bulb temperature (°C)
Ambient dry bulb temperature (°C)
Ambient wet bulb temperature (°C)
- Air stream volume (-3/hr)

(from Pitot/anemometer module)

d) Pitot/anemometer air volume measurement

- For Pitot measurement: for each Pitot tube-differential
pressure (mbar)

- Por anemometer measurement airstream velocity (m/s)

- Type of sensors and conversion types measured units
to appropriate engineering units.

2.2.3. Data output from THERMAL.BAS program
Digsk Storage

a) Radiation and convection loss module

. Por each section of hot surface and each time
increment.
- - Surface numberx

- Surface temperature (°C)
- Surface convection loss (MJ)
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— Surface radiation loss (MJ)

Total surface loss (MJ)

Ambient temperature

The total plant loss (sum of surfaces) (MJ)
b) Fire gas loss module
For each time increment

- Flue gas temperature (°C)

- Ambient temperature (°C)

- Mean oxygen content (%)

- Mean carbon dioxide content (%)
- Mean sulphur dioxide content (%)
- Excess air (%)

- Flue gas volume at 0°C (n;/h)

- Fuel flow rate

- Heat loss (MJ)

- Heat loss (%)

c) Moisture loss module
For each time increment

- Air stream dry bulb temperature (°C)

- Air stream wet bulb temperature (°C)

- Ambient dry bulb temperature (°C)

- Ambient wet bulb temperature (°C)

- Air volﬁﬁe flow rate at air temperature (m3/h)
- Air stream relative humidity (%).

- Air stream specific volume (m3/kq dry air)
- Air stream moisture content (kg/kg dry air)
- Air stream saturation (%)

- Air stream enthalpy (kJ/kg dry air)

- Heat loss (MJ) '

- Increase in moisture content (kg/hr)

- Heat in air stream (kJ/h)

- Moisture in air stream (kg/h)
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2.2.4. Print Out

An option to print cut the reduced data it is computed
on the printer is available during the compuatation.

a) FLUGASA

This is a flue gas program where the data is input
by hand for single -calculations.

. b) SUR LOSS
This is a iradiation and convection loss program
. where the data is input by hand for single calculations.
c) HUMIDITY

This is a programx to calculate the properties of
air. Wet and dry bulb temperatures are input by hand for
single calculations.

d) LOTUS 123

Lotus 123 is a sophisticated spreadsheet with graphics
facilities. Lotus 123 is provided to enable special file
handling to take place at a subsequent date from data
converted from the ELDL data review and from THERM or
input by hand.

e) THERMDEM

This is a demonstration program for the ELDL,
THERMINA, THERM system.

The data measured by MDU are afterwards generalized
by the data logger, printed and evaluated with the use of
portable computer. This evaluation centre can be used either
in the field, installed in the measuring laboratory or at

. home, after returning back. The evaluatiorn centre is suc-
cessfully applied in the field for the events of trouble-
. shooting to be able to provide the user of the equipment

with complete information as soon as possible. Thus the
duration of undesirable situation in production can be mi-
nimized. The evaluations of various measurements cannot be
covered by a single computer program due to high varia-
bility of thermal units used and diagnostic measurements
performed. Therefore the system of partial programs was




- 114 -

worked out. Special ccmbinations of these programs are
used in individual cases.

Example of the partial program:
Program *FUEL"

Entering data:

- type of fuel (town gas, generator gas, natural gas, oil,
etc.) '

- composition of fuel, obtained by laboratory tests

Results:
- calorific value of the fuel
- theoretical air demand for combustion 1 m3 (1_kg)
of the fuel
- Theoretical volume of combustion gases originated by

ciring 1 m> (1 kg) fuel with air excess 1.0, 1.2, 1.4

etc.

Practical Example - Diaqnostié Measurements on Tunnel’
Kiln for Bisque Firing of Wall Tiles

Technical parameters of the kiln

Type: tunnel semimuffle kiln

In operation

since: 1978

Fired product: ©bisque firing of wall tiles 150 x 150 mm
Fuel: town gas 14 455 k3m

Number of

burners: 58 (29 from each side of the kiln)
Internal

dimensions

of the kiln: 1xwxh; 119 x 1.14 x 1.35 m
Firing

temperature: 1050 - 10€0°C

Number of kiln
cars in the
kiln: 67

Output: projected reality
2 2
4800 m /dav 4114 m /day
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Setting on

2 2
a kiln car: 152 m 150 m
kiln car
advance interval: 45 min. 52.5 min.
Reject: 6.8%
Specific -1+
consumption: 3770 kJ . kg - 10%

Target of measurement:

- improvement of firing conditions
- reduction of specific consumption
- creation of corditions for output increasing

Diagnostic method used:

For the investigation of firing conditions the measu-
ring kiln car with four thermocouples Pt-PtRh was used.
The location of measuring points presents Fig. 29.. The ther-
mocouples were connected with the recorder and compensation
box by the compensating lead-wire through the inspection
tunnel. The pressure of the kiln atmosphere as well as the
concentration of carbon dioxide were measured through the
sight holes of the kiln. Samples of the kiln atmosphere
were sucked off the kiln by ceramic tube. The kiln atmosphere
pressure was measured by the precise micromanometer with
changeable response, the CO, concentration by the analyzer
Infralyt.

The heat balSnce of the kiln was determined in order
to find possibilities of specific consumption reduction.
Consumption of town gas was measured by the installed gas
meter, the fluctuation of gas quality by Wobbe s number
meter. Gas composition and its average calorific value were
determined in laboratories of the West Bohemian Gas Works.
The air flow velocity at suckings of fans was measured by
anemometers, the air flow velocity in the pipeline was
calculated from Pitot’ s tube measurements. The temperat-
of kiln cars and that of the ware leaving the kiln was
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measured by contact thermometers.

The testing was accomplished during the steady operation
of the kiln, the adjustment of regulation elements was not
changed. The advance of kiln cars was uniform.

\'/

65

Fig. 0 Location of Measuring Points

Results of measurement:
Firing curves, pressure of kiln atmosphere, Co2 concentration:

. The course of temperatures in measuring points of the
cross-section, pressure of the kiln atmosphere and Co2 con~
centration presents Fig. 3I.
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Gas composition, consumption and quality fluctuation:

The consumption of town gas in respective days of mea-
surement and the average consumption per one hour presents
Fig. 32 - The composition of gas shows Fig. 33 . The gas qua-
lity fluctuation, expressed by the percentage of the ave-
rage value of Wobbe s number can be seen in Fig. 34 .

Accumulated heat:

The loss by heat accumulated in ware and in kiln cars
was calculated from average tamperature, specific heat and
material flow of respective material. The temperature was
measured in the upper, central and lower part of the set-
ting on the circumference as well as in the centre cf the
setting. The temperature of kiln car lining and the tempe-
rature of iron boggie was measured in three different points.
This way three cars per day were measured, i. e. during
four days of diagnostic measurement 12 cars. The average
temperatures of individual materials were used for calcu-
lations.

Fig. 32 Gas Consumption

Day of . Consumption Average % of average
measurement (m’) (m’. p=1)

1. 10 995 458 97.9

2, 11 091 462 98.7

3. 11 324 472 100.9

4. 11 514 480 102.6

. t B
Average consumption during the measurement: 468 m.h 1.
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Fig. 33~ Average Composition of Gas
Component Portion (%)
’ H, 50.90
Cco 15.39
* CH4 19.76
cnam 0,80
CO2 10.60
Nz 2.55
3

Calorific value of this gas: 13 754 kJ m >.

Fig.. 34 Gas Wobbe“s Number Fluctuation

Day Time . $ from average
1. 6.00 101.3
12.00 101.7
18.00 100.5
24.00 101.8
2. 6.00 100.9
12.00 101.2
18.00 100.7
24,00 99.8
3. 6.00 ' 1006.3
12,00 98.7
18,00 99.4
' 24.00 99,6
4. 6.00 95.7
’ 12.00 98.6
18.00 99.1

24.00 27.9
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Heat flow by the heat, accumulated in setting:

Qas= ﬁs.cs.(ts - 20) = 0,406 . 0,795 .« 130,0 = 42,0 kW
#_ .... material flow of setting (kg-s V)
€, ... specific heat of setting (kJ-kgTIK-1)

ts eee.s average temperature of setting (°C)

HBeat flow by the heat, accumulated in kiln car lining:

Q; = il.‘.c.l.(t1 - 20) = 0,301 . 0,897 . 103,0 = 26.3 kW

#, .... material flow of kiln car lining (kg-s~ V)

1.-1

€y -... specific heat of kiln car lining (kJ.kg~. 'K ')

t1 ««e. average temperature of kilmn car lining (°C)

Heat flow by the heat, accumulated in iron boggie:

Q, = #,.c,.(t, - 20) = 0,95 . 0,477 . 78,0 = 3.5 kw

ﬁb .e.. mMaterial flow of iron boggie * (kg.s-1)
'€, +... Specific heat of iron - (k3. kg K" V)

ty ee.e average temperature of iron boggie (°C)

Firing conditions:

Gas composition, theoretical need of oxygen and the
amount of combustion products presents Fig. 34.,
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Fig. 35 Theoretical Need of Oxygen, Amount of Combustion
Products

Component | Volume (m') | Need of O Comb. products (m’)
in w’ (m’) 2

Coz 320 “2
82 0.509 0.2545 - 0.509 -
co 0.154 0.0770 0.1540 - -
CB‘ 0.198 0.3960 0.1980] 0.396 -
Cngl . 0.008 0.0240 0.0160] 0.016 -
co, 0.106 - 0.1060| - -

Nz 0.025 - - - 0.025

T 1.000 0.7515 0.4740}) 0.921 0.025

b |
The?retical need of oxygen for firing 1 m gas is
0.7515 m . This amount of oxygen brings about nitrogen:

3
0.7515 . ____;13___ = 2.8271 m

3
Theoretical need of firing air for firing T m gas:

3
vat = 0.7515 + 2.8271 = 3.5786 m

Theoretical volume of dry combustion products
3
formed by firing 1 m gas:

3
th = 2.8271 + 0.0250 + 0.4740 = 3.326T m

Theoretical volume of wet combustion products:

3
Vwc = 3.261 + 0.9210 = 4.2471 m




Real volume of combustion products

This value could notbe measured directly. Therefore
it was determined from the concentration of CO2 in stack
~ draught. Except the Co2 volume formed by firing gas also
the CO2 volume formed by the decomposition of calcium
carbonate contained in fired material had to be taken
into account. By this ?ecomposition 58.44 n’ per hour was

3
formed, i. e. 0.1249 m per 1 m of fired gas.

The average CO2 concentration in the stack draught
during the time of measurement was 2.5%.

The real amount of dry combustion products can be
determined from theoretical content of COZ, devided by real
percentage of CO2 content:

. 3 3
Var = 0.474 + 0.1249 . 100= 23.956 m per 1 m of gas,
s
2.5 i. eo 3.234 n -S 1

The real amount of wet combustion products:

- : h ]
vgr = vdr . Vﬁ,20 = 23.956 + 0,921 = 24.837 21 per 1 m
of gas, i. e. 3.234 m.s

The aif'éxcess coefficient for this amount of combustion
products:

n=6.76

Loss by air from cooling zone

The warm air was draught from cooling zone by the
piping of rectangular cross-section 0.6 x 1.2 m. The air
flow velocity was calculated from the dynamic pressure,
measured by Pitot s tube and precise manometer in six li-
nes, devided regularly along the cross-section of piping.
The average air flow velocity calculated:
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v, = 3.92 n.s“

Static pressure of air: 20 Pa
Temperature 109°C
Specific density 0.899 kg.m >

. The amount of warm air, draught from cooling zone:

- s 3 -
Véc = 1,9 m.s

1

This air was used for drying.of pressed pieces.
Heat Balance of the Kiln

Heat input by fired gas:

Qg = Vg-H, = 468 13 954 = 1788 kW
3600

.
Vé «... amount of fired gas m.s 1

By .... calorific value of gas (kJ.m-3)

Heat loss by calcium carbonate decomposition:

Heat loss by decomposition of 1 kg: 11 280 kJ-kq"1

Average calcium carbonate content: 9,73%

Output of the kiln: 1 462 kg-h~!

Heat loss by Caco3 decomposition (technological loss):

Q. = 0.0973 , 1462 . 11 280 = 446 kW
. 3600
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Heat loss by the air from cooling zone:

Qe = Vo - S -(t, - 20) = 1,96 . 1302 . 89 = 227 kN

' -
v cen. amount of wvarm air (m .s )

ac
C,c ---- SPecific heat of air x3.n 3. x° V)

1

tac -... temperature of air (°C)

FPlue loss:

Qe = vﬁr'ccp'(tcp - 20) = 3,234 . 1,319 . 128 = 546 kW

3 1

Cep *+* specific heat of comb. products (kJ.m ~. K

tcp .... temperature of comb. products (°C)

Loss by accunulatgd heat:

© o Q._+Q.,+Q
Qat as al ab

= 42,0 + 26,3 + 3,5 = 71,8 kW

Heat Balance - Review of Items'

kW )

Heat input 1 788 100.00
Loss by calcium carbonate

decomposition 446 24.94
Loss by the air

from cooling zone 227 12.70
Fluz loss 546 30.54
Loss by accumulated heat 72 $4.03

Other losses (by con-

duction of brickwork,

by leakage, to founda-

tions, etc.) 497 27.79
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Accumulated heat

f %, ‘.03./0

') Loss by air from cooling zone

1270%6
-
A Loss by calcium carbonate
2L94% decomposition i
2779%, > Other losses
. .4

s

Flue loss
36,54%

100 %

Heat input

Fig. 26 Heat Balance - Sankey s Diagram




Graphically is the heat balance expressed in Fig. 35

Specific Consumption o. the Kiln:

production of the kiln . 0.406 kg.s !

Heat input 1 788 kW

Specific consumption of heat

for firing 1 kg of product 4 403 kJ.kg |

7.¢ Evaluation

Firing curves

The temperature distribution in the cross-section
of the kiln can be considered satisfactory one (see Fig.
30 ) . The temperature differences between the lower and
upper part of the setting in preheating zone are accep-
table for bisque firing and considerably lower than that
in kilns of traditional construction. The rise of tempe-
rature ir temperature interval from 500°C to 600°C slows
down. The dilatation curve of fired material shows ma-
ximum in this interval, caused by physico-chemical chan-
ges in material. Therefore the reduction of temperature
rise is advantageous in this interval.

Some imperfections can be seen in the course of
cooling. Pired material shows high thermal shock resis-
tance in temperature interval from 1060 to B00°C and
therefore the cooling slhould be more rapid here. It would
enable to slow down temperature decline in the interval
from 600°C to 500°C. Problems of the cooling are partly
caused by comparatively short cooling zone of the kiln.
To improve the situation the owner of the kiln lengthe-
ned the cooling zone by putting last three pairs of bur-
ners of firing zone out of operation. On the other
side this measure brought about deterioration of tem-

perature equalization in firing zone,
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The cooling rapidity is higher in the end of the kiln.
The outlet temperature of about 150°C is obvious for this
+ype of kiln.

Pressure conditions

The normal pressure (equal to atmospheric pressure)
exists in the kiln between the 19! and 20! section. The
rest of the kiln from this part is in overpressure with
maximum from 32nd to 36th section (10.6 Pa). It is the
upper admissible limit in considerably long part of the
kiln. It causes the penetration of kiln atmosphere to the

inspection tunnel and increases losses by leakage.

Kiln atmosphere

The composition of kiln atmosphere is influenced
significantly by the decomposition of calcium carbonates
which is most intensive in temperatures from 700 to 950°C.
The CO, content reaches 20% in the part of kiln with this
temperature. The co2 content falls down in preheating zone
due to air excess in burners. The CO2 content is 7.9% in
the 12th section and 2.5% in stack draught (air excess ’
coefficient n = 6.76). The combustion products penetrate

deep to the cooling zone. The CO2 content amounts 8.3%

th

in SS section of the kiln.

Gas quality

The differences of Wobbe s number did not exceed

+ 2% from average - The duration of the
change being shorter than several hours, it was compensa-
ted by thermal inertia of kiln brickwork and no changes
could be registered. The change longer than one day caused

the intention of the kiln to change firing curve. In such
case the input had to be regulated by the attendance.
Such a long change occured during the measurement. The
quality of gas declined in first two days. It was reflec-
ted by increased consumption of gas.
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Heat balance

The greatest deal (30:543) of the input (1788 kW)
represents the flue loss. It is caused by great volume
of combustion products, necessary for temperature equali-
zation in the cross-section of the kiln.

The uncommon item of heat balance is the loss by de-
composition of calcium carbonate. It represents almost 25%
of the input. The use of calcium carbonate for body com-
position brings on one side energy conservation by lowered
firing temperatures, on the other side a part of conserved
energy is spent for the decomposition of calcium carbonate.

The loss by hot air from cooling 2zone is relatively
low (12.7%). It is caused by the construction of brickwork
of cooling zone. The brickwork is intensively cooled here
by vertical channels. Thus the low surface temperature of
relatively thin lining is teached; but the heated air from
channels escapes to the space above the kiln without any
use.

The loss by accumulated heat in fired material and
in kiln cars forms about 4% of the input. This item is on
the level of these of similar kilns and can be partly re-~
duced (as it can be seen in the following).

The rest of the input - almost 28% - is spent for the
losses through lining, by leakage (penetration of kiln at-
mosphere to inspection tunnel due to relatively high pres-
sure of kiln atmosphere in firing zone), by losses through
foundations etc.

The specific consumption 4 403 kJ.kq-1 exceeded pro-
jected value 3 770 kJ-kg ! by 16.8%. It was caused partly
by lower actual output than projected, partly by the loss
by the decomposition of calcium carbonate which hacd not
been taken into account in the project.
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Suggestions and Recommendations

Firing curve

Thermal treatment of material can be considered ideal
in preheating zone. Temperature differences in the cross-
section are also acceptable in preheating zone. Most of
- the reject occur in cooling zone. This fact is confirmed

by the character of the cracks. Therefore the shape of coo-
ling curve must be changed to reduce the reject occurence
(6.3%).

Principles, which should be observed:

A) To cool the material as quickly as possible to the sur-
face temperature 650°C.

It can be managed by:

- blasting-in the air to the three last pairs of burners
which are out of operation

- adjustment of cooling fans in the corresponding part
of the kiln at maximal output.

B) To deccelerate the cooling in the temperature interval
from 650°C to 450°C by:

- complete closing of cooling system in corresponding
part of the kiln.

C) To accelerate the cooling in the last part of the kiln
(with temperature below 450°C) as much as possible by:
-~ opening the direct cooling at maximum.

. Heat balance

To lower the specific consumption of heat it is neces-
. sary:

A) To use the heated air from cooling zone in the entrance
air lock

B) To increase the output of exit air lock for the purpose
of better cooling of material in last sections of the kiln.
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The main principle, which must be strictly observed
during the adjustment of the kiln: changes must be realized
one after another. Only after the response and when the
new stabilized operation is reached, a new change can be
accomplished. Thus the effect of each change can be re-
gistered.

7.t contributions

As mentioned above, diagnostic measurements represent
a very important part of energy management in ceramic in-
dustries. Contributions of realized recommendations can be
classified as direct and indirect ones.

Direct contributions

energy conservation is realized by:

- adjustment of burning conditions
(adjustment of optimal gir excess, adjustment of the out-
let temperature of burners, etc.)

- adjustment of pressure conditions
(reduction of too high pressure in firing zone brings
about reduced penetration of kiln atmosphere to inspec-
tion tunnel)

- adjustment of firing curve
(1f temperature in some parts of the kiln is higher
than necessary, its reduction brings about lower losses
by conduc.tion of brickwork)

- adjustment of entrance and exit air locks, etc.

quality improvement and reject decreasing is accomplished
usually by:

- firing curve optimization

- temperature equalization in the cross-section
(by the use of mixing fans, by pressure curve adjustment,
by setting optimization etc.)
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output increase can be realized by:

- optimization of setting
(with optimal heat transfer to and from fired material)
~

- temperature equalization in the cross-section of the
unit, firing curve optimization
(it enables in some cases to shorten firing cycle and
thus increase the output)

Substitution of fuel used

Detailed knowledge of material thermal treatwment gai-
ned by diagnostic measurement enables successfui substitu-
tion of the fuel, together with the second measurement,
serving for optimal adjustment of the unit, firing a new
fuel.

Indirect contributions

Besides direct contributions an indirect profit can
be gained by diagnostic measurements. Detailed technical
information about heat consuming unit serves as the basis
for:
= constructional improvements
= decision about the stage of modenization
- recommendations on waste heat utilization

(utilization of heat escaping from cooling zone, by com-
bustion products, etc.)

Contributions, gained by realized recommendations:
a) optimization of firing curve

Firing curve being changed as recommended, the reject
occurence was reduced from 6 8% to 4. 1t and thus the daily
output increased from 3834 m to 3945 m .

b) energy conservation

The surplus of heated air from cooling zone was used
in the entrance air lock. Increased output of the exit
air lock improved the cooling of fired material at the
end of the kiln.
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These two changes brought about energy conservation
3
122 kW which represents gas conservation 729 m per day,
h ]
i. e. about 250 000 m annually.

Financially expressed, the daily reject reduction
11 n’ represents about 550 US dollars, i. e. about 200 000
dollars annually. Energy conservation 250 000 n, of gas
represents about 75 000 US dollars annually. -

1.8 'Portable energy kit

The portable energy kit is a special form of auditing
means. It is designed to measure all necessary variables
for energy audits with minimum requirements on the trans-
port of instruments. The complete set is easily transpor-
table by air, weighing 60-70 kg brutto and being packed
in 3-4 separate cases. The idea of a portable ecnergy audit-
ing kit resulted mainly from the need of energy audits in
developing countries where some (especially small-scale)
industries are not equipped with sufficient instrumentation.
An ordinary pick-up or even a car can be used for local trans-
port of the kit from plant to plant.

The portable energy auditing kit was designed by the
UNIDO-Czechoslovakia Joint Programme for International
Co-operation, Non-metallic Industries i» Pilsen, exploiting also the

experience of the Research Institute for Ceramics, Refraccories and

Non-metallic Raw Materials in Pilsen. It is described in the following

paragraphs.

Fossible composition of energy kit instrumentation
and suppliers

A. Temperature me surements Supplier (producer)
~ Flexible thermocouples Oesterr. Philips Industrie
NiCr-Ni (8 pcs) Ges mbH, Triester Str. 64

Postfach 217
A - 1107 Vienna, Austria
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- Recorder Philips Transocomp.
with accessories

- Thermocouples PtRh 10-Pt
(length 1,600 mi - 4 pcs)P

- Compensating lead wires NiCr-Ni
(4 x 150 m)®

- Compensating lead wires
PtRh 10-Pt (4 x 150 m)®

Same

Same

W.C. Heraeus GmbH
Herausstr. 12-14
D - 6450 Hanau

Federal Republic
of Germany

a) The specification of equipment in this annex is only
mentioned by way of illustration and does not constitute an

endorsement of specific suppliers or equipment

b) These items of equipment should be supplied by the
counterpart after negotiations on the measurement conditions.

They arzs not very portable.

- Digital pocket thermometer
Therm 2220 - 3 and 2 probes

- Digital pocket thermometer
Therm 2222 - 2 incl. probes

- Infrared thermometer
"Thermopoint”

Ahlborn Mess und
Regelungstechnik
Eichenfeldstr. 1-3
Postfach 1260

D - 8150 Holzkirchen
Federal Republic of
Germany

AGA Infrared Systems
S - 18211 Danderyd
Sweden

Pressure and volume flow measurements

- Electronic micromanometer EDM
2,500 M with accessories

- Pitot s tube
(D = 10 mm, 17,500 mm)

AIRFLOW

Lufttechnik GmbH

Postfach 1208

D - 5308 Rheinbach

Federal Repuklic of Germany
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- Anemometer Testovent 4000

C.

incl. 2 probes

Moisture measurements

- Digital hygrometer TESTO 6400
with 2 probes
(for gases and solids)

D.

Chemical analyses of gases

Electronic analyzer for CO,
with set of filters and cera-
mic tubes

Fuel Efficiency Monitor .

Computing technique

Programmible calculator
Sharp PC 1401

Printer sSharp CE-126 P

Casette recorder Sharp CE-152

Auxiliary material

Special literature
Set of tools
Protective aids

Same

Supplier (producer)

TESTOTERM GmbH

Gebler gasse 94
A - 1170 Vienna
Austria

VEB Junkalor

Altener Str. 43 -

45 Dessau

German Democratic Republic

Neotronics Ltd.
Parsonage Road
Takeley

Bishop s Stortford
Herts CM 226 PU
United Kingdom

- REMA Commerz

Handelsges. m.b.H
Computer Organization
MOlkergasse 4

A - 1080 Vienna
Austria

Total cost of above instruments is about § US 35,000.




8. ENERGY BUS OF THE FACULTY OF ELECTRICAL ENGINEERING OF THE UNIVERSITY
OF ZAGREB (CASE STUDY II)

8.1 General Description

The energy bus program was started at the Faculty of Electrical
Engineering as part of a complex energy conservation program for the
Department of Energy of Croatia, in the year 1985. The goals of the program
were:

- to develop and equip an energy bus capable of supporting energy

auditing in any industry,

-~ to form an energy team - : team of intesrlisciplinary specialists
(electsical, mechanical, civil engineers, economists, designers) -
who chould offer technical and financial consultancy services to the
industry, and work with the energy bus,

- to promote public awareness, research and training and efficient
energy use.

The concept of the energy bus reflects the above-mentioned goals. The
energy bus is equipped for doing energy auditing in thermal and electrical
industrial energy systems. The main icea during the design phase was to
provide all necessary instrumentation for the measurement of the main flows
and preparation of global energy balance. Special attention was also paid to
energy monitoring and control systems which are an important link in the
energy supply - demand chain in a factory. All the equipment is portable, and
the current composition of the energy bus equipment is adjusted to the type of

industry being visited.
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The role of the energy bus was not just to carry around the
instrumentation and the creswi, but to promote efficient energy use as well.
That was the reason why the vehicle itself was chosen to be an attractive one,
and the special logo was designed (Fig. 37).

The promotion of the energy bus was organized through a one day seminar
in a hotel and the energy bus was in operation measuring the energy
consumption of that hotel. Newspapers and TV also made notices of the energy
bus, its purposes and possibilities. All this was organized to promote the
energy bus ite 1f, and generally the energy efficiency, too.

Another role of the Energy bus was to serve as a mobile training
center. For that purpose it is equipped with portable TV, video recorder,
camcoder, set of video cassettes and other teaching tools. The video
cassettes cover all aspects of energy use in factories and they are
particularly suitable for training the operating personnel for efficient
energy use in various parts of the energetical and technological processes.
This role of the energy bus is also very important since it makes the people
aware of possible ways for energy savings, and prepares them to work with and

operate improved and new equipment and p.ocesses.

8.2 Instrumentation '

The instrumentation of the energy bus is generally similar to that
described in Chapter 7, so it will not be repeated here. Some differences
only occur at the instrumentation for energy auditing of electricity

consumption and data acquisition system. That will be mentioned here.
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Fig. 37 Energy Bus of the Faculty of Electrical Engineering of the
University of Zagreb.
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8.2.1 Measurements of electricity consumption

A brief description of efficient electricity use is given in Appendix
I. The main quantities are active and reactive power. If the measurements
are made continuously, then a load diagras can also be constructed. The load
diagram is important if the peak load saving and reactive power compensation
are the conversion measures to be taken. In such a case, besides the total .
load diagram, it is also important to obtain the data about the pattern of
electricity consumption of various equipment and devices, e.g. motors,
furnaces, lighting. etc.

This requires a simultaneous measurement of electricity consumption of
selected single consumers as well as the total electricity demand. Another
requirement is not to interrupt the operation of the equipment because of
comnections or disconnections of the measurements.

Bearing that in mind, a special measuring and data acquisition system
has been developed (Fig. 38), which meets the following requirements:

1. it does not interfere with the regular operation of the facility

under consideration,

2. it provides simultaneous measurement of active and reactive power,

3. it provides simultaneous measurement of total electricity demand,

and consumption of selected single consumers,

4. through a standard serial commmication channel (RS 232) it can be

connected to a computer for storing the data,
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U 1rs232

Fig. 38 A scheme of the electricity consumption measurement in an

industrial facility.

The total active and reactive energy consumption is b- the existing kwh
and kVAr meters which are always installed in any factory. If the meters are
of electronic type, then the read-out is made by the fotocell based device and
if the meters are of impulse type, then adequate counters are attached.

The measurement of the consumption of a single user is made by the
means of a clip transformer with the appropriate output signal which is fed
together with voltage data to the microprocessor - based device. Voltage and
current signals are compared there, and the angle between them is
calculated. All that information is sent to the computer through a serial
channel (RS 232). Once the data on voltage, current and angle are available

in the computer, calculation of active and reactive pover can be done easily.
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8.2.2 Data acquisition system

The data acquisition system is of modular and distributed processing
design.

Modularity means that it consists of various modules which can be
combined according to the needs for energy auditing. One module represents
an 8 channel system for electricity consumption measurement as shows in Fig.
38. If it is necessary to measure more than 8 channels, two or more modules
can be applied. The other module is for standard 0-20 mA signals which are
the usual outputs from the transducers. The next module is suitable for
signals from thermocouples, etc.

A microprocessor unit can be attached to any module and it takes care
of data conversion from all the inputs, and data transmission to the main
computer. Because of the modular and distributed design it is possible to do
very complex measurements in large industries with a lot of measuring points.
The practica) limit of the system is 1024 simultaneous measuring points.

An example of the data acquisition system configuration is given in

Fig. 39.




- 141 -

HOST COMPUTER
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Fig. 39 An example of data acquisition system conf.guration
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The host computer is an IBM AT with the following characteristics:

80286 INTEL processor

80287 meth coprocessor

EGA graphics card

640 kB RAM

1,5 MB extended RAM

40 MB hard disk

1,2 MB floppy disk

360 kB floppy disk

colour monitor and mouse

EPSON FX-100 printer

- 4 commmnication channels RS 232

2 parallel commmication channels

- 1 IEEE communication channels

There is also a software package for initialization of the data
acquisition system. The initialization means telling the computer how many
modules there are, what are the measuring quantities and corresponding
constant factors, what are the time intervals between successive measurements,

how many quantities will be measured and stored.

8.3 Energy auditing in buildings - a practical example

Modern public and commercial buildings are important energy consumers.
All year long they consume great emounts of thermal and electrical energy for
heating or cooling, ventilation, lighting, etc. (Fig. 40).

In such a variety of energy needs a lot of opportunities exis! for more
efficient energy use. There are data (OECD sources) that the energy

consumption in the commercial building was 600-800 kWs/mp before appiying
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energy conservation measures, and 250-330 k“h/lz' after. It means that energy

saving up to 60X is possible. That is the reason why energy auditing in

buildings was chosen as a case study.

ELECTRICITY
SUPPLY

POSITIVE
IMPACTS

HEAT
SUPPLY

Sia_y | LIGHTNMG

ELECTRICITY
NEEDS

NEGATIVE 1
IMPACTS ?Iznce_s's t

AUTUMN

Fig. 40 Building energy needs during a year.
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In this case study a practical example of energy auditing in the
buildings of the Faculty of Electrical Engineering is shown. The buildings’
profile is as shown in Fig. 41. Offices and small laboratories are in
building "C”, heavy laboratories and large lecture halls are in building "B",

and small lecture rooms are in building "A".

BULDING C
13 FLOORS

BUILDING A
& FLOORS

BUILDING B

Fig. 41 The profile of the audited buildings .
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The electricity supply is from the owm 10 kV substation, and the heat
supply from the district heating system.

The energy bill was comparatively high against the other expenses, SO
the Faculty management decided to start an energy conservation project. A
very detailed measurement and an analysis of energy consumption were
undertaken in order to get a clear picture of the buildings energy behaviour
+ Some of the results will’ be described in the following text.

8.3.1 Energy auditing of electricity consumption

Firstly, a brief survey of electricity bills was done. It was Tound
that the average yearly consumption was around 350.000 kwh, and that the
monthly peak load was varying between 120-190 kW. The charge of the peak ioad
was more than 65% of the total electricity bill. That wes the first
indication that it might be worth to do a closer examination of the
electricity consumption and to consider a kind of peak load control. It was
also found that the reactive energy consumption was very high. That caused
unnecessary high addition to the electricity bill.

Secondly, a survey of the main electric loads was undertaken. They

consist of:

electric motors for heating and ventilation systems,

(installed power P; = 45 KW)

lighting

- elevators

laboratory equipment being used for teaching

After that a measurement plan was prepared. In the preparation of the
measurement plan, the following guidelines were taken into account:

- purpose of measurement

- foreseeabie retrofitting actions

- constraints for implementation.
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The above-mentioned items are explained below:

Purpose of measurement. Before starting a measurement it is always
necessary to know what is expected to be found out by the measurement. The
intention was to find out what is the load diagram for active and reactive
energy, what is the pattern of the pesk load, and what is the contribution of
some load categories to the peak load.

Foreseeable retrofitting actions. Such a purpose of measurement as
described may require unnecessary complex measurements as a consequence. That
is the reason why it is advisable %¢0 have in mind possible retrofitting
actions prior to starting the measurement, then one can concentrate on
measuring those details which will or will not justify the predictions. 1In
this case study, it was foreseen that the peak load control might be feasible,
and that the reactive power compensation had to be done.

Constraints for implementation. After recognizing the possible

retrofitting actions, the constraints of facility under consideration have to
be taken into account. Namely, any kind of energy conservation measure must
not disturb regular activities or production. If the peak load control is
considered, it means that such electrical loads have to be identified, the
interruptible operation of which will not disturb regular activities. In this
study case it meant that elevators, laboratory equipment, lighting, etc.,
could not be included intc the peak load control scheme. So, theire was no
reason to include them into the measurement plan either.

After such consideration, the following characteristics were measured:

total active energy consumption

total reactive energy consumption

peak load

load diagram of electric motor for heating and ventilation .




For research purposes these measurements were done all year long, but
. otherwise it is not necessary. What will be sufficient in most cases is
several days of measurement in the heating season and several out of it.

The following diagrams show the results.
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Fig. 42 Yearly active energy consumption




Fig. 43

Fig. 44
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It is obvious from Fig. 43 that the reactive power consumption is too high.
The reason for that is a large mmber of electric motors and flu lamps which
have a low power factor (cos\f). The flu lamps have cosf = 0,5 and the
motors mf: 0,7 - 0,9.

To lower the cost for reactive power, it is necessary to compensate
excessive inductive power consumption by introducing capacitors. The

relationship between active and reactive power is showm on Fig. 45.

Q. = inductive power prior compensation

Q. = necessary capacitive power for compensation

Ts
e

power angle prior to compensation

pover angle after compensation

Fig. 45 The triangle of active (P), reactive (Q) and apparent (S)

power
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Q. can be calculated as follows:

Qc=P(t8‘P1-t8 f2!=
P (tg (arc cos "Pl)—tg(arcoos‘fz))

But for a proper sizing of the compensating capacitors it is also

necessary to take into account operating time T:

Wq - W tg (arc cos ‘Fz)

Hq and W are, respectively, reactive and active power consumed in a
given period.

After the installation of the compensating devices, the yearly reactive
energy consumption become as shown on Fig. 46. The payback period of that

investment was less than 7 months.

3_‘_55 kvAh
2 B

1 4

_t_'—JH._g’—:f"—‘ — .

¥ ¥ ¥ ¥V v 7
1 2 3 ¢ 5 6 7 8 10 1112 month

Fig. 46 Yearly reactive energy consumption after the retrofit measure
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From the peak load measurement it was found that the average peak load
in the interval 8 AM - 6 PM was 103 kW with standard deviation (J = 12 kw.
The maximum peak load appeared only several times per month and it lasted less
than half an hour per day.

The maximm allowable peak load was calculated as
Pm:Pm,-i»Sdz 103 + 36 = 140 kW

To keep the peak load on that level, it was necessary to introduce a
kind of peak load control scheme and to select the electrical loads which
could be controlled.

In that case the only candidates available were electric motors from
heating and ventilating systems.

But, the peak load control requirements must not disturb the regular
function of the system being controlled. It means that the heating and
ventilating system must maintain appropriate environmental conditions in the
lecture rooms even though the peak load control is applied.

The additional measurements were done in order to check the influence
of the heating system’s interruptible operation on the environmental
condition. It was found out that the building characteristics enable such an
operation of heating system without serious changes in environmental
conditions.

So, it was decided to apply the peak load control by the control of
electric motors from the heating and ventilating system. Since the motor’s
switching equipment wus already suitable for remote control, it did not
require too much work to connect them to the control system (Fig. 17}, so the

investment was moderate. They pay back period for that measure wac lese than

one year,.
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Fig. 47 Connecting an electric motor to the peak load control system

8.3.2 Energy auditing of heating system

The Faculty buildings are supplied by heat (hot water) from the
district heating system. The monthly bill consists of the cost of heat power
and the cost for heat energy. The heat power is calculated according to the
buildings® shell characteristics as a single maximusm heat demand, which can
appear during the heating season - in this case 2.59 M. The heat energy was
estimated, not measured, to be around 46000 Mwh/year. The cont.r'-a'ct with the
heat supplier was also made that way , so the payment was made according to
the estimated consumption. The buildings, together with the heating system
are more than 25 years old. They were made in the time of cheap oi! when

nobody paid too much attention io the energy consumpt.ion and energy cost.




As a consequence one had:
- high cost for heating energy

- poor environmental conditions during winter,
particularly cold windy days.

So, the purpose of auditing was:

- to find out if it is profitable to change the contract with the
heat supplier, e.g. to install the heat meter and pay according
to the real, not estimated, consumption;

- to find vut the reason for poor envirommental conditions.

Heat demand depends on building shell characteristics, weather
conditions and environmental requirements.

Firstly, the heat losses through the elements of the buildinz shell
were calculated as well as the heat gains according to the average climate
conditions in the heating season, and it was learned that the heat power was
2.1 MW (2.59 MW was mentioned in the contract).

Secondly, it was decided to measure the environmental conditions in the
buildings during the whole heating season. Thermometers were installed on
each floor of building "C” (13 floors) and in thc representative rooms in
buildings "A" and "B”. The temperature of the supplied hot water from the

district heating system was also measured and the temperature of the cold

return water as well, (Fig. 48).
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Fig. 48 The scheme of temperature measurement

The wind direction and velocity, and the outside temperature were
registered, too. All these measurements were recorded each day during the

whole heating season, four times a day.




Here are the findings:

in the cold and cloudy weather, no wind, the average temperature
was as required, and more or less the same in all the measured
parts of the buildings,

in the cold and sunny weather, the tomperature was considerably
higher in the rooms facing south due to passive solar heat gain,
in the sudden rise of outside temperature the heating system did
not respond properly, so the inside temperature became too high,
the start and stop of the heating system operatior was not
adjusted to the working schedule in the buildings,

in the windy days, the temperature in all the rooms was below the
acceptable limits, the deviations being more severe with the
rising wind velocity. The temperature fall was even more drastic
in the rooms facing north (below 15° C). At the same time, the

temperature of the supplied hot water was in the required range.

It vas suspected that the main causes for the bad environmental

conditions in the windy days were the windows. Therefore, additional

measurements in one room facing north was made in order to find the heat loss

due to infiltration and natural ventilation.
A special divice was installed on the room door to make an

underpressure of 50 Pa in the room (Fig. 49).
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Fig. 49 Measurement of infiltration losses in a room

'lheroonvoltnewasV=70-3arﬂtheairflourateQ=600m3/h. It
gives an 8,6 air exchange per hour, while the upper allowvable limit according
to standard is 2.

Due to such excessive infiltration losses, the heat losses were 120
W/m3.

After that one window, and then both were sealed on the spot. That gave
5,03 and 3.4 air exchange per hour, respectively.

The gained results proved the initial suspicion that the main cause for
the bad environmental conditions in the cold and windy days were the poor
windows.

The recommendations were to seal and fix every second window, since a
change of the windows would cost too much. It was also recomuended to change
the con:ract with the heat supplier, to install a heat meter, and to introduce
more sophisticated control of the heating system.

The recommendations were accepted and they resulted in a 50% reduced
heat energy bill in the next heating season. The payback period was less than

six months.
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Energy Management in Industrial Plants

Energy management in industrial plants is characte-

rized by some or all of the following activities:

Industrial Energy Management

Non-traditional and simplified technologies and raw mate-
rials with lowered energy demand

Thermal process optimization, limitting firing conditions
and optimum unit outputs

Energy audits of industrial plants

Thermal equipment modernization including insulation
Waste heat utilization

Motivation of kiln service, standardization

Climate conditions

Industrial Energy Management

As it has been already mentioned the world energy
situation calls for an efficient solution that will extend
the life of energy sources in the future, enable the de-
velopment of new types of energy and ehsure further deve-

lopment of industrialization in various countries.

The problem of energy may be classified into three

areas

- natural energy sources
- energy producing industry
- consumption areas

Ensuring the energy sources either from country’s
own deposits or by importing them it is the subject of
activity of a government control and planning authori-
ties and it is a part of an entire energy policy of each
country. The capacities and construction of the energy
producing industry securing the generation of consump-

tion types of energy are the principal part of tihe
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national economy control and planning both from the ca-

pacity and development point of view.

The entire consumption area of fuels and energy can
be divided between the industry and the other sections
(transport, agriculture, population etc.) approximately
in similar shares. The consumption of energy by other
sections is given by the living standard and after it
reaches an optimum stage it does not change substantially

anymore.

The industry keeps a foremost position in the energy
consumption. The present energy consumptionis derived
from its capacities, technical level of the equipment
and its control proper; the prospective one then from
its further development, rationalization and application
of the scientific and research results in tae entire pro-

duction cycle.

Therefore, the industrial sphere is the main field of
activity that should reach an optimum stage in the ener-
gy cdnsumption through the complex control system of
energy consumption whereby the entire all-country balan-
ce in energy should be improved or, to enable further
expansion of the industry, by energy economization, as

the case may be.

The principle of management

The complex control system of fuel and energy con-
sumption in the industry aims at reaching optimization of
production capacities and thermal processes under the
condition of minimum energy consumption. Each indust-
rial branch is of a different nature given by the tech-
nological process, Therefore, the consumption control
system can be most properly applied within the individual
industrial branches so that it should act effectively
and completely. Despite that the principle of this system

is common for all branches.
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Establishment of a team organization is the basis
of an energy consumption control system (Fig 49). such
a team organization should ensure all the research and
technical activity in the principal areas aimed at the
energy consuming equipment and should elaborate finally
a complex rationalization programme based on the rese-
arch results, analyses of the consuming equipment and on

the optimation considerations.

man-ying
teanm
research production investment
| |
complex

programme

innovation

rationalization

Fig. 3. Team Organization

Managing team

It consists of organization workers and specialists
shown hereinafter (Fig. 51 ). The main activity of the
specialized groups is first of all to elaborate a pro-
gramme of research and diagnostic work in the indivi-
dual areas, gathering of the results and processing all

the s marized materials and giving proposals for solution.
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team leader

consulting managing
board board

banaging team

I , ]

technglogical energetical Ieconomical
team team

Fig. 531. Managing Team

The results of the individual sectional works should
be compiled into the proposals for solution, consulted
in the consulting board and submitted to the managing
board. The managing board then takes into consideration
the results obtained from the technological, enercy and
economical teams, summarizes the appropriate proposal and
takes a decision on incorporating the proposal into the
complex programme including the determination of time
and extent.

Research area

Research and development form a very important area
which, when aimed at reducing the energy consumption,
plays a vital role in the development of a particular
branch. The programmes of the tasks specified by the ma-
naging team and solved by the research are classified
into two parts - the technological and thermal ones cover
the following principal problems: (Fig, 387
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| _ i 1
— technology thermal environmental
processes engineering
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Eer energy consumpt. limit conditions
— raw materials L intensification
|| preparation and || capacity and technolo-

processing gical optimization

] finishing || secondary heat sources

—] new types of units

— heating systems

! linings and insulation

Fig. 52. Pesearch Organization

4~ Standardization

The research tasks may be, as partial ones, aimed
at the solution of some contemporary problem in the pro-
duction to reach more effective production by means of
a reconstruction, changes in technology or by an optima-
tion of the process. Mostly, however, they are aimed at a
future innovation programme through which more distinct
energy effects should be achieved.

Production area

The energy in the production sphere is first of all
focused to2> a complex diagnostics of the present condition
to a detiil determination of production conditions and
corresponding energy consumption. The specialized teams
then work out the initial documents based on the data

having been so found out i. e. types of encray, specific




consumption and the existing energy standards {or each
unit. They serve as a basis for the elaboration of a plan
and materialization of all types of rationalization actions.
For the scheme of the activities see Fig.52 :

production
i
[ | 1 1
, . __] electrical other
technology heat units devices devices
. technological] . non-productio
— raw material . ? — .
' T 4 diagnostics heat units consumption
treatment balance — i i
diagnostics servosystems lighting
~{moulding — preparation
finishing ] production
|| transport
manipulation
Fig. 33. Production Area Activities

Investment area

Plans of the investment developemnt in every branch
are derived from the needs of inner market as well as from
the ekport possibility. They secure an innovation programme
both for individual pieces of production equipment and by
a construction of new workshops or factories. The activi-
ty of the energy consumption managing team has a double

form in the investment stage. Knowing the existing concdition
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of he production equipment and the results of the rese-
arch and development the managing team is capable of pas-
sing a judgement on any intended investment from the ener-
gy requirements point of view whether the energy consump-
tion will comply with the intentions determined by the
complex rationalization programme. It is also possible to
judge the progressivity of every new. technological process
in comparison with the existing degree of the world tech-
nics.

The scheme of the activities within the investment

area is shown in Fig. 54 :

investment

| | |

. building of
technology ] machinery _{jgantg
new methods — capacity | arrangement
| optimization
non—-traditional energy L1 production
materials consumption enerqgy
energy heat || non-production
consumption consumption energy
| | fuel exchange

Fig. 54.

Investment Area Activities

Complex rationalization programme

Research, technical and production basic documents
from the foregoing stages are coming to the managing team

where they are processed carefully.

The diagnostics of the production spherc of & branch

cnables to get an overall picture of the existing staote
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and how the energy consumption is distributed factory wise,
production lines wise down to the individual machines
and equipment wise. It also gives data on capacities and

technology.

The research and developrent render the basic infor-
mation of the present development in the world. The research
and development activity in its tasks is to solve new tech-
nologies and thermal units applicable in the innovation
actions or in the construction of new production lines and

plants.

Investment plans and intentions enable to judge further
expansion of a branch from the point of view uf new tech-
nology, sales and, first of all, of the required energy

sources and their efficient exploitation.

The managing team elaborates all alternatives of the
technical and economical solutions based on these expensive
bases -and evaluates them economically. The result of it
are completely realistic ways of modernization that shouléd
secure lower demands for energy. Several solutions on dif-
ferent levels are made for a certain problem. The follo-
wing alternatives e. g. are elaborated to reduce energy
consumpticn in the firing process of bricks in a tunnel
kiln: change in the raw material composition, change in
the positiohing of bricks on the tunnel cars, optimization
of the thermal curve and of the heating system, intensi-
fication of the heating, even reconstruction of the unit
if necessary, utilization of waste heat and even replace-
ment by a completely new equipment as the case may be.

It is a matter of course that several ways may be materi-
alized simultaneously. It is upon the ecorumists and the
managing team to decide the time schedule and extent of

the whole rationalization action.

The individual stages of these actions may be classi-

fied into:
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optimization of 15t grade
optimizaion of an grade

and innovation

The optimization of the ISt grade covers all technolo-
gical and thermal changes in the existing state that,
according to the diagnosis results, contributé to achie-
ving an optimum process without any substantial modifi-
cations.

The optimization of the an

gy of lower energy demands, reconstruction of heating

grade covers new technolo-

systems, utilization of waste heat, intensification of

processes etc.

The innovation represents the highest grade and is
connected with the implementation of new technologies,
change in fuel types, construction of new equipment etc.

Final complex raticnalization programme for fuels

and energy within a specified branch represents then a
set of individual actions being documented technically
in details, supported economically and compiled inio an
accurate time schedule of materialization. It results
then in a conclusive programme of progressive reduction
of fuel and energy consumption which begin: “~er the
diagnosis of the existing conditions and their optimization
and ends by the innovation actions. The character of this
principle of consumption control is a general one and when
worked out for the conditions prevailing in a certain
branch it may include specific changes. Nevertheless,

it is the only way how to solve progressive reduction
of energy consumption in the industry completely starting
from the present conditions up to realistic prospects.
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2. Non-traditional and simplified technologies and raw

materials with lowered energy demand

The most important technologies, in connection with
energdy and material conservation, are those with lowered
energy demands. The energy and material conservation in
the production can be achieved by a complex of measures
the most significant of which are as follows:

2.1 Non—-traditional technologies and raw materials applied

in the composition which not only lower the energy requi-
rements but also the material costs. The heat consumption
can be lowered by up to 35% depending on industrial sec-
tors.

2.2 Simplification of production technology characterized by

single firing processes, the heat energy savings reach up
to 60%. The simplification can also be reached by the
connection of severél operations in a continuous flow,
such as the iron and steel industry as well as glass

industry.

2.3 Production and application of non-fired products with

different ceramic, hydraulic, organic or chemical bonds.
The energy savings up to 65% can be reached. These pro-
ducts can be shaped or unshaped. The cold hardening met-
hods are becoming very useful in different industries.

2.4 Minimization of heat treated ingredients in different

body compositions of products enabling the energy savings
of about 15% of- the total.

2.5 Use of proper insulations in the kilns and driers

Application of ceramic fibres in the periodical kilns
brings the heat energy savings up to 35% while in the
tunnel kilns of about 5% to 10% of the total consump-
tion. Properly insulated driers, specially those which
operate continuously, lower energy consumption in eall

industries.
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2.6 Lowering material requirements

for the deficite ones

b) application of opague or partly opaque glazes on tile

products to balance the influence of cheap raw mate-
rials in the body

c) lowering of rejects by proper technological develop-

ment and strict technological process control

d) product dimensions and mass kept in minus tolerances

e) mass_reduction of products according to their func-

tional requirements

f) optimization of kiln output according to the minimum

specific energy consumption

g) reduction or elimination of auxiliary material con-

ééggsggg during the whole production process. The
most important material for heat savings is the kiln
f rniture which can even more than double the heat
specific consumption for the ceramic product if no
care is kept.

h) application_of green_and_fired_rejects as the secon-

dary raw material into the manufacturing processes
leads to the low-waste technologies.

2.7 Application of progressive production operations

a) pressure casting into non-gypsum molds saves up to

70% from the costs of molds and their drying, up to
50% of the roof-up area and 10-20% of mand?acturing

costs per 1 piece.

b) Dry pressing of dinnerware by isostatic pressing

saves the elactric energy by about 35% and the heat
energy by about 5% of the total.
c) shaping of refractories chemically bonded by vibration.
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2.8 Increasing of the useful technical and aesthetic para-

meters of materials and the choice of optimal product
type for the respective application.

2.9 Dimensional accuracy which eliminates additional repairs

of dimensions according to the market requirements

3. Thermal Process Optimization

To reach the optimum heat conumption during the firing

process, two factors are to be analyzed:

a) Limiting firing conditions of the products, which depend
on different structural changes of the blend during
their heat treatment, such as loss of chemical water,
decomposition of kaolinite, crystallographic changes
of silica modification, changes of alumina structure,
etc. Many of those changes must be respected during
drying and firing to avoid any damage to the products.
(See the following diagrams 1 and 2). The other products
require controlled cooling in order to regulate the

speed of growing and size of crystals. The shortest
heat treatment which respects all technological requi-
rements is called the limitting treatment with the lo-
west possible heat conéumption. Each drier's or kiln’'s
output shows an optimum 0Of energy consumption since
overloading of the kilns will waste the energy as well
as the partly loaded driers and kilns increase the spe-

cific heat consumption very much. (Fig, «! )




- 169 -

SPECIFIC ENERGY CONSUMPTION —

fe e o o - -

OUTPUT OF KILN %% — 100
Fig. 53,

4. Energy Audits of Industrial Plants

The diagnostic measurement provides the team of experts
with objective and detailed data about thermal unit opera-
tion. The sets of values obtained under common working
conditions being completed with the information about tech-
nological parameters of the production unit and fuel consu-
med are evaluated in energy conservation study. This study
agrees with the user of the heat consuming unit as an indis-
pensable basis for his further technical, operational and
organizational measures and steps to reach advisable energy
savings, piroduction intensification, improvement in the qua-
lity of products and reduction of rejects occurence. These
contributions can be ensured either by the improvement of

product thermal treatment or by reduction of energy losses.
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There are two types of diagnostic measurements, either
focused to the technological process optimization or to the
energy conservation. Nevertheless the complex measurements,
e. g. combination of technological and energetical types
of measurement are most advisable for thepurpose of energy
management. The complex measurement provide the team of
experts with complete information about the unit. Thus
they can prepare to the user of the heat consuming unit
the objective and complex statement and draft all suitable
and recommendable adjustments and chahges which are to be

realized for perfect and effective service of the unit.

Regardless of the type of measurement (energetical
or technological) the activities performed during the

measurement comprise the three fundamental stages:

~ statement of thermal unnit operation conditions, perfor-

mance of objective tests and functional measurements
- evaluation of tests and measurements

- working out propecsals for technical, energetical and
operational and organizational arrangements or recomren-

dation on heat balance or reconstruction purposes,

Put into practice the arrangements may lead to one

(or more) of four main contributions:

energy conservation

- quality improvement and reject decreasing of product
manufactured through the improvement of thermal techno-
logical conditions

- output increase of the heat consuming unit

- substitution of fuel used by another one
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S. Thermal equipment modernization including insulation

Thermal equipment modernization means a step in which
a capital input is already necessary. Therefore, the mo-
dernization is to be considered in two different levels:

a) Partial modernization which is usually realized accor-

ding to a feasibility study. It covers, for example,

the change of burners, increasing the cooling capacity,
installation of mixing fans to the preheating zone, etc.
The increased efficiency of the kiln will cover the costs

spent on the partial modernization.

b) Complex innovation of the unit which requires high in-

vestments and, therefore, this step is applied when the
increased output is requested and it must be based on

a feasibility study. The traditional lining is replaced
by new insulating materials; the kiln can be extended,
the attoomated regulation applied, etc.

6. Waste heat utilization

Waste heat is the heat rejected from the thermal process
at the temperature high enough above the ambient tempera-~
ture to permit the extraction and utilization of additi-
onal vaiué from it. Usual sources of waste heat are com-
bustion gases, air from the cooling zones of kilns and
driers outlet. Such heat is utilized either directly or
indirectly, tranferred in a heat exchanger.

The attempts to exploit waste heat quantitatively
leads to the cases that outlets from different driers,
boilers and kilns with lower enthalpy is being exploited.
It is therefore that low temperature heat exchangers are
developed which enable the service to operate with com-
bustion gzses of relatively low temperatures. Many such
cases occur in the food, chemical and building materials

industries., Since these temperatures are usually already
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below the dew point, attention is to be paid to diffe-

rent problems of corrosion.

However, different feasibility studies made show
that period of the return of total capital invested
is usually not higher than one to the three years.

Motivation of the kiln service, standardization

Economic motivation of the persons, who can affect
the energy consumption of any energy consuming unit, is
a very important issue. These people are influencing the
energy conﬁumption as they directly manage the operation
of the unit, they apply their services non-stop, they
release immediate decisions on the regulation and ope-
ration and, finally, they are responsible for the out-
puts and quality produced. Therefore, they are the first
who can play the role in energy conservation, if properly

motivated.

To be able to apply economic motivation on energy
unit servicing people, it is necessary to know the stan-
dardized conditions of the unit, i. e. the standard
energy consumption in the connection with the output.
The standard energy consumption is derived from energy
auditings, analysis of results achieved and established
consuming and manufacturing standards for the unit.

If the servicing people prove that they take care
on the operation, if they apply positive measures for
energy conservation by keeping jointly the products qua-

‘lity for their attempts, they receive bonnusses which

are only fragments for the total benefit of an indust-
rial plant. If the servicing people do not care on the
operation of the energy unit, they are punished gradually

according to the weakness of their discipline.
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Practical examples show that any industrial activity
and energy conservation depends on the economic stimula-
tion of the servicing persons and on the introduction of
proper standards .of energy consumption. In such a way
considerable energy saving can be achieved up to 10% from

total depending on the type of industrial activities.

Climate conditions

Climate conditions which differ according to the
geographical location influence the energy consumption
of an industrial plant in both ways, in the technologi-
cal energy consumption as well as in the overheads ener-

gy consumption.

The manufacturing technology must respect the tempe-
rature, pressure and relative moisture content of the
air additionally, those countries with intensive sun ra-
diation exploit the solar energy either directly for
drying or preheating different raw materials and semi-
products or indirectly by converting the solar energy
into the inc:eaéed enthalpy of different liquids and
gases, which is then exploited in the manufacturing pro-

cess.

Overhead energy is called that energy which must be
spent in order to enable the operation of an industrial
plant during all the year. Overhead energy is the energy
which is spent for heating, illumination and air condi-
tioning. Meanwhile some of the Middle European indust-
rial plants show the overhead energy to be between 10
to 16% from total energy consumption, it can be expec-
ted that plants located in more northern altitude will
need higher proportions meanwhile southern location will

lower the consumption of the overhead energy needed.
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i1V. Final Note

-esented paper "Energy Auditing of Industrial Plants"”
brings the introduction into the problems of energy mana-
gement from the view of the energy auditing, which is one
of the most important measures for energy conservation.
After the general introduction, the theory and practice of
energy auditing is discussed. As the energy auditing of
industrial plants always is associated with the technology,
main energy management steps are analyzed as the guidance

for energy conservation in the industrial plants.

A1l foregoing chapters, however, are related to the
energy auditing as the Volume I, which is associated mostly
to the general purposes, measuring tecaniques and theoretical
aspects as well as to the general guidelines for factories
energy equipment. Volume II will analyze the problems of
energy auditing of selected industrial plants and Volume
III will present several practical case studies, which will
comprehensively describe positive results from energy au-

diting already reached in the different industrial plants.

The extent of this paper, exceeding the original pro-
gramme, is necessary in order to show to the reader the
more important possibilities for energy conservation as the

guidance for its technological application.
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SLECTRIC ENERGY SUPPLY SYSTEMS

1. EFFICIENT ELECTRICITY USE

Avout 30% of all conventional energy rescurces in the world are today
transformed into electric energy (hydropower plants are not comprised here).
With such a trend, that percentage is estimated to increase to 40-50% in 2000.
The improvement of the performance level in conventiocnal plants (thermal and nuclear)
plants) has a significant impact on the whole power supply industry. The efficiency
factor in those plants is expected to increase from today's 30-35% to 40-45%,
not counting the production in combined production. Nevertheless, the total
efficiency, if forecast Participation of elec.:ic energy is realized, will
decline from the present 78% to about 70% in 2000, which increases the importance

of electric energy consumption rationalization.

Apart from the production losses in the electric energy travelling from the
source to the consumer, there are also losses in transmission and distribution.
The efficiency factor in those plants ranges today from 90 to 92%. Due to
economic and ecological reasons, a significant efficiency increase is not expected

in future.

However, in addition to already r2ntioned losses, there are losses with the
consumers themselves as well. An electromotive drive and lighting with standard
bulbs are taken as an example. 1f we consider the relation between useful work
and the primary source energetic value, we can see that the saved amount of kWh

saved fuel 1in the power plant (electromotive drive) to 20 kWh (light source).

While we cannot individually influence the production and tranemiccicon
significantly, we can do that for sure in the domaine of consumption. As industry
consumes 60 - 70 % of the total electric energy production and has relatively
great load density, it should be the first candidate for testing the possibilities
of savings. The fieids in which we should reach for the possibilities for mcre

efficient electric energy use will be indicated in continuation,
1.  TERM DEFINITIONS

This chapter will be used to define the most commor general terms in the

analysis of efficiency, as either rechnical or economic parameters.
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EFFICIENCY - the term efficiency can be defined in twc senses. In the sense

of the fi-st law of thermodynamics, the efficiency is defined as:
eta = energy out / energy in

while in the sense of the second law of thermodynamics it is defined as:
epsilon = exergy out / exergy in

The efficiency of the sense of the second law presents system or equipment
performances compared to the optimal (ideal) feasible performance, where epsilon

max. = 1 and epsilon )eta.

MAXIMAL DEMAND (peak load) (kW) - is the maximum average loading through 15 minutes
in the period of higher day tariff.

TARIFF SYSTEM - represents the policy of energy use. Most commonly there are two
seasons (winter or higher and summer or lower) and two daily tariffs (day or higher

and night or lower).

ACTIVE ENERGY DEMAND (kWh) - is measured energy demand through a certain period

(usually one month).

REACTIVE ENERGY DEMAND {kVArh) - is measured reactive energy demand through a
certain period. A part of the demand is free of charge (most commonly representing

1/3 of active energy demand).

SPECIF1IC PRICE OF ENERGY - is an economical parameter used for objective evaluation
compared with the same or a similar activity or as a test of implemented measures

in the efficient energy use, where
c = total cost of energy ($) / tctal demand (kWh)

SPECiFIC ENERGY CONSUMPTION - is an economical parameter used for compared evaluation,

where

s = total energy demand / production output (m3, kg, pcs.)

PAYBACK PERIOD (PBP) - is defined as

PBP = total investment / (total savings : annual operating cost)
PAYBACK RATE - is defined as

PR = (total savings - annual operating cost - amortizaticn) / total investment.
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2. CONTROL OF INDUSTRIAL PLANT ELECTRIC POWER SYSTEM

More careful management of an industrial power system can itself lead to
considerable savings. The basic and the simplest, though yet too often neglected
principle of management is: "if you do not need it, turn it off'. Such a measure

does not require any investment but only better care of employees.

Related to electric energy management from the perspective of the end-user
and tariff system, two techniques are being applied today: peak load control and

reactive energy compensation.

2.1 Peak load control

Following the basic tariff system regulations, we should also take account
of tne load factor. The load factor may be defined as a relation between the consumed
energy within an observed period and the energy which would be taken over by a
consumer with continuous use of peak load. In other words, the lower peak load,
the lower average price cf electric energy to be paid by the consumer. Consequently,
our aim should be to control production so that the needed energy is ccnsumed with
as litrle power engaged as possible. The modern technology offers a few different
solutions for production ceontrol, starting from simple time and photoelectric
relays, through devices for control and restrictions, to the modern process computer.
Each single case should be considered when a decision is tc be made for one of

those solutions.

Such sclutions require certain initial investments, but depending on the
electric energy consumpticn and the load diagram form, the investments return
within 1 - 3 years. Where there are extremely big peak loads, a decision could
be considered for setting an independent power unit to cover peak load, which can
also serve as a spare feed source. Peak load control does not represent any
problem generally, especially rnct in industrial plants wherc relatively big unit
capacities are instalied which are not in operation countinuously. A delay for
a brief period to switch them on does not generally disturb the technological

process (Ex. compressors, heating, etc.).
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2.2 Reactive energy compensation or power factor correction

The next tariff policy element on the basis of wnich electric consumption
is paid are excessive quantities of reactive energy taken over. Power factor -
the active-apparent power ratio - is used as the parameter. Most commonly, the
average power factor value within the acccunting period should be 0.95 or greater.
It the average power facior within the accounting period is less than 0.95 the
difference up to 0.95 should be paid. 1t can be more simply explained with the
active-reactive energy ration and it is said that reactive energy is taken over in

excess if it excceds 1/3 of active energv consumption.

An economic analysis can prove that instead of taking over reactive power
from power syszem, it should be produced in one's own plant. Owing to good price
performance, the capacitors are used to produce reactive power. The capacitors
can be installed either centrally (in the point of taking power) or in dislocation,
with the consumers themselves. Capacitor power is calculated on the basis of the
expected or measured consumption and the expected time ol use, or, if regulation is

planned, on the basis of the expected peak reactive power.

With the use of power factar correction transmission losses are reduced,
voltage conditions are improved and it is also helpful for the power supplying

utilities.

Payback period for the power factor correction investment is 0.7 to 2 years.
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Il. LOSSES IN ELECTRICAL ENERGY SUPPLY SYSTEMS

Inaustrial enterprises are faced with a wide variety of energetic probleas,

some of which are related to the use and conservation of electric energy.

Thus, the electric energy used within an industrial enterprises can be
separated in electric energy used directly in the industria! process and
electric erergy transformed into heat or other forms of energy. In the following
we shall deal only with the first category ot electric energy usage, the second

case being dealt within non-electric energy agents sub-systems.

Within this first consumption category, the main energy loss-generating

elements are:

- electrical power transorferms;
- electrical distribution networks;

- electrical driving motors.

1. Electrical Power Transformers

The most important problem concerning the economical operation of power
transformers as well as the main source of savings in this field within an
existing connection diagram is the accurate selection of,operating conditions
based upon determination of the load level at which a certain number of
transformers (parallel connection) must operate. In this respect, the transfomer

power losses are determined as follows:
- active power losses:

DPer

S .2
DPfe + DPsc x (§E)
where:
DPtr - transfomer active power losses;
DPfe - no-load running test active power losses (catalogue supplied);

DPsc - rated load short-circuit test active power losses
(catalogue sugplied);

S ~ transformer loading apparent power (computed, or measured);

Sn - transformer rated apparent power.




- 180 -

The transformer loading apparent power at a given moment (the moment of

measurement) is given by:

s= {3xuxl
where:
U - phase voltage;
1 - phase current.
- reactive power losses:
DQer = ane/ + DQsc x (--S-)2
Sn
pDQfe - no-load reaccive power losses that can be determined with
sufficient accuracy as:
DQfe = 12 x Sn
100
where:
1o - no load curreat [%] (catalogue supplied)
DQsc - rated load short-circuit test reactive power losses that can
be determined with sufficient accuracy as:
Usc
DQSC—T(—)E)XSYI
where:
Usc - rated load short-circuit test voltage (¢atalogue supplied)

- active energy losses can be obtained by multiplying the active power losses

by the operating time:

DWtr =

where:

tm -

DPfe x t + DPsc x [(ga)2 x tm]

the time interval during which is considered that the transformer
operated (with the apparent load S or no-load).

the time interval during which is considered that the transformer
opevated with the apparent load S.
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A practical determination method of transformer losses is one based
upon the energy consumption in a characteristic day. 1t is known that in
most enterprises of machine building industry the load is enough stable around
a steady value which is typical for a week day. A day during which the load
reaches its maximum can be Wednesday or Thursday. Thus, the transformer losses
can be expressed depending on a medium load current computed from the energy
supplied during a manufacturing shift as:

DPsc

DPfe x t + 8 x N (Iml2 + lm22 + oesee + lmnz)
In

Dwz

where:
DWz - active energy daily loss;

In transformer current at the rated apparent power obtained as:

where Sn and Un are catalogue supplied data;

Imi - average current during the manufacture shift i computed as:

Imi = % L
{-3_. U.cos'fi
where:
Wi - supplied active energy during the manufacturing
shift i {kwh];
v - load voltage [V];
cos fi - average power factor during the manufacturing shift i.

The values of Wi can be easily obtained from existing active energy counters
mounted on the load, or from adequate combinations of counter indexes if the

counter i is no* unique.

The active and reactive power losses and the active and reactive energy
losses respectively, vary with related load and in this respect the economical

operating conditions must be determined.

In order to cut-down on transformer active energy losses, in principle,
in the cases of pair operating transformers, one of them can be disconnected

during low-load hours.
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Industrial transformation stations generally have one or two operating
transformers that supply the departments - technological process. For reason
of security, the industrial station transformers operate on low - voltage bars

separated by longitudinal coupling devices.

Taking into account the risks determined by frequently operating some low
and wmedium voltage devices, the switching on and off transformers operating in

industrial enterprises must be carefully analysed.

Generally speaking, it can be said that for two transformers with rated
power varying between 400 - 1600 KVA, the 30%Z iocad for a manufacturing shift can
determine whether the switching-off of a transformer (in a pair) can be taken

into account, with respect to active power losses cut-down.

The cases with more than two transformers are not taken into account here,
owing to the structure of the plant network diagrams that do not usually employ

such solutions.

2. Electrical Distribution Network

For the large majority of cases, the electrical distribution networks

characteristic for the industrial energetic systems arc of a radial type.

The problem of the economical operation at industréal distribution networks
consists in selecting a certain configuarion at the level of department -

technological process supply, that should lead to low active electric power losses.

The losses within an industrial distribution network for the general case
of three-phase a.c. voltage are determined with the following relation:

2 2 cf
DEe = 3 x Kf" x Im" x R1 x 1006 [Kwh]

where:

DEe - energy losses during time cf;

Kf - shape factor of the line current time variation function;
Imp
KE= 1m
Im - average value of line measured current {A]:

‘m:( 110120 l,}q .,..ln)
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n - number of equal intervals during which current reading
is performed;
Imp - square average value of line measured current [A]:
|8 2 + 1 2 + 1 2 + ... ln2
oo - 2 '3
™ = u
1i - current value measured at the half-way of interval “i° [A];
Rl - line phase-equivalent resistance [ohm] determined as:
Rl =Rs x L
where:
Rs - cable specific resistance [ohm/km]
L - cable length [km]

The transformation stations and main panels of the wanufacturing departments
are customarily supplied by means of two parallel cables. 1In most cases one of

the cables is the reserve and is not loaded.

An important economical step related to network losses consists of setting
under load the supply cable reserves. Thus, assuming that the resistance of the
reserve cable is equal to that of the main cable (an assumption valid for the
large majority of cases) when the cables are set in parallel, the power losses
given by:

DP = 3 xR x 12

when the resistance is reduced to half value, while the 3ame ioad is maintained

become:

- R 2 0} 2
DP-3X§X1 =—2-

Taking into account the loss values in low and medium voltage industrial

networks, this measure is imperative.

Special attention must be given to cutting-down active electric power losses

through improvement of reactive power flow in industrial networks.

In an 1ndustrial enterprise the main receivers that consume reactive power
are: asynchronous motors, electric-arc furnances, welding transformers, induction

furnances, synchronous under-excited machines, gas discharge lamps, etc.

When the reactive power is not generated as close as possible (electrizally
speaking) to the consumer site, a series of negative effects occurs, influencing

the entire power generating, transporation and distribution chain, namely:
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_  increase of power and active energy losses as a result of reactive
power circulation from power stations Lo consumers;

- reduced active power loading possibilities for the electric power
generating, transport and distribution equipment, therefore the

need of eversized it;

- large voltage variation and therefore voltage control difficulties;
- increase of permanent short-circuit current;

_ reactive energy payment.

The assurance of a low reactive power input leads to a rational use of

all the generating, transportation and distribution equipment.

Power input is characterized by the power factor which in a sine condition

is given by the relation:

P
cos:f el -
> 2 2
P" +Q
where:
P - active power
Q - reactive power
S - apparent power.

As the power is time variable, the above relation is difficult to apply,
an average value being used in practice. The average power factor for a T time

period is defined through the following expression:

W
cos jl = emmmem a -
Uaz + Wrz
Wa - active energy for period T
Wr - reactive energy for period T

Even {f the result is not obtained through actual averaging (integration
and averaging on the T interval of the P/$ ratio) the value thus obtained is

very close to the real one.

iIn practice, several reactive power input cut-down steps can be taken

without resorting to power factor compensation equipment:
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- adoption of low reactive power input technological diagrams;

-~ operation of synchronous motors at the maximum limit of reactive
power generating capacity;

- observance of asynchronous motor repair quality level, especially
as to what regards air-gap maintenance;

- replacement of asynchronous motors by synchronous ones in case of
certain drives (compressors, pumps, fans);

- replacement of low-loaded motors with lower-power motsrs (in case
of motors operating with an under 40% of nominal load are to be replaced
without any other technical and economical calculations, those operating
between 40 - 70% can be replaced after an adequate technical and economical
analysis; .

- no-load limiters installation on asynchronous motors, welding transformers
and other discontinuous operating devices;

- parallel operation of power transformers according to the minimum loss charc.

Whenever the case requires the adequate reactive power compensation, by means
of adequate equipment will be taken into consideration. This will be performed
as close as possible to the consumer in order to minimize the active energy
losses due to reactive power circulation. A solution that could be taken into
consideration is that of individual compensation at certain significant reactive

power consumers.

3. Electrical Driving Motors

Electric driving motors have a great importance within power consumption
in industrial systems, especially within the engineering machine industry. Thus,
a large part of electric energy losses are due to motor losses, consiting of

copper and iron losses.
Copper losses can be computed according to the expressions:
active power:

DPcuy = 3 x Kf2 X Im2 X Re

energy corresponing to a Tf operating period:

DWcu = DPcu x Tf
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where:
Kf - shape factor, for the previous relations can be taken
Kt = 1.01 with a good approximation;
lm - current measured under normal operating conditions;
Re - the equivalent resistance of the motor, is taken into

consideration:
Re = Rind for c.c. motors;
Re = Ri (stator resistance) for synchronous motors;

Re = Rl + R2° for asynchronous motors with collector
rings for which:

Rl = stator resistance;

R2°= stator related rotor resistance determined with
the expression:

U
R.” = R, x (0,98 -2 )2
2 2 U,i
2
where:
R2 - stator resistance;
Ul - stator line voltage;

U2i - rotor ring line voltage, measured under
blocked rotor and open circuit conditions;

Iron losses are determined individually for asynchronous motors with collector

rings and for the other electric motors:

- for asynchronous motors with collector rings, iron losses are determined
with the use of a wattmeter (wattmetric clamp) or of an active energy
counter and an amperemeter (ammetric clamp) mounted in the supply circuit,
ard are given by the following relation:

DPfe = Prd - 3 Ird2 x R1

the energy for a Tf interval, respectively:
DWfe = DPfe x Tf,

in the above relations:

Prd - power absorbed by the motor with an open rotor circuit]
Ird - stator current with open rotor circuit;

R1 - stator resistance,
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- for the other motors, the iron and mechnical losses are determined

together, as they are difficult to separate:

DP(fe+mec) = 3 x Rl x 102

the energy for a Tf interval, respectively:

DN(fe+mec) = DP(fe+mec) x Tt

where:
Po - no-load power;
Io - no-load current;
Rl - equivalent resistance.

For c.c. motors, as the iron losses are very small, the previous relations
actually represent mechnical losses.
The mechanical losses into asynchronous motors with collector rings are
given by:
DPmec = Po - Prd + 3 x Ird2 x Rl - 3 x 102 x (R1 + R27)

the energy losses for a Tf time interval are given by:
DWmec = DPmec x T¢

As to what concerns the determination of active energy losses for various
types of motors, the difficulty of determining the equivalent resistance must be
underlined. This is especially so in the case of asynchronous without collector
rings, where their computation relations imply a knowledge of starting input

power, a power difficult to observe and measure with the usual equipment.

Taking into account the stated above we tried to replace these calculations
with two other computed data:
- the energetic and technological efficiency of an electrical driving;

- the load factor of an electric motor.

The energetic ard technological efficiency is a concept which take irto
account ail data about the energy included in a final product during a manufacturing

cycle, or during all transforming steps of a raw material into a f:nal product.
g g P P

Thus, one defines the efficiency of an electric driving as:

Ps x ts - Po’ x ts x 100
€l3d = mmccecmccccmm e — -

Pg x ts + Po x to
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where:
Ps - lcad power;
Po” - no-load power with the driving mechanism coupled;
Pa - no-lcad power without the driving mechanism;
ts - load operating time;
to - tctal no-load operating time.

This relation can be extended for the cases of electric drivings that have
mcre than one characteristic load interval (during which vhe load power is constant)
by replacement of:

- Ps - with a sumof Psi (i =1 ... c, where n is the number
of characteristic load intervals);

-ts - with a sum o0f tsi in the same conditions.

The terms in this relation are easily definable by simple measurements.
By using the same measured data it is easy to compute the load factor of the
motor as:

Po x to x Ps x ts

i N (TN T I

Beth results are useful in the anaiysis of electrical drivings dimensions
and efficiency as well as in the analysis of the energy use from the technological

point of view (intersectoral approach).

4. Measuring Means and Methods

Energy diagnosis of electric power consumers implies a sufficiencly accurate
determination of the parameters that, at a given moment, characterize the state

and operation of the elements under observation.

It is recommended that the measurement of electric parameters be performed
with non-destructive measuring methods that ensure the absence of a limit to a
minimum interference with the continuous and/or normal operation of elements under
observation. 1In this respect, it is recommended that current, active and reactive
power and power factor measurements be performed with the use of adequate clamp
probes and/or measuring equipment. Current reducers should be used only if striccly

necessary.

In case such instruments that of 2r the possibility of convenient, fast and
accurate measurements are not availalbe, it is recommended to adopt measuring
merhods that fall within the same requirements of non-destructive measurements.

Such measurements cun also be performed with classical wattmetric kits.
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As a general consideration concerning an electric energy auditing session,
experience hzs proven that diagnosis mezsurements must cover a period cf at least
three working days, so that operating intervals with different changes car be
ircloded and the measurement and data processing results be truly relevant. It has
been demonstrated that larger periods improve the accuracy of the determinations,
but the difference of error is not importamt, while fcr shorter periods statistical

error become important.

Ir: order to improve both quality and speed of measured cata processing in
1.C.P.E. - Bucharest (Romania) it was developed computer programmes package which
performs both with electric and non-electric measured data, providing loss
computations, In the electric energy area the package ensures computing of

transformers as well as load factor for their electric motors.
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2. List of symbols

- temperature conductivity (mz.s-l)

- area {(m?)

- specific heat (kd.kg~ | or kJ.m;3.K-1 - for gases)

- coefficient of gravity (m.s-z)

- specific enthalpy (kJ.kg™ 1)
~ line current (A)

1 or kJ.mf3 - for gases)
- heat transfer coefficient (W.m—z.K-l)

- calorific value (kJ.kg

- length, thickness (m)

- height (m)

mass (kg)

- air excess coefficient ((1)
~ pressure (Pa)

- el. power (W)

2 1

- heat flux density (W.m “.K ')
1

- specific heat for evaporation (kJ.kg ')}
- gas constant (kJ.kmol-1.K-1)

- temperature (°C)

- temperature (K)

~ voltage between two lines (V)

cC ¥t W H O WO D EH M RXE A 0 >N
|

- voltage between line and neutral (V)

° i -1

v - velocity (m.s ')

v - mean velocity (m.s )

V - volume (m’)

w - humidity (kg.kg™')

x - moisture content (kg.kg-1)

§

Pr, Nu, Re, Fo, Gr - non-dimensional criteria
tmp -~ tons of fuel
Greek symbols:

o - heat transfer coefficient (W.m 2.K™')

/3 - volume expansion coefficient (K-1)

€ - emissivity coefficient (1)
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thermal conductivity coefficient (W.m_1.K—1)

1 1

M- dynamic viscosity (kg.m_
A%

.s ')
- cinematic viscosity (m’.s—1)
? - density (kg.m-3)
Yl (P - phase shift between AC-current and AC-voltage

(cos?’, cos¢5 - power factor)
@ - Stefan-Boltzmann constant

Subscripts:

a - air

C - combustion products (flue gas)

d - dry

dyn - dvnamic

g - gas

G - gross

H,0 - water

in - inlet

n - net

o - normal conditions (0°C, 101, 325 kPa)
out - outlet

p — constant pressure
t - theoretical

T - tar e

u - universal

w - surface of a wall
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