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The contents of this report are offered as guidance. RCG/Hagler, 
Bailly, Inc., EGI Contracting & Engineering, and the United States 
Agency for Jnt-ernational Development, and a11 technical sources 
referenced in this report do not (a) make any warranty or 
representation, express or implied, with respect to the accuracy, 
completeness, or usefulness of the information contained in t%s 
report, or that the use of any information, apparatus, method, or 
process disclosed in this report may not infringe upon privately 
owned rights; (b) assume any liabilities with respect to the use 
of, or for damages resulting from, any information, apparatus, 
method or process disclosed in this report. This report does not 
reflect official views or policies of the above named institutions. 
Mention of trade names or commercial products does not constitute 
endorsement or recommendation for exclusive use. 

The contents of this report include recommendations based on data 
provided by the client plant, measurements made on site, 
calculations, and engineering judgment. The conclusions reached 
were based on a limited engagement of only about one week's 
duration in the plant, and not an exhaustive engineering analysis. 
RCG/Hagler, Bailly, Inc. certifies that this report conforms to the 
level of best commercial practice for industrial energy audits of 
similar level of effort, as conducted in the United States. This 
report has been prepared under the guidance of a registered 
Professional Engineer, licensed to practice in the United States. 
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The assistance of the bakery personnel in the conduct of this brief 
audit study is much appreciated. In particular, we wish to 
ac::nowledge the major participation of Mr. Peczek, the Energy 
Manager, and Mr Gabor, Bakery Manager, in providing information and 

. 
guiding us around the bakery. The help of Mr Gidofalvi should also be 
mentioned: his enthusiastic work in checking combustion conditions on 
ovens and boilers was most welcome. Finally, we wish to thank 
Mr Gyula Kasa, Technical Director, for his interest. 



ACTIVITIEB 

The bakery trust operates 47 plants, although 80 percent of 
production is concentrated in just four large bakeries. One of these, 
at Szazados Street, was visited for a short energy audit. This bakery 
produces bread, rolls and pasta: in 1990, total production was 24,300 
tonnes. The bakery employs 430 persons. 

ENERGY USE 

The total energy used in 1990 was as follows: 

Energy Costs 
Basic units GJ % *Thou. Ft % -----..--.---- .-ow.- --"-- -.----- ----- 

Electricity 2,017,600 kW 7263 6.2 9886 19.5 
Natural gas 3,231,000 Nm 109854 93.8 40808 80.5 ----.- --.-- ------- ----- 

117117 100.0 50694 100.0 

The costs shown are based on 1991 price levels (figures used were 
12.63 ~ t / r n ~  and 4.9 Ft/kWh) . 
The total steam production in 1990 was about 38250 tonnes, of which 
7710 tonnes were sold and 30540 tonnes used in the bakery itself. 
About 60 percent of the steam is used for production related 
activities and 40 percent for wsocialw purposes such as space heating 
and hot water. 

The overall energy consumption is calculated as 4.8 GJ/tonne. Energy 
costs represent about 8.5 percent of the total product selling price. 

Data on production and energy ara collected daily and reported 
monthly. However, in the absence of sufficient metering, many of the 
figure8 ara estimatad or based on fixed allocationa. Much of the data 
is therefore not u8aful for energy managemant but is an accountilig 
exercisa. 

With raspact to tho data, thosa could be prasontad in a bettar format 
than currently, preferably with data sida by side in columns. this 
would allow easier comparison of perfornranca and maka discrepancies 
in tha figuras mora obvious. Tha data should a180 show key ratios 
such as fuel consumption par tonna of braad producad. - 
Tha bakary has thrao boilarm with a capacity of about 3 tonnes/hour 
(and on. of 1.7 t/h on standby). Boilar faad wator coma8 partly from 
raturnad condansata and tha ramaindar is city watar. A check of 
combustion condition8 ahowad Boilar 11 to ba wall adjustad but Boiler 
111 oparating with too much axcas8 air (75 3 ) .  Lo8sa8 from boilers by 
radiation and convaction from tho outsida aurfacas ara low. 

I 

, \ 



There are 8 .ovens available, a11 of the same general design with a 
single burner on the top, a circulating fan for hot gases, and the 
dough carried through the oven on a travelling wire mesh. Tests of 
combustion conditions showed vey high excess air levels, from 90 
percent at the lowest to a nore typical 300 percent. Attempts at 
adjusting the air rates had limited success: safety shutdowns on the 
ovens appear to be set for excessively conservative margins. 

The temperatures of stack gases from the ovens are quite high (around 
2 6 0 - 2 8 0  deg C) and present an opportunity for heat recovery. The 
economics of preheating combustion air are being checked: initial 
estimates of payback suggested about 3 years, which is not highly 
attractive. 

Hot water for social uses, for space heating and for the pasta lines 
is produced at a heat centre. There appears to be insufficient 
control of radiators and the space heating system deserves detailed 
analysis. 

A brief check of the plant electrical loads was made. There may be an 
opportunity for small savings to be made by delaying some equipment 
start ups to the off peak period. 

The main recommendations concerning energy management and data are to 
improve the format and content of routine reports, to monitor energy 
related performance more closely and to install additional meters. 
Similar energy monitoring systems should be set up in all the 
bakeries and comparisons of energy efficiency made across the plants. 
Some instruments should be purchased to assist the plant in checking 
selected parameters (TDS meter, steam trap tester, electricity load 
survey meter). 

With respect to the boilers, combustion shou,ld be checked regularly 
(say once per week) and appropriate adjustments made. Boiler water 
quality should be maintained at under 3500 ppm TDS by adjusting the 
blowdown. Some improvements in insulation of warm water lines can be 
made around the water feed pumps. 

Combustion conditions on the ovens need attention. The best burners 
available in stock should be installed on all ovens and the old 
burners left in store for spares. Air rates should be adjusted to the 
lowest excess air levels, and safety interlocks examined and reset if 
possible to permit more efficient operation. 

The co!~ts and benefits of heat recovery options from oven stack gases 
should be examined carefully: costs are baing determined for burners 
able to utilise hot air and for suitable heat exchangers. 

A detailed survey of the Ic;pace heating system should be made next 
heating season and efforts madm to simplify the system control, 
preferably by using inside temperature as a control parameter. 



Initial estimates of the savings potentials for various measures are 
given in the Exhibit. Ths total savings achievable through these 
relatively simple measures amount to about 6 percent of the current 
energy bill. 

RECOMMENDED EQUIPMENT PURCHASES 

Recommended equipment purchases are: 

US dollars 
(1) Purchase of instruments -- electrical system survey instrument 6000 -- sonic steam trap tester 1300 -- TDS meter 300 

Total 7600 

All the above instruments could be utilised at the other 46 
bakeries and thus the potential benefits are substantial. 

(2) Purchase of low excess air burner for demonstration, say $ 5000 

(3) Purchase of heat recovery system for preheating combustion air, 
say $ 8200. 



ESTIMATEB OF POTENTIAL 8AVING8 

Item Cost Savings Payback 
months ....................... ----------- ...................... ------- 

(1) Energy management and 
data -- reports, monit- 
oring, extra meters, inter- 
bakery cc~parisons -- -- -- 

traps per year, leakage 
5 kg/hr, 6000 hr/yr 
300,000 Ft/y = $ 4100 -------------------------------.----------------------------.-------- 

(3) TDS meter $ 300 -. -- 
(4) Electricity survey 

instrument $ 6000 Say 5 O of elec. use 18.0 
shifted to off peak 
290,000 Ft/y = $ 4000 

(5) Combustion control (use the Say 5 Z of gas use -- 
on ovens and existing 2,00~0,001) Ft/y = 
boilers instrument) $ 27400 

~ ~ ~ o ~ ~ ~ ~ ~ ~ ~ - - - - o o - . ~ ~ ~ ~ - ~ o - - ~ o ~ ~ . ~ ~ ~ ~ ~ ~ ~ ~ o o ~ ~ ~ - - - - - - - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - ~ ~  

(6) Insulate warm water 
lines ow go < 12 

~ ~ ~ ~ ~ o ~ ~ ~ o ~ - - - - - o ~ ~ ~ ~ ~ ~ - - - - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ ~ " ~ . ~ - o - o o ~ - - - - ~ ~ ~ ~ ~ ~ - ~ - ~ ~ ~ ~  

(7) Replace oven 200,000 Ft Say 10 Z of avg 20 ~ m ~ / h  19.0 
burner with low or $ 3000 (5000 h/yr) 
excess air design 122,000 Ft/yr = $ 1680 

- - ~ o - ~ ~ ~ - ~ ~ o - - - o ~ ~ ~ ~ ~ ~ ~ - - - - - ~ - - - o ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ - - - - - - - - - - - - - - - - - - - - - - -  

(8) Add .heat recovery 600,000 Ft Further 15 Z of gas 39.0 
for air preheat or $ 8200 use 

180,OOG Ft/yr - $ 2500 
------~~-~~-~------~o~oo---o---------~~~~~~~~~----~o---------o-o.---o 

Total8 $ 18,800 $ 390690 5.7 



1 INTRODUC'rrZQN TO THE PLANT 

1.1 Plant Acti~iti~s 

The bakery trust operates 47 plants but some are quite small and can 
be classed as tltraditionaltt bakeries. About 80 percent of production 
is now concentrated in 4 large plants: one of these, at Szazados 
Street, was visited briefly from April 18 to 22, 1991 for a short 
energy audit. The bakery employs 430 persons. 

The bakery produces bread, rolls and pasta in a wide variety of 
shapes. Flour is brought to the bakery and stored in several silos 
and transferred pneumatically to the mixing sections. The main 
production facilities consist of 8 large gas fired ovens for baking 
bread and rolls. In addition, there are two lines for pasta (both of 
which were shut down during our visit), four boilers for making 
medium pressure steam, and a heat centre for producing hot water. 

The energy sources for the bakery are natural gas and electricity. 
The gas is used in the ovens and boilers: steam is used in the ovens, 
to make hot water (for use in the bakery and for space heating) , for 
a small section of the space heating system, and for selling to a 
nearby bakery. Electricity is of course used throughout the bakery, 
especially for mixing and kneading dough. 

In 1990, zhe bakery produced an average of almost 2000 tonnes of 
bread and other products each month. The total production for the 
year was 24,334 tonnes. 

The total energy used in 1990 was as follows: 

Energy Costs 
Basic units GJ 8 Thou.Ft % ----.-..------ -.---. -0.0. ------o ----- 

Electricity 2,017,600 k 7263 6 2 9886 19.5 
Natural gas 3,231,000 Nm ' 109854 93.8 40808 80.5 -.--.- ..-ow ---w--- ----- 

117117 100.0 50694 100.0 

The costs shown are based on 1991 price levels (figures used were 
12.63 ~ t / m )  and 4.9 Ftj)r:Wh). 

Tho total staam production in 1990 was about 38250 tonnes, of which 
7710 tonnas war. sold and 30540 tonnar urad in the bakery itself. 
About 60 percent of th8 steam is usad for production related 
activities and 40 parcent for Nsocialm purposos such as space heating 
and hot water. 

Production in 1990 was reported as follows: 

Pasta 1356 tonnos 
Strudol pastry 381 
Braad, rolls 22597 

-ow- . )  

24334 



Overall, the.;energy consumption is calculated to be 4.8 GJ/tonne: the 
consumption for bread is reported by the plant. to be about 3 G J / ~ .  

m Lnergy costs represent about 8.5 percent of the total product selling 
price. 

2.1 Enargy Hanagamant 

Energy has Decome a greater proportion of ~roduction costs in the 
last few months and there is concern about how energy use may be 
reduced. Data on production and energy are collected daily and 
reported monthly. However, in the absence of adequate metering, many 
of the figures are estimated or based on fixed allocations (based on 
historical experience). This means that much of the data relati~g to 
thermal energy is of little or no use for energy management, but is 
simply used as an accounting exercise. Data provided for 1990 are 
presented in Appendix A. 

Metering in the bakery is as follows: 

Natural gas 
total to the bakery only (amounts to ovens' 
and boilers not metered separately) 

Steam 
steam sold 
steam to baking section 101 
steam to sections 100/102, space heating, etc. 
total steam produced from boilerhouse 

Electricity 
meters generally available 

The lock of gas and steam meters was discussed and th43 plant said 
that there were no suitable meters manufactured in Hungary. However, 
it was pointed out that simpla and inexpensive orifica~ plate meters 
were quite suitable for monitoring gas and steam flow@ within the 
bakary and these should ba installad, initially on tha gas lines to 
meter separately tha gar usad by the baking operations (2 meters, to 
section 101 and to section 102) and that usad by tho boilers. Steam 
matars should also ba installad to allow propar monitoring of steam 
used by all major production cantras and tho haat centra (hot water 
and spaca heating uras). Thraa staam matars should ba installed at 
the boilarhouaa to allow individual boiler productions to be 
maasurad. 

It is recommandad that gas matars ba inrtallad avantually on each 
ovan to ailow a ragular chock of afficiancy to ba mad.. Indeed, this 
should be dona throughout tho bakary trust plants, so that 
comparisons of anargy productivity (GJ par tonna of product) for each 
ovan can bacoma a routin. activity. As thara appaars to be spare 
baking capacity in tha plants, managamant should ansura that only the 
moat afficiant ovanm ara usad to maat tha damand and that inefficient 
ovans ba usad only in camas of amargancy. Ovanr that arm saan to be 
significantly laam officiant than tha majority ahoulC ba investigated 
and thaiz parformanca improved if feasibla. 

C' 



With respect:to the data which were made available for 1990 (Appendix 
A), these could be presented in a better format than currently. It is 
recommended that the format for daily and monthly reporting be 
improved to show the key consumption and production data side by 
side. comparison of performance becomes much easier and discrepancies 
in figures are more obvious. In addition to basic consumption data, 
regular reports should show the values for important ratios, such as 
fuel consumption per tonne of bread produced. More comprehensive 
monitoring and calculation of more ratios is made easy if the entire 
system is put on a computer using a simple spreadsheet (e.g. Lotus 
123). 

As the metering in the plant is not adequate and some consunptions 
are based on historical ratios or allocations, some of the ratios 
presented in Appendix A can be considered estimates only. However, 
even bearing this in mind, there are some rather wide fluctuations in 
the figures. For exa~nple, electricity use in Sections 100 to 103 
fluctuate between wide limits: 

kwh per tonne Ratio of max. 
Minimum Maximum to min. 

Section 100 149.': 288.2 1.93 
101 29.7 47.3 1.59 
102 41.0 115 7 2.82 
103 469.6 607.6 1.29 

As natural gas use is allocated, not metered, and the steam 
consumptions are affected by energy used for space heating, we have 
not attempted any detailed analysis of the thermal energy. A brief 
review of electricity use was made however. A graph was drawn of 
total electricity consumption against total production. In ideal 
circumstances, this type of graph would typically be a straight line, 
such as that shown in Exhibit 2.1. The energy consumption can be 
divided into two parts, the energy which is clearly related to 
production and that which is essentially constant and has no obvious 
relationship to the level of production. These are shown in the 
exhibit. The v@fixadn energy is a function of items such as losses due 
to idle machinsry being left switched on, and "realw energy uses such 
as lighting. 

The data for the bakery for 1990 were plotted (Exhibit 2.2) and an 
attempt made to draw a straight lina. Most of the points are 
clustered togethor and therefor. the line cannot be considered 
reliable. Thoro is an indication that the fixed portion of 
electricity consumption is rather high for the bakery, perhaps 50 
percsnt of tho total electricity usa. Soma of this is undoubtedly 
electricity uaad to run the main oven&\, which is moro or less fixed 
irrespactive of the production. This cannot bo changed except by 
ensuring the machinos are not switched on unlaas absolutely necessary 
(that is,the warm up and cool down timas aro minimal) although this 
is likaly to have only a small effect. In addition, however, the dats 
do suggest wid. variations in total alactricity use (e.g. thu 
significant diffaranco of about 50 parcant batwaan points 2 and 11 
f!or amsantially tha ramr lava1 of production). 
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This brief analysis cannot be used to draw exact conclusions. Rather, 
it suggests that closer monitoring of energy use and production would 
be desirable and that efforts should be made in future to find the 
reasons for any wide variations of the type we have observed in the 
historical data. 

There are a ngmber of uses for steam in the bakery. Some steam is 
used for producing hot water for social ases and some is used for 
heating dough, for assisting the leavening, and for injecting as 0.4 
bar steam intc the entry of the main ovens to provide the correct 
humidity during the initial stages of the baking process. 

The bakery has three Lavatherm Model SLT-3 boilers installed in the 
central boilerhouse. These were made in Hungary around 1971 and are 
three-pass gas fired units. They produce 4 bar saturated steam at a 
rzite of about 3 tonnes/hour (although nominal capacity is 3.4 t/h) . 
The control system for the boilers is tied to the burner firing rate: 
the burners can be switched off, run on low fire, or on high fife. 
The gas rates on low and high fire are 175 and 350 Nm /h 
respectively. There is also one small boiler (capacity 1.7 t/h) which 
is used normally only as a standby. 

Steaiu from the bsilerhouse is either sold to a nearby bakery or sent 
to the main heat centre for reduction to 0.4 bar steam or for heating 
of water. Steam sales were about 3 t/h during nuch of our visit while 
the plant itself was consuming about 2 t/h. 

Boiler feed water comes partly from returned condensate and partly 
from city water. We were unable to check the wator quality ourselves 
as the equipment was being used at the Budafok paper plant. The TDS 
level of the boiler water, for example, is not determined every day 
and thus it appears the blowdown is not controlled on the basis of 
regular water testing for dissolvad solidm. Water quality is however 
monitored by the boiler oparators who check firstly the pH and 
secondly the hardnasa. It is tharefore recommended that the plant be 
supplied with a TDS matar and institute a regular programme of water - 
quality tasting for blowdown control. 

It is l@orth pointing out that many of tho f w d  water: lines in the 
system batwaan tho condensate tank, tha deaarator and the boilers are 
not inrrulatod. A thorough check of all linaa that aro supposed to 
contairr warm or hot water should bo mada and insulation improved 
where necsssary . 
A new water treatment system has recantly baen inmtalled: this is a 
magnetic davica that is supposed to altar the nature of the compounds 
in tha water and provant scaling on interior surfacoa of tha boiler. r 

It i8 too aarfy to say if this systam will work wall but initial 
indicat:iona are hopaful. 

Tarts of tho combuation condition. on tha boilera war8 mada using a 
stack gas analyrar brought to tho plant by tha audit team. 
Subaaquantly, it war dmcidad to uaa tho bakery'a own combustion gas 
analyaar which in a aimilar microprocosaor doaign with printer. , 



Oxygen Excess air CO 
% vol % 

00-00- ---------- PPm --- 
Boiler I1 3 
Boiler 111 9 

16 < 2 (at full load) 
75 1 (at high and low fire) 

It therefore appears that boiler I1 is well adjusted and is operating 
at fully acceptable excess air levels. Boiler I11 requires urgent 
attention and should be adjusted to match Boiler I1 performance as it 
is identical. 

A quick check of temperatures on the outer surfaces of the boilers 
showed that these were generally below 45 deg C. Heat loss through 
radiation and convection is therefore low, certainly under 1 percent 
of energy input. 

Stack temperatures were found to be in the range 160 to 190 deg C 
which LS also good. The overall combustion efficiency of these 
boilers is thus arounfi 79 to 83 percent. 

At present there are 8 ovens available at the bakery, the oldest 
being about 15 years old: there is one new oven under construction. 
The existing ovens are all of the same general design. Each has a 
single burner mounted on the top of the oven with a fan to circulate 
the combustion gases around the oven 'space. The gases are kept 
separate from the bread side of tha oven as no contact is allowed 
under Hungarian regulations. As the dough enters the oven, humidity 
is controlled by the injection of low pressure steam. The uncooked 
bread or rolls move through the oven on a travelling wire mesh. The 
bread side temperatures hava been checked by the plant to ensure that 
there is a minimum variation in temperature across the mesh. The 
highest bread side temperature was found to be about 280 deg C. 

Four of the ovens are large, and tws of theso were built under 
license from a Swiss designer. Theso ovens are generally used for 
bread. The other four are smaller and are used mainly for rolls. Not 
all the ovens arm oporatad xogularly as tho total capacity is 
significantly greator than current demand. 

Most of the burners were made by Hungarian manufacturers but even 
these poso probloma in obtaining spare parts. Tho large purners 
operate at two firing levols, with gar ratos of 18 and 30 Nm /h for 
low and high fir. rospectivaly. 

Tb,e interior construction of tha burnerr includos a disc perforated 
with many holes through which tho air i6 dirporeod. Wo noticed that a 
numbor of burners had drawn in significant quantities of flour and 
thoro is a danger that flour could block soma of tho holas, adversely 
affecting tho fuol/air mixing. Erosion of tho burnor interior parts 
could also occur. Tho air to tho burners should thorefore be kept 
claan. 

Variour torts woro conductod on tho ovonr. On on. of thm small ovens 
u8od for baking rolla, throa steam trap. woro chackad and one was 
found dofoctivo. It would bo uroful far tho plant to hava a sonic 
rtaam trap torting inatrumant to conduct routine chocks of all traps. . \b 



The insulation on the ovens appears to be in good condition. Most 
ovens are believed to have the insulation replaced every 5 years or 
so. A check of surface temperatures showed that these were rarely 
over 30 deg C and thus the heat loss is quite minimal. 

The burners are checked and adjusted four times a year. We therefore 
made spot checks of combustion conditions and found excessive amounts 
of oxygen in the combustion gases. For reasonably efficient 
combustion with natural gas fuel, we would expect to find 5 percent 
oxygen or less, and essentially no carbon monoxide, in the gases. We 
found the following values: 

Oxygen CO 
% vol ------ PPm --- 

Small oven/rolls -- low fire 16.9 4 -- low fire 14.3 17 
average 15.6 11 

-- high fire 12.6 7 -- high fire 10.1 44 
average 11.4 26 

Large ovenlbread -- low fire 15.9 25 -- low fire 16.8 21 -- low fire 17.8 29 -- low fire 17.8 31 -- low fire 17.8 27 
average 17.2 27 

-- high fire 13.7 23 -- high fire 11.8 25 - -  high fire 15.5 30 
average 13.7 26 

Oxygen levels of 16 or 17 percent indicate excess air rates of 300 or 
400 percent, well in excess of acceptable levels. Even 11 percent 
oxygen signifies excess air over 100 percent instead of the 30 
percent or less that should ba achieved. A 8  the ovens were in full 
production, we were unabla to make any significant adjustments to the 
air rates. Stack gas temperatures were in the range 240 to 260 deg C .  

We therefor. returnod to the plant to chack conditions on another of 
the large ovens on which we could attempt to obtain better air to 
fuel ratios. The results ware as follows; 

oxygen CO 
0 vol -.-.-- PPm 

0". 

Start of tests, as found 16.8 3 
14.8 9 
14.5 5 
13.4 7 
14 1 7 
13.6 6 

End of tests 13.4 7 

It provad imporaibla to reduce tha air rate as the burner safety 
interlock trippad am soon a8 air prassura at tha burner entry dropped \\' 
slightly. It warn imporaibla to bypams tha safaty machanism. At 13.4 ' 



percent oxygen, the excess air is still much too high at 175 percent. 
From our observations on the ovens, we suspect that all ovens are 
incorrectly set or are unable to run at a reasonably low excess air 
level, and thus combustion in the ovens is quite inefficient. 

This inefficiency is of course compounded by the typical operating 
cycle. On most days, the ovens are started up about 1600 hrs and warm 
up for 1 hour. They are then operated until say 0600 or 0700 hrs the 
next morning. Because the bread has to be delivered fresh to the 
shops by 0700 hrs every day, the plant says it cannot run fewer ovens 
at. high throughput for say 24 hours: some of the production would be 
made too early and customers might reject it. The plant believes 
there could be a fuel penalty of as much as 25 percent for running 
only 15 hours or so each day. 

During the time the oven is off, it obviously cools down and this 
represents a waste of energy. During our visit, we noticed many side 
doors and top vents left open on non-working ovens. This means even 
more cooling will take place and a longer warm up period will be 
nseded. Although the benefits may .be rather small, on principle the 
doors should be closed whenever possible. 

The bakery could save fuel by replacing the existing burners with a 
design that permits operation at low excess air rates. Savinqs by 
reducing the present excess air from say 300 percent to even 50 
percent should be at least 12 - 15 percent of current fuel use. 
The high stack temperatures on most ovens present an opportunity for 
heat recovery. The possibilities include recycling part of the stack 
gases into the combustion air, installing a heat exchanger to preheat 
combustion air, generating 0.4 bar steam fo:: use in the baking 
process itself, or using recovered heat for domestic water heating. - 
It is suggested that air preheating with a new heat exchanger be 
investigatrsd: price quotes for the necessary equipment are being r 

obtained. A comparison of the costs and benefits will be made to 
determine the payback period for the investment. 

2.4 Hain aaat contra 

This department takas the 4 bar saturated steam and produces hot 
water for social purposes and also hot water at 80 deg C for the 
pasta lines. Steam is let down to G . 4  bar for use in the baking 
ovens. The heat centre is also respon~sible for operating the plant 
space heating systam. This is controlled by time clocks which can be 
set to switch heating on or off, and thara is an exterior sensor 
which can adjust tho,circulating water temperature in accordance with 
the outside temperature. There is nc control of the system by 
tharmostat or sensor insida tho haatad mpacam. 

There appears to bo inaufficiant control. of radiators and several 
were found operating evan with ralatively mild outaida conditions and 
in areas of tha plant which were unoccupiad. Control of the existing 
system does appear rathar complicated and a careful review is 
recommanded with a view to simplifying tha control and perhaps to 
introducing direct mearuramont of the tamparatura of heated spaces as 
a control paramatar. 



The amount of energy used for space heating is not known with any 
precision and no attempt is made to relate space heating with degree 
days. 

The Esterline electrical load survey instrument was set up at the 
bakery over a weekend to monitor loads. Examples of the chart record 
are shown in ~ppendix C. 

The main electrical loads are the mixers far dough and the kneading 
machines, as can be seen in the charts. The load builds up as the 
flour and water mixture stiffens. Other loads such as the motor 
drives for the ovens are generally a steady contribution to the 
overall load. 

The cost of electricity for the peak and day times is the sane at 
about 5.7 Ft/kWh. The peak period is from 1600 to 2200 hours. The 
cost of off peak or night consumption is half, 2.8 Ft/kWh. 
Examination of the chart record suggests that there may be small 
opportunity for savings to be made by delaying the start of large 
mixing or kneading machines until after 2200 hrs if possible. The 
charts for both Friday and Sunday evening show that some machines 
were operated in the period 2100 to 2140 hrs and these. might have 
been operated after 2200 hrs to cut energy costs. 

Further detailed study of electrical loads and the times of operation 
of major energy consumers is needed to make a reasonable estimate of 
the potential cost snvixrgs, although these are likely to be quite 
small. 

The recommendations are an follows: 

(1) Improve tho format and content of ragular raports (a.g. to 
include more parformance ratioa) and bagin plotting energy - 
production graphs for both electricity and tharmal energy. Draw 
t h e m  graph8 for tha bakary as a whola and for individual 
departmanta if information is availabla. 

(2) Monitor energy ralatad parfonnanca and identify tho reasons for 
any major fluctuation8 in tha data. 

(3) For improved efficiency of data raporting and analysis, install 
tha data systam on a computar. 

(4) Install additional gas and steam matars (0.g. gas to the ovens, 
gas to the boilerhousa, gas to each oven, ga8 to each boiler, 
ataam from aach boilar, ataam to spaca haatinglhot water, etc.) 



(5) Set up similar comprehensive reporting systems in all bakeries 
and compare equipment efficiencies. Calculate the cost variations 
due to different energy performances and evaluate the cost 
effectiveness of equipment modernisation or replacement. Operate 
only the most efficient equipment when there is spare capacity 
available, if practical. It is understood that there are about 
100 ovens in the 47 plants operated by the bakery trust. 

(6) To assist in energy management, purchase some portable 
instruments such as a sonic steam trap tester, a meter for the 
determination of Total Dissolved Solids in water, and an 
electrical system survey meter. 

(1) Check boiler water regularly for TDS and maintain under 3500 ppm 
by adjusting the blowdown. 

(2) Check the combustion gases from the boilers regularly (at least 
once per week) and adjust the air to fuel ratio regularly to 
maintain the lowest possible excess air rates at all times. 

(3) Where consistently low air rates are not possible, repair or 
replace the burners or other relevant parts. 

(4) Survey the boiler feed water lines around the condensate tank, 
deaerator and feed pumps. Insulate lines carrying warm water. 

(5) Check all steam traps in the bakery: repair and replace as 
required. 

(6) Check the effect of the new magnetic water treatment system 
through water quality analysam and by direct inspection of 
internal surf acorn. 

(1) Install the bast available burners on all ovens, taking new items 
from stock and loaving the old burners in store for spare parts. 

(2) Chack combustion conditions ragularly and adjust burners to 
oparata on minimum oxcass air ratam. Raviaw tha safety interlocks 
and mcdify am rawired to ramova oxcaseivo margins (e.g. a 
minimum excess air rat. of naarly 200 parcant is totally 
unnecessary) . 

(3) Whan ovan8 ara shut down, onsuro side doorm and top vents are 
kapt clomad to avoid unnocosaary cooling down (and thus saving 
fual during tha subuoquont warm up period). 

(4) Roviow tho policy and procodurs8 for initial cooling of ovens at 
tha and of tho baking period. Ovonm should bo loft as hot as 
practicabla, 8ubjaCt to pravontion of mechanical mtramm due to 
tomparaturo diffarancom acrosm componont8. I 

G, 
( 5 )  Dotormino tho coat of now low orcass air burnara and tha savings ,\ 

1 P 



- 
(6) E.;raluste:the costs and benefits of various heat recovery options 

for the ovens, such as partial recycle of hot gases (especially 
during the warm up period), installation of a heat exchanger for 
preheating combustion air, and recovery of heat for low pressure 
steam generation. The cost of burners able to utilise hot air and 
the cost of a suitable heat exchanger are being determined. 

(7) As a contribution to determining the cost effectiveness of new 
burners, monitor the current gas consumption on the large bread 
ovens: gas use, quantity and type of product, and the combustion 
gas oxygen and CO contents should be recorded daily for 1-2 
months. 

(8) For the next scheduled replacement of insulation on an oven, 
consider the replacement of standard insulation by low mass 
ceramic fiber insulation. This should save energy by reducing the 
heat stored in the massive walls of the oven during the cyclic 
process. Energy lost through the walls during normal operation is 
already minimal. 

(9) Future plans for equipment upgrading or replacement should 
include the use of higher efficiency oven designs with heat 
recovery. 

(1) Use the load survey instrument to check loads especially during 
peak periods. Shift loads where possible to off peak. 

(2) Identify contributors to the "fixedN electricity consumption 
evident in electricity/production graphs (e.g. lighting, 
unnecessary machine idling). 

(1) Study the options for controlling the space heating system and 
simplify the procadures. If practical, control the heating using 
inside temparatures. 

( 2 )  Ensure that radiators are off when areas are unoccupied. 

(3) A survey of insida temparaturam would be useful during the next 
heating 8oamon to identify thoaa araar that ara overheated and 
those that requiro more heat. The survay will also assist in the 
design of a simplified spaca haating systam, which may require 
installation of sensors and control valvas in various locations. 

Initial amtimatam of tho potential mavingm ara givan in Exhibit 3.1. 
Tha total savings limtad ara aquivalant to about 6 parcant of the 
currant anargy bill and tha avoraga payback i s  around 6 months. 



3.3 ~oasible~'Assist8nca and Damonstrrtion Projects 

Assistance with equipment purchase could be given to the plant on the 
following items: 

US dollars 
(1) Purchase of instruments -- electrical systom survey instrument 6000 -- sonic steam trap tester 1300 -- TDS meter 300 

Total 7600 

All the above instruments could be utilised at the other 46 
bakeries and thus the potential benefits are substantial. 

Purchase low excess air burner for demonstration, 

(3) Purchase of heat recovery system for preheating combustion air, 
say $ 8200. 

Cost estimates for the hardware for items (2) and (3) are being 
verified to recheck the initial payback estimates. The replication 
potential for a low excess air burner with heat recovery is certainly 
high but the payback period of over 3 years is not attractive. 



EBTIXATEB OP POTENTIAL BAVINQS 

Item Cost Savings Payback 
months 

---.------------I------- ----------- ------------ow-------- ------- 
(1) Energy management and 

data -- reports, monit- 
oring, extra meters, inter- 
bakery comparisons -- -- -- --------------------------------------------------------------------- 

(2) Sonic trap tester $ 1300 Detection of 10 faulty 3.8 
traps per year, leakage 
5 kg/hr, 6000 hr/yr 
300,000 Ft/y = $ 4100 ------------------------------------.-------------------------------- 

(3) TDS meter $ 300 -- -- ---"--------------------------------.-------------------------------- 
(4) Electricity survey 

instrument $ 6000 Say 5 O of elec. use 18.0 
shifted to off peak 
290,000 Ft/y = $ 4000 -------------------------------.----.--.---.---.--------------------- 

(5) Combustion control (use the Say 5 t of gas use -- 
on ovens and existing 2,000,000 Ft/y = 
boilers instrument) $ 27400 ---------------.-.-------.----------..----------.-------------------- 

(6) Insulate warm water 
lines -------------------------.---.----.-----------------.----------.----- 

(7) Replace oven 200,000 Ft Say 10 Z of avg 20 ~ r n ~ / h  19.0 
burner with low or $ 3000 (5000 h/yr) 
excess air design 122,000 Ft/yr = $ 1680 -----------.------------.--.--.-----------.--.--------------.-------- 

(8) Add heat recovery 600,000 Ft Further 15 S of gas 39.0 
for air preheat o r $ 8 2 0 0  us. 

180,000 Ft/yr = $ 2500 ----- -----------------------.---------.-----------.-...-------------- 
Tot818 $ 18,800 $ 39,680 5 .7  
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APR U Y  J W E  JULY AUG S I P  .............................................. om' ------- WOV ------- DEC 
- - 

BLBCTRICITY -- JWh 
100 mtmrod 
101 wtmrod 
102 wtarml 
103 wtorrd 
Koz . wtorod 
mubtotal 
S0l.m 
total 

ELECTRICITY WTIOS 
Total W a r y  alrc/ prodtn 
kUb por tonne 72.3 

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

0VBnAI.L PIBStGY USE 
Natural gam GT/tonne 5.50 4.37 4-11 3.91 4.28 3.44 4.10 3.39 3.50 3.89 4-17 4.26 4-10 
Bloctricity =/tom@ 0.26 0.22 0.24 0.28 0.21 0.25 0.27 0.27 0.24 0.23 0.33 0.27 0.25 
TO-1 5.76 4.59 4.35 4.19 4 4 9  3.69 4.37 3.66 3.74 4.13 4.50 4.53 4.35 



SERIAL R 11001934 , 8 

\ ! . - 

SERIAL S! 11081534 

SERIAL 1 11801934 
CNERAC M O D E L  2laEtEi 

COMBUSTION TEST RECORD 

FOR: RCG/HBI 

TIME: 14:57:58 
DATE: 04/19/91 

FUEL WTURAL GAS:21878 BTU/LB 

COHBWION EFFICIENCY: 
AMBIENT TENPERATURE: 
STWK TEMPERATURE: 
OXYGEN : 
CARBON MONOXIDE: 
CARBON DIOXIDE: 
COMBUST I BLE W E S  : 
.STMK D W  ( I KHES H20 : + 
DCESS AIR: 
CARBON MONOXIDE ALARM: 
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PROJECT FORMS 

APPENDIX 1. DETAILED RECOEIWENDATIONS FOR ENERGY EFFICIENCY 
IMPROVEMENT 

Following is a detailed xecommendation by RCG/Hagler, Bailly for 
energy efficiency improvemerik. This project fits under the general 
energy management category as described below. 

A. General and Enersv Manaaement 

These projects are opportunities which are recommended for 
immediate action, and require little or no expenditure. These 
projects affect management systems and techniques, rather than 
process equipment. These projects are the primary focus of 
the USAID Emergency Energy Program for Hungary. 

Following is list of the recommended projects for Fovarosi 
Sutoipari Vallalat Bakery: 

Action A.1: Institute energy efficiency teams to reduce energy 
losses 

This project is presented in a stand-alone project form which 
provides all basic information to qualify the project. The data 
are provided at the llinventoryll level (first order of magnitude 
approximation), and include the following: 

- Description and rationale - Calculation of savings (energy and others) - Implementation cost - Financial analysis limited to the pretax pay-back period - Planning - Technical risk and reference - Back-up data and calculations. 



ACTION A.1 - Institute Energy Efficiency Teams to 
Reduce Energy Losses 

1. PROCESS AREA 

Portable instruments: to be ~ z o d  throughout the plant for 
combustion, steam and electrical systems. 

2. STATEMENT OF RECO-NDATION 

Set up at least 3 energy efficiency teams to test and optimize 
equipment operation on a regular basis. Teams should be organized 
for the boilers, the steam system, and the electrical systems. 
Following are recommendations for the activities on each of these 
teams : 

2.1 Steam Trap Testing Program 

Inventory all steam traps. Begin a regular testing program using 
the ultrasonic test instrument, ensuring that every trap is tested 
on a regular basis at least twice per year. Tag or otherwise 
identify each malfunctioning trap and schedule its repair or 
replacement as soon as possible. 

2.2 Optimize Boiler Blowdown and Combustion Efficiencies 

Use TDS or conductivity meter to monitor the boiler water dissolved 
solids content 3 times per day. Manually adjust the blowdown or 
change the bottom blowdown rate in order to maintain the solids 
concentration inside the boiler less than 3500 ppm (mg/l). 

Use existing exhaust gas analysis instrumentation to monitor and 
adjust to optimum levels the levels of excess air on the boilers 
and the burners for the ovens, to maintain combustion efficiencies 
as high as possible. 

2.3 Reduce Peak Electrical Demand 

Use an electric power analyzer to determine the variations in 
electrical demand for the bakery as a whole, and for the larger 
individual pieces of equipment. Analyze the results of these 
measurements to determine the peak demand period during the day, 
arid ti) identify tine equipment wnicln most importantly contribute to 
this electrical demand. Develop a program for manual rescheduling 
of equipment operation, or shutoff of certain equipment during the 
peak demand period in order to reduce the peak demand. 

Use of portable instruments will allow the testing of steam traps, 
boiler water, and electrical equipment to ensure that equipment is 
operating in optimum condition. While the operation is generally 
good, the use of instruments provides a basis for an optimization 



of operation, offering energy savings of several percent. In 
addition, regular testing of plant equipment improves the staff 
knowledge and understanding of the equipment, and can serve as a 
basis for a better preventive maintenance program. 

4.  BENEFITS 

4.1 Energy Savings 

Energy savings are obtainable primarily by using the ultrasonic 
tester to identify leaking steam traps, and by using the electric 
power analyzer to identify possible electrical demand reductions. 

Leaking steam traps identified/repaired: 

10/yr x 5 kg/h (loss) x 6000 h/y x 1 Ft/kg = 300,000 
Ft/y = $4100 

Possible electrical demand reduction: 

5% of electricity use shifted to off peak = 290,000 Ft/y = 
$4000 

Total possible savings: $8100 

S o  IMPLEMENTATION C08TB 

Equipment 

Ultrasonic tester 
TDS meter 
Electric power analyzer 
TOTAL 

US$ Cost 

6. PAYBACK 

The payback period for the purchase of all three instruments is 
approximately one year. 

Task 1 -- cemplation data: Hay 20, 1991 

HBI prepares and addresses to Fovarosi Bakery the specifications 
for the instruments. 

Task 2 -- cornplation data: Hay 2Sr 1991 

HBI gets quotations from US manufacturers. 

Tamk 3 -- aomplation data: Juna 10, 1991 

Fovarosi reviews specifications and makes recommendations for 
selection of supplier. 



Task 4 -- aomplation data: Juna 15,  1991 

USAID gives clearance for equipment procurement based on HBI 
financial and economic study and evaluation of quotations. 

Task 5 -- cornplation data: Juna 16, 1391 

HBI sends purchase orders for equipment. 

Task 6 -- cornplation data: August 10, 1991 

Shipment of equipment arrives in Hungary. 

Fovarosi completes an operating procedure for the use of portable 
instruments, including who is responsible, where they will be 
stored, frequency of use for different applications, etc. 

Task 7 -- cornplotion data: August 31, 1991 

Fovarosi presents results of initial tests using the instruments. 
A list of steam traps tested and their operating condition, 
recommended action, and implementation plan should be included. 
Initial measurements of electrical equipment and their contribution 
to electrical demand should also be available. 

Task 8 -- aomplation data: Saptunbar 10, 1991 

HBI reviews Fovarosi test procedures and results, and assists in 
making additional energy-saving recommendations based on the test 
results. 

8. TECHNICAL RISK AND REFERSNCB 

Proper operation of the instruments presents no risk to the 
company. As part of the operating procedures mentioned in Task 6, 
instructions for instrument operation should be translated or 
adapted into Hungarian. 

9. SPSCIFICATIOI OF BQUIPHBNT 

9.1 Ultrasonic Tester 

Type: Ultrasonic detector 
Physical characteristics: Pistol-type detector/stethoscope, 

with minimum 4"  probe, extendable to 
15" 

Output: Analog meter on pistol and audible sound converter for 
use with earphones; 10/1 sensitivity calibration dial 

Power : 9 V battery, optionally rechargeable 
Accessories: lightweight plug-in headset, carrying case; tone- 

generator and rubber focusing extension opticnal 



Type : Conductivity meter 
Physical : Integral measuring cup 
Output: Analog meter, 0-5000 ppm in a minimum of 3 ranges 
Power : 9V battery 

Type: Three-channel kW, kVAr, power factor recorder 
Physical : Benchmount model, NEMA PI drip-proof case 

3-pen chart recorder 
100% zero adjust 
voltage and current leads (6 ft minimum) 

Input : maximum 600 V, 1000 A AC 
Output: power factor: 0.5 lag to 0.75 lead 

kW, kVAr: 0-1200, minimum 6 ranges 
kWh, kVArh counter, resettable to zero 
max kW, kVAr demand: selectable 15, 30, 60 min periods 
chart drive minimum 10 speeds in cm/hr and cm/min 

Power : input 220V 50Wz 
Accessories: 3 x 1000A:lA currefit transformers 
Spares : fuses 

3 x pens/cartridges and chart paper 


