
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/


ISSN 0116-3213 

l<JumF.s TO ENEROY 
9 

CONSERVATION IN THE 
FOOD PROCESSING 
INDUSTRY,\ 

_,,,,,,,,,,..., 

GUIDE SERES ON EFFICENT ENERGY USE 



/GuII>F3 TO ENERGY 
CONSERVATION IN THE 
FOOD PROCESSING 
IND1Bl'RY _:J 

Bureau of Energy Utilization 
Ministry of Energy 

National Engineering Center 
University of the Philippines 

li.P. Engineering Research and Development Foundation. Inc. 

United Nations Industrial Development Organization 

Ju..J1~ 
Quezon cit~pines 

I J..--



GUIDE SERIES ON EFFICENT ENERGY USE 

1. Guides to Quick Estimates of Energy Costs for Industrial Use (May. 1985) 

2. Guides to Retrofitting Oil-Fired Boilers. Kilns and Other Furnaces to Use 
Alternative Fuets ( ... ly. 1985) 

3. Guides to Industrial Preventive Maintenance for Ertern ~servation (April. 1986) 
4. Guides to Energy Conservation in the Food Processing Industry ( ... ne. 1986) 

This Guide Series is dedicated to providing industry handy 

references for the efficient and wise use of energy. 

ISBN 971-8533-03-6 

Available al; 

NATIONAL ENGINEEP.:NG CENTER 

University of the Philippines 

Diiiman. Quezon City 

Telephone No. 922-47-14/97-60-61loc883 

CONSERVATION DIVISION 

Bureau of Energy Utilization 

Ministry of Energy 

Merritt Road. Fort Bonifacio 

Tel. No. 87·76·33 

ii 



omCEOFTHE PRESIDENf 

UNIVERSITY OF THE PHILIPPINES 
QUEZON Cm 

M E S S A G E 

It is with pleasure that I convey my congratulations 
to the U.P. National Engineering Center, the U.P. Engineering 
Research and Development Foundation, Inc., the Bureau of Energy 
Utilization and the United ~ations Industrial Developaent Organ
ization as well as the private companies and individuals who 
participated in the development and publication of this handbook, 
nGuides to Energy Conservation in the Food Processing Industryn, 
the fourth in the Guides Series on Efficient Energy Use. 

I am heartened that the University is a part of this 
meaningful work, where the academe takes an active role in a 
collaborative effort with industry and the govsrnment for the 
1;ltimate benefit of the country. 

The success of this project provides another strong 
argument in favor of expanding such cooperation in other areas 
of endeavor. 

.30 May 1986 

~ / ~"'f ""''
inoXRDO J. ANGARA 

iii 



FOREWORD 

This book is intended to sene as a practical Q\Jide for plant engineers. supervisors and energy 
managers in tl•e food processing industry for -;arrying out actions which would generate savings in 
electric bills and fuel costs. 

The ultimate aim is to inaease productivity and minimize wastage through the efficient and 
wise use of energy. 

Chapter 1 gives a brief profile of energy consumption in the food processing industry and 
summarizes the energy conservation measures for thirteen types of equipment and systems covered 
in the manual. 

Chapters 2 to 5 describe ways of conserving energy in the processing of fish, meat, fruits and 
vegetables. and grains. Each chaptP.r starts with the identification of final food products derived 
from the commodity. This is followed by an analysis of energy use in the processes and equip· 
ment involved. Energy conservation potentials and measures are then listed down, aa:ompanied 
by illustrative diagrams as necessary. A documentation of a successful case of energy conservation 
in a food plant rounds off the chapter. 

Chapter 6 covers equipment oommonlv ••sed in food processing plants. namely: boilers, 
steam systems, electric motors. compressed air systems. lighting systems and canning equipment. 
Specific procedures and techniques are give'l, as well as descriptions of needed capital improve· 

men ts. 

The appendices indude some nomographs which can be used in estimating expected savings 
in energy costs. typical energy efficiencies of common eqiJipments.energy engineering data, finan
cial evaluation methods. U.bles on the SI system of units. guides and forms for conducting an ener· 
gy audit and a directory of technical assistance centers which can provide er.ergy conservation 
services. 

It is hoped that this book will effectively serve its purpose as a practical guide for users in 
the food processing industry. 

~ . · c:.r(... 
Ch;r::~=;.;~~ 
Bureau of Energy Utilization 

Ministry of Energy 
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.... oductiall 

1.1 ENERGY USE IN THE FOOD PROCESSING INDUSTRY 

The food processing industry consists of all establishments en~ in the application of any 
physical, chemical or biological treatment to food from its raw materials to various consumer 
forms. The ind.try is the largest of all the manufacturing sectors in the Philippines accounting 
for at least 30% of the total gross output from 1956 to 1974. Due to its heterogeneity, the 
industry has been dassified into various subsectors depending on the types of products manufac· 
tured. 

Among the major industrial sectors, the induttry ranks fourth in the consumption of 
petroleum products. In 1983 alone, the industry used 1.18 million barrel;. of fuel oil equivalent. 
accounting for 8.9% of the total industrial energy consumption. 

Based on the National Census and Statistics Office's 7980 Annual SurYt!Y of Establishments, 
(Reference 2), the industry has been r.ategorized into: 

1. Sugar Milling 
2. Coconut and Vegetable Oil 
3. Grain Products 
4. Dairy Products 
5. Coffee, Chocolate and Confectionery 
5. Animai Feeds 
7. Processed Fruits and Vegetables 
8. Bakery Products 
9. Meat Products 
10. Fish PrJducts 
This manual focuses attention oo the processing of fish, meat, fruits and vegetables, and 

grains. According to the survey mentioned above, a total of 19,739 establishments are engaged in 
the processing of these commodities. They compose 67% of the food manufacturing plants in the 
Philippines. 

A useful index of performance in the use of energy is the specific energy consumption, in 
kWh or barrels of oil equivalent (BOE) per unit of product. If monitored periodically, it will indi
cate whethe:- or not energy use is becoming more efficient. An example is the specific energy 
consumption for flour in 1984 which is 0.147 BOE/MT. 

The steam requirements for various food products are individually estimated or known 
empirically to operators but little information has been published. The findings of a study to 
measure the consumption of steam in the packing of corn and tomatoes are shown in Table 1.1. 

1.2 SUMMARY OF PROCESS EQUIPMENT AND ENERGY CONSERVATION MEASURES 
The dewlopment of energy conservation measures and efficiency improvement targets for 

the food processing industry requires the evaluation of numerous operations and ttqo,ipment in 
each industry subsector. Theoretically, many measures would conserve energy; the savings would 
be limited only by the laws of thermodynamics. However, only those determined to be techni· 
cally feasible at the present are di1cu1sed here. 



TaMe I .I Stemn R•ired in Vlriom Uait Opaatiom 
Source: llefaence 3 

0.-•linl ... "-Un 
Unit O.,.mian Equipmlftt o.n.ad. o.n..I P•C... ..,.. 

""" "' 61anching Reel Blancher 454 1.360 2.3·2.7 
Blanching Tubular blancher 544 1.360 2.3·2.7 
Cooking Open kettle. 60 min .• 100°C 45-90 907 0.9-2.3 
Concentrating Open kettle. tomato puree -1.o45 2.268 2,722 22(6-lO's)• 

Brine Heati11g 15.5 to 93.3°C 1.4 
Exhausting Steam exhaust. 1.2 x 5.1 m 227 227 1.4(6· lO's)• 
Retorting Non-agitating 

25 mm steam inlet 45-68 1,134 2.9 
32mm 45-68 1.588 2.9 
38mm 45-68 2,041 2.9 
50mm 45-68 2,722 2.9 
Continuous pressure cooker 45-68 2,722 1.6-1.8 

-• 
There are energy conservation measures that can be carried out just by improving mainte· 

nance and operating procedures. Some additional devices or capital improvements may be found 
immediately adoptablft. Other additional equipment or improvements may be justified only 
through a financial evaluation study. Such study would require an estimation of the expected 
as given in the appendix. Guides to Quick Estimates of Energy Costs for Industrial Use (May, 
1985), which is the first in a series of books on energy use of which this book is the fourth, is a 
useful reference in cost studies. 

The following list shows the equipment types and systems covered in this manual: 
a. freezers and cold storage systems 
b. scalding tanks 
c. evaporators 
d. bottle washers 
e. blanchers 
f. can washers 
g. exhausters 
h. retorts 
i. boilers 
j steam systems ! . 

k. electric motors 
I. compressed air systems 
m. lighting systems 

A summary of actions for conserving energy is given below. 

1.2.1 Freezers and Cold Storage Systam1 
a. Improving maintenance and operating procttdures 

1. Reduce refrigeration load by deboning or removing unnectssary parts. 
2. Do not overcrowd the cold storage 1pac:e as this would reduce convection heat trans· 

fer. 
3. Do not set temperature controls lower than necessary. 
4. Aun large compressors at their rated capacity. 
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5. Cyde 1111111 freenr motors. 
6. Adjust freezer motor cap.city utilization. 
7. Keep freezer doors closed most of 1he time. 
8. For •ir blut treezeR. pl.:e fans before the cooler to promote uniform ar flow. 
9. Limit the c:learance bet\11een the W. •nd the casing to• few millimeters to prewnt •ir 

recircut.tion. 
b. Adding c.pi111 improvements m consene energy 

1. Improve insulation on doors and walls. 
2. Use correct motors size to fit requirements. 
3. Provide baffles around corners or where direction of air flow dwlges. ~o er.aure uni· 

fonn air distribution. 

1.2.2 Saldillt T•ks 
1. Use direct heating of water for scalding. if possible. rather than ~ing. 
2. If steam must be utilized. use dosed or indirect steam heating instead of direct mixing 

to enable condensate recovery. 
l. Insulate the sides and bottom of the tank. 
4. Minimize steam loss to the atmosphere. 

1.2.3 E•IPO*mton 
1. Preheat the feed to improve the efficiency of the plant. 
2. Use mechanical processes to minimize the moisture which has to be removed by eva· 

poration. 
3. Where applicable use multiple effect evaporators instead of single effect evaporators. 
4. Investigate the use of a mechanical vapor recompression (MVR) evaporator to realize 

greater energy savings. 
5. For plate evaporators. thermo-compression reduces the steam consumption significant· 

ly. 
1.2.4 Bottle w ....... 

1. Recover the water from different stages of bottle washing. particularly the final rinse. 
2. If possible. install a heat pump for heat recovery. 

1.2.5 Blllldlln 
a. Improving maintenance and operating procedures 

1. Control the residence time for blanching. 
2. Minimize steam loss by using correct steam pressure which ~ n'lt caute bubbling 

through the blancher water. 
3. When applicable. use hot water instead of steam for'blanc:hing. 

b. Adding capital improvements to conserve energy 
1. Install and properly maintain thermostatic controllers. 
2. Use proper size steam nozzles to ensure efficient heat transfer. 
3. Insulate the blancher to prevent hut loss. 
4. Provide strainer for inlet steam to avoid frequent purging. 

1.2.IC.Wllhlrs 
1. Re-use hot water or steam generated from other processn. 
2. Monitor and limit the use of hot water. Use flowmeters. 
3. Recover waste heat. 

1.2.7 Exhlu-. 
1. Reduce the amount of steam 81Qping from the ends by decre•ing the area of the 

openings. 

2. Recover the condensate for hot wlter production. 
3. Insulate hot ext«nll surfaces anct steam Ii"". 
4. Jf possible. use hot wltlr for exhauJting. 
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5. Where practic8ble. hot filling with SIUC8S. oil. or brine should be done to reduce the 

a.t requirement for exhlusting. 
1.2.8R910rb 

1. Insulate the retort. 
2. Investigate the posibility of using drlinings or condensate. venting steam and water 

from pressure cooling to produce re-usable hot water. 
3. In aseptic canning operations. use product-to-product heat exchange. 
4. Instead of steam venting. consider using vacuum pumps for removing air before retort· 

ing. 
5. In continuous retorts. avoid preheating or venting too soon. 
6. If compressed air for pressure cooling is used. check and eliminate air leaks. 

1.2.9 Boilas 
a. Improving maintenance and operating procedures 

1. Adjust burners for proper flame pattsns. 
2. Monitor flue gas composition and temperature as often as necessary. 
3. Optimize combustion air requirements by adjusting dampers. 
4. Arrange for periodic soot blowing of convection tubes. 
5. Clean bum• nozzles periodically. 
6. Seal ail aacks and holes around the furnace to prevent air infiltration. 
7. Carry out proper water treatment. 
8. Reduce blowdown. 
9. Keep :nsulation in good condition. 
10. Make ;1 daily plot of fumaca efficiency. 

b. Adding c.c.pital improvements to conserve energy 
1. Install low excess air burners to increase furnace efficiency. 
2. Install an air preheater. 
3. Install an economizer. 
4. Install a heat exchanger to rrcover heat from blowdown. 
5. Install additional process heating coils in convection section. 

1.2.10 Steam Systems 
a. Improving maintenance and operating procedures 

1 . Operate boilers at their designed pressures and set pressure-reducing valve~ to provide 
a pressure no higher than necessary. 

2. Use correct size steam traps and carry out regular check up of all units. 
3. Simplify all heat distribution systems and remove or seal off sections no longer in use. 
4. Repair all steam leaks. 
5. Develop regular inspection and maintenance schedules for all heat distribution facilities. 
6. Control steam consumption of process equipment in accordance with optimum 

required temperature, pressure and time. A steam meter is necessary. 
7. Load process equipment to capacity but do not overload. 
8. Improve heat transfer rates by agitating or stirring the materials being heated. 
9. Preheat incoming materials by using heat recovered from the pror..esses. 
10. Cut down w•te and overprocessing. 

b. Adding capital improvemenu to conserve energy 
1. Consider installing a system for returning condensate to the boiler when this does not 

exist. 
2. Where large amounts of high-pressure steam are used for low pressure applications, 

install equipment (e.g, turbine) to generate useful work in pressure reduction. 
3. Insulate all hot pipes and repair faulty insulation. 
4. When direct steam injection is usod for heated tanks and vats, consider other pouible 

methods like indirect steam heating with thermostatic control or direct·fired imrner· 
sion tubes. 



5. Where • widely fluctumting s-.. loMI exis1s. consider 1he am of m ICCUllMMtor to 
emllle operating the boiler more s1Hdt1y md hence more efficiently. 

1.2.11 Electlial SyQml wl ........ 
a. Improving mmintenanc:e Md opnting proc:edlWIS 

1. De energize e>ass tra11Sfonner apecity. 
2. Limit demmd s-ks. 
3. Optimize plant power factors. 
4. Switch off operating equipment without load. 

b. Adding capital improvements to comene energy 
1. Replace underloaded motors. 
2. Replace less efficient motors wi?h hitll~ motors. 
3. Consider variable speed mou for variable pump. blower and compressor loads. 
4. Add capacitors to improve power factor. 
5. Install demand c:on1rol systems and time switches. 

1.2.12 Colfiih md Air S,....._ 
a. Improving maintenance and operating procedures 

1. Operate system at minimum air pressure required. 
2. Keep air distribution lines dean. dry and warm. 
3. Repair leaks in air lines. 
4. Minimize air venting from the system. 
5. Clean or replace inlet air filters regularly. 

b. Adding capital improvements to conserve energy 
1. Relocate air inlet to cool location. 
2. Improve pipe layout to reduce flow resistance. 
3. Match compressed air system to prec..sure and volume requirements to avoid oversizing. 

1.2.13 LightingSyst8ms 
1. Use the mmt efficient liWit source practicable. 
2. Use J.amp light output efficiently with proper luminaires. 
3. Maintain lighting equipment in good order. 
4. Use well-designed energy-effective li"1ting schemes. 
5. Control the switching operation and usage of the li"1ting installation. 
6. Consider the effect of the surrounding decor. 
7. Install skyliWits in production areas and warehouses. 
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Ewu Camemtiaa ii Fisll Pncessilg 

2.1 FISH PRODUCTS 

Fish. in the fresh or proces• state. is a major intJedM!nt of the Filipino diet. Fish is pre
sened by freezing and processed by drying. Siiting. smoking and canning. 

Sun drying. wi1h or without Siiting. is prlCtRd in arus dose to the source of the raw prod
uct. Small fish such as di/is are not salted before drying. These fish are washed wi1h suwater ;net 

laid on bamboo mats to dry under the sun for two to three days. Medium and l•ge fish •e salted 
before sun drying. Before salting. the fish are eviscerated. deaned and washed in seawater. Large 

fish •e split and salted to make daing. After splitting. the fish are soaked in brine. rubbed with 
salt and packed in salt inside barrels or day pots. After several days the fish are taken out. deaned. 
washed and sun dried on poles or bamboo mats. 

Smoked f'ISh. like the tinape, are washed in seawater.and cooked in medium brine. The fish 
are exposed to the sun and wind to remove the surface moisture. Smoking is do:le in round barn· 
boo baskets stacked one above the other over a smoking h•dwood fire. The lePgth of smoking is 
determined by the desired storage life of 1he finished product. 

Thermal processing. or ca!lning. involves subjecting the fish inside a container to high tempe· 
ratures to kill bacteria and inactivate er.zymes. The heat treatment is done with 1he fish inside 
hermetically sealed bottles or tin cans to g&J•d against contamination after the product is steril· 
ized. Water is required for washing. cooking. processing, cooling and steam generation. Steam 
generation requires considerabee quantities of fuel. Fishes canned locally are bangus, sardines, 
salmon and tuna. 

Bacteria and enzyme activity is reduced. if not totally stopped. by lowering the temperature 
of the fish. Kept at a temperature of -30°C, the frozen fish will remain edible for several weeks 
or months. Freezing plants consume electricity for the operation of blowers and compressors. 

2.2 PROCESSES AND ENERGY USE 

Freezing and thermal promssing use up immense quantities of electricity. fuel and water. 
Sun drying, relies on the sun and wind. which cost nothing. for their enerov source. This chapter 
will offer energy conservation measures applicable to freezing and canning. 

2.2.1 Fr.zing 

Approximately 80 per cent of the composition of fish flesh is water. To illustrate how much 

energy must be extracted from the fish during freezing. it will be aaumed that fish flesh has the 

same specific and latent heat consunu • Wiler. 

Above 0°C, 4.187 J of hHt must be removed from 1 g of Wiier to lower iu temperature by 
1°C. At o0c, approximately 336 J must be extrKted to changt W8llr into ice. To IOMr 1he tem· 
perature of 1 g of ice by 1°C. 2.o9 J of hell must bit remowd. However. the prnenc:e of salu Ind 
chemicals in the fish flesh lower 1he fr•zing temperature of the water. As water is locked 1way • 
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ice. the mncentration of these Slits mnd c:hemals in the WI~ inc:reaes. further lowering the 
freezing tmnpenture. At -"JIJ°C. only 90 per c:ent at the water in the flesh is frozen. (This tempe
rature is sufficient to .-rest most bacteriel mnd enzyme activity and is used in c:omrnscial freezers). 
The heat that must be extracted from a 1 kg fish at 25°C to freeze it at -30.,,C would be 505 kJ. 

The three methods of freezing fish .-e by blowing a stream of chilled air over the product. 
by direct contact of the fish with the refriteratld metal plates and by immersing the fish in a low 
temperature liquid. The first method is prKtised in the Philippines to preserw trawler catches and 
will be discussed in more detail. 

Because of the fans required to circulate the chilled a. air blast freezers require more energy 
and are more expensive to operate thm the ~te freellW. They require more space than other 
types of freezers but are able to hancle different sizes and shapes of product. 

Blast freezing is either of the continuous proam. where the fish move thnwgh the freezer. 
or of the batch proc:ess. where fish are stationary. 

In the batch process. the product is loa*d into the freezer on trolleys, pallets or shelves. 
(See Fig. 2.1.) After freezing is completed. the freezer is emptied and the next batch of f"ish is 
loaded. To freeze a whole batch of warm fish requires a very hid'! refrigeration load. This can be 
overcome by running the batch freezer on a batch-continuous basis. Several trolleys of fish are 
loaded into the freezer and the first one is taken out when it is fully frozen to be replaced by a 
new trolley. Warm fish should not be loaded upstream of frozen or poorly frozen fish to avoid 
accidental thawing of already frozen product. 

Figure 2.1 Batch Air Blast Frtezer With Side Loadmg and UnJOlding 

2.2.2 Thermal Proensint 

Thermal processing involves packing the prepared fish. usually in oil or light brine within a 
metal can or bottle. sealing the container completely and heating the contents to kill most micro
organisms in the products. Cooling follows immediately to avoid over-cooking the product and to 
prevent the growth of thermophilic organisms and corrosion of metal cans. The hid1 temperature 
operations. washing and cooling require considerable amounts of steam or directly fired fuel, 
electricity and water. 
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Figore 2.2 shows the major ~eps in the sardine-style processing of roond scad (gilfUIJ99Dn9). 
The fresh fish is headed. eviscerated. deaned. washed and cut to size. Soaking in brine draws out 
blooct and gives the flesh a firm texture. (In other processes. the f'sh may be prepared by salting. 
smoking. or pre-cooking). The prepared product is packed in the container with the sardir:e sauce 
which was previously prepared in a stean kettle or a direct-fired cooker. Air is removed from the 
ccntents ~Y steam-exhausting or by sealing the can under vacuum. The canned product is sub
jected to high temperature and pressure in a retort or pressure cooker. The fish product is sub
jected to a tin-e-temperature treatment sufficient to kill bacteria of public health si9"1ificance such 
as Cl. botulinum, as well as spoilage-causing microorganisms. If cooling is done in the retort. com
pressed air is injected into the retort to prevent straining the contaif'ier. 
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2.3 ENERGY CONSERVATION POTENTIALS AND MEASURES 

2.3.1 Air Bla't Freezing 

(a) The Refrigeration S}'St!m 

The freezer manager must pay attention to changes in the freezing process. A slower freezin.g 

rate or au incompletely frozen product muns that something is wrong with the refrigeration 
system. Instruments to check the presswe and temperature in the evaporator and condenser and 
the refrigerarn level in the reservoir will help in monitoring the refrigeration system. 

The system requires maintenance. Air and non~~! gases within the system will 
reduce the system's capacity to extract heat. The piping system Nquires frequent checks as a 
protection agitinst refrigerant leaks. Leaks not only waste refrigerant and energy but can threaten 
plant equipm211t, the product and plant penonnel. 

Uirt on the fins of an air-cooled condenser or fouling of the fins of a water-cooled condenser. 
will lead to inefficient condermtion and a high refrigerant temperature. This will be manifested 
in the increase in temperature of the co111de1 .ser cooling medium « in the decrease of the water flow 
rate for the water-cooled svstem. 

The evaporator must absorb the heat from the air as it passes through the cooling coils. Ice 
or frost on the coii SlKface hampers the heat transfer. The evaporator coil requires regular defrost· 
ing to prevent it from becoming fully covered with ice. 

Other methods of reducing power consumption are: 

(1) Sizing motors to fit requirements (Motors operate more efficiently at or near their 
rated loads.); 

(2) Running large compressors at their rated capacity; 
(3) Cyding small freezers motors; and 
(4) Adjusting freezer motor capacity utilization. 

Items 2 to 4 require no capital outlay 21nd imply good equipment "JSe mcr1agement. Asi~ 
from improvements in refrigeration equipment operating procedures, the use of heat recovery 
devices can also save on electrical energy use. Heat extracted by the refrigeration plant can be used 
on plant operations requiring warm water (40.00°C). 

(b) Fani 

Blast freezers depend on the circulating chilled air t~ cool the product. The \''?locity of the 
air over the product determines the rate of freezfn,;. Although a faster air speed will increase the 
freezing rate, a larger fan requires more power, generates more heat and therefore, is more expen· 
sive to run. An air speed of 5 m/s is a compromise between high costs and slow freezing rates. The 
chilled air temperature rises an average of 1 to 3°C as it passes over the products resulting in slower 
freezing rates over the products located downstream. Increasing the air speed of 5 m/s is necessary 

to protect the fish from the hazards of slow freezing. 

The following suggestions promote uniform air flow and freezing: 

(1) Place fans before the cooler to even out the air flow as it passes through the cooling 

coils. 
(2) Limit the clearance between the fan and the outer casing to a few millimetres to pre· 

vent air recirculation. 
(3) Provide baffles around corners or when the direction of flow changes to assure even air 

flow over the products. Baffles with adjustable pitch can operate under different con· 

ditions. 
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(c) Trays 

Since the fish have to be packed in trays. the latter must be able to tranifer heat efficiently. 
They should be able to withstand the strain caused by (.'loae swelling of thE: fish as they freeze. The 
edges tlult lie across the airstream should be lowered to allow close contact between the air and the 
fish. Freezing in the shortest time is attained when the fish i~ packed in open1rays without wrap
ping and the tray filled to the top to eliminate any pockets of dead air above the product. 

Designing the tray for easy unloading of the product profongs the life of the tray by requir· 
ing less force to unload the product. A tray with a taper of a. in eight can be easily emptied by 
pouring cold water on the bottom for a short time and gently tapping tile ends. Constructing the 
sides that lie along the airstream higher than the two other sides will also facilitate unloading. 

For maximum and uniform chilling. the distance between the surface of the product in one 
tray and the u!lderside of the tray on the shelf above must be about 1/2 to 2/3 the depth ot the 
product. It is also advisabl~ to position the trays evenly across the blast freezer to have a direct and 
uniform air flow over all the products (See Fig. 2.3.). Air will bypass the trays if they are concen· 
trated in one area. 

(d) General Considerations 

Because of the versatility of the blast freezer. it is often misused. Overloading and umler· 
loading result in a poorly frozen product and lass efficient freezer operation. There is a maximum 
heat load the freezer can handle which when exceeded will raise the refrigerant temperature and 
lengthen the freezing time. Loading product at a temperature higher than normal. opening the 
freezer doors more often than necessary and providing doors with ineffective seals will overload 
the refrigeration system. Opening freezer doors while the freezer is in operation not only increases 
the load but also hastens the build-up of ice on the evaporator coils. Leaks in the freezer doors wm 
cause the formation of ice in these areas, '1ocking" the door in place. In some instances, a forklift 

will have to force the doors open, causing undue damage to the door and the door mountings. 

AIR BYPASSIN8 TRUCK Mf BYMSSICG TRAYS 

Figure 2.3 Uneven Distribution of Trays Across the Air Blast Freezer 
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Conversely. better use of freezer doors will conserve energy. This me•s: 
(1) Keeping freezer doors more ti .. tly dc.!CI and keeping them dosed most of the time 

and 
(2) Improving insulatio.• on freezer doors. 

Severe underloading of the freezer will lead to vaives and controllers .. hunting ... resulting in 

excessive wear and intermittent operation of compressors. 

Regular defrosting is necessary to keep the freezer operating at its peak efficiency. The accu
mulatioo of frost redlas the heat transfer and hinders the air flow. It is better to defrost the 
freezer by heatins with the doors cl~ th• tuming off the refrigerant flow and opening the 
doors. The latter method is slow and messy; the heavy condensation can n•in the freezer housing 

and insulation. 

2.3.2 Thermll Processil• 

The major hdt energy consuming stepS in fish canning are pre-cooking. exhausting. retorting 

and hot can wa-;ning. 

Considerable ;avings can be generated by increasing the bciler efficiency through the follow-
ing: 

(a) Better combusi:ion control. 
(b) Reduction of blowdown procedures. 
(c) Repair of leaks in lines and valves. 
(d) Maintenance of insulation. and 
(e) Reduction of energy loss in distribution. 

O"lapter 6 provi~s a more detailed discussion of energy-saving techniques for boilers. 

Water for cooling the product after retorting can be ran through a cooling tower to save on 
water use. Condensate from the exhauster. steam kettle. etc., can be collet."ted and used for opera

tions requiring hot water. 

Insulating pressure cookers and steam kettles will stop the escape of heat to the atmosphere, 
elim;nating unnecessary waste of energy. This is illustrated in an application case found at the end 
of this chapter. 

The section on canning in Chapter 6 contains more suggestions for efficient energy use in 

canning. 

2.4 APPLICATION CASE 

RldUCld Hat Lo.s from Cooker Plmnt 

A steam-heated pressure cooker used for cooking canned products had very l•ge heat losses 
from its exposed metal surfaces. The temperature of 1his exposed surface was measwed and found 
to be 100°C. The cooker w• insulated with rigid foam insulltion which reduced measured swface 
temperatures to 35°C. 

Surface temper.iure measurements were taken to ascertain 1he energy loss from the outside 
surfaces. 

Average surface temperature 
Approximlte surface •ea per cot.>ker 
Process enamber temperature 
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From Tilbles 2.1and22: 

(a) Without Insulation: 

Heat loss due to radiation: 
Heat loss due to radiation.free c:onn'"!Ction 

Total 

(b) With ~nsulation: 

Heat loss due to radiation: 
Heat loss due to connection: 

Total 

(c) Savings: 

Heat Saved: = (9.5 m2 ) (1021 - 53.5) W/m2 

= 9191 w 

58EW/m2 

436W/m2 

1021 W/m2 

29.5W/m2 

24 w1rn2 

53.5W/m2 

Table 2.1 Heat Eminion Dae to lbdiation 
(Based on a mroudiDg air tempentuR of 2s°C) 

Heat Emission (W/m2 ) 

Surface 
Bright/Polished Normll 

Temp. °C 

5 -33 -65 
10 -25 -60 
15 -17 -34 
20 -9 -18 
30 9 18 
40 29 58 
50 50 102 
60 75 150 
70 101 200 
80 130 260 
90 160 320 

100 195 390 
120 270 540 
140 360 720 
160 460 928 
180 580 1160 
200 720 1430 
220 870 1740 
240 1040 2090 
260 1240 2480 
280 1460 2910 
300 1700 3400 
320 1970 3940 
340 2270 4540 
380 2600 5190 
380 2960 59"20 
400 3380 6710 
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Dull/Oxidized 

-98 
-75 
-51 
-26 

28 
87 

153 
225 
304 
390 
484 
585 
815 

1080 
1390 
1750 
2150 
2610 
3130 
3720 
4370 
5100 
5910 
6800 
7790 
8800 

10100 
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Table 2.2 Heat Eminioa Dae to FRe Comectiaa 
(Baed .>n ·a sanoundiaa u temperatme of 2S°C) 

Hut Emission (W/m2 ) 

Surt.:e Horizanbl 
Vettial Horizontal 

Temp. °C Looking Down Looking Up 

5 -91 -75 -27 
10 -62 -51 -19 
15 -36 -30 -11 
20 -14 -12 -5 
30 5 12 14 
40 19 5i 62 
50 36 101 123 
60 54 158 192 
70 75 221 269 
80 96 289 351 
90 118 361 438 

100 141 436 530 
120 190 598 726 
140 241 771 936 
160 295 954 1160 
180 350 1150 1300 
200 407 1350 1640 
220 466 1560 1890 
240 527 1770 2150 
260 589 1990 2420 
280 652 2220 2700 
300 717 2460 2980 
320 782 2700 3280 
340 849 2940 3570 
360 917 3190 3880 
380 986 3450 4190 
400 1060 3710 

I 

4510 
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Energy CDRSenati• in Meat Processing 

3.1 MEAT AND POULTRY PRODUCTS 

Meat as defined by the Food and Drug Administration is the properly dressed flesh o! cattle. 
•·ine. sheep or goats of sufficient maturity and in good health at the time of slauWiter but is 
restricted to the striated muscles attached to the tongue. diaphragm, heart, tt.:ophagus. and not the 
ears. lips. mouth. etc. The major kinds of meat induck: beef (cow or cattle). pork (hog), ,·eal 
(calf). and mutton (sheep). In the Philippines, the common sources of meat include cattle. h~ 
and poultry. 

Meat products refer to the meats which have been subjected to one or a combination of the 
following procedures: curing. smoking. canning. freezing. dehydration, production of intermediate· 
moisture products and the use of certain additives such as chemicals and enzymes. 

The manufactured meat products can be grouped as follows: 

a. Fresh - meat which has been cut. deaned. sorted and graded; sold without any curing or 
cooking. 

Pork - pork chop. spare ribs. loin lean, etc. 
2. Beef - bucket, round, loin. rib&, etc. 
3. Poultry - i. classified according to age - broiler. freezer. etc. 

ii. dassified according to cuts - white m~t. dark meat. giblets 
b. Corned - usually beef or pork which has been treated with salt solution containing sodium 

nitrate. sugar &nd spices and may or may not be canned. 
c. Cured - meat preserved by the application of curing ingredients. with or without smoking. 

Typical examrles are ham, bacon, and riative sausage. 
d. Sausage - usually consisting of chopped or cornminuted meat containing not more than 

3.5% binder by weight, seasoned and placed in pork or beef casings. Binders commonly used 
are cereals, vegetable starch flour and non-fat milk solids. Examples of sausages are frank· 
furters or hotdogs, breakfast sausage, bologna, salami and liverwurst. 5aus9g85 may be fresh, 
dried or smoked. 

e. Canned - meat placed in hermetically sealed containers followed by an adequate steriliza· 
tion process to destroy spoilage organisms as well as enzymes. 

f. Dtlhydrattld/dri«l/.alted - meat, usually thinly sliced, which has been pretreated with com· 
mon salt and then dried to remove moisture. until a minimal amount of liquid is left. 

g. Potted or dwillld - product c~ ··ained by comminuting and cooling meat with or without 
spice added and is usually packed in hermetically sealed containers. 

h. Pr.,,.,«1 - the clean, sound product obtained by subieCting meat to proceues which include 
comminuting, drying, curing, cooking, seasoning. 

3.2 PROCESSES AND ENERGY USE 

3.2.1 8..r Ind Pork 
Figure 3.1 shows the common prelimin1ry step in the proce11ing of meat. The sources of 

energy are pwchlltd electricity 1nd fOllil fuel. The latter is almolt 1lways used in the production 
of s.-m in boilers. 
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(a) 

(b) 

Slaughtering. 

The general flowcharts for the slaughtering al"d butchering of cattle and swine are shown in 
Figures 3.2 and 3.3, respectively. In cattle slaughtering, the major form of energy used is 
electricity. which is used to power the conveyor system. cutting tools, and stunner. Heat 
energy is used only in the boiling of cattle entrails. This is usually done by direct injection 
of steam into hot water (90-100cC) in large open-top containers. In pork processing, large 
amounts of steam are consumed in scalding. Hot water is kept at around 60°C by direct 
steam injection. In many hog processing plants. singeing is done with LPG burners or in 
singeing ovens. However. some hog processors eliminate this step to conserve energy. Other 
steam consuming stages fo!' pork slaughtering are the boiling of entrails and leg scalding. 
Both processes also use direct steam injection. 

Production of Ham, Bacon, and Picnics 

Figure 3.4 illustrates the flow of energy and meat in the production of ham. bacon, and 
picnics. Heat in the form of steam or hot water is used primarily in thawing or tempering 
and cooking. Direct heat is used in process ovens. ham glazing, and smoking. Power for cut
ting equipment. conveyors. and refrigeration is provided by electricity. However. in plants 
where skinning, trimming. cutting. and slicing are done manually, electrical consumption is 
much I· "Ner. In such plants, lighting is a major electricity consumer. 

(cl Production of Sausage and Comminuted Meat 

Figure 3.5 is a typical energy and materials flowchart for sausage and comminuted meat pro
duction. The energy requirement for this sector is very much higher than in other meat pro
cessing industries. Some sources report that the amount of energy required per unit weight 
of meat processed in the manufacture of sausages and comminuted meat products is more 
than double of that for canned meat products. The major energy categories are cooking, 
smoking, cooling, and boiler inefficiencies. In addition, mechanical operations such as grind· 
ing and mixing, cutting and trimming, breaking, and automatic conveying require considef
able amounts of electricity. However. in plants utilizing manual labor in some of these opera
tions, the electric power requirements are lower. Refrigeration is required in cooling. aging, 
and storage. 

(di Production of Canned Meats 

A general materials and energy flowchart for the canning of meat products is shown in 
Figure 3.6. Mechanized meat cutting and processing equipment account for the electricity 
input in meat preparation. As mentioned before, factories which use manual labor for cut· 
ting, trimming, etc. obviously have lower energy requirements. Other equipment which use 
electricity are conveyors. automatic batching equipment, pumps, and air compressors. 
Major steam or hot water consumers are the retort, cookt1rs, exhauster, and hot can washer. 
For solid packs such as luncheon meat, corned beef, etc., mechanical exhausters, which use 
electricity, are commonly used. For a more in-depth discunion of the canning process and 
applir::ble energy cor•servation measures please refer to Section 6.7. 

{el Frozen or Raw M• Proc...ing and Stof'lllB 

Figure 3.7 shows a typical frozen meat processing flowchart. Obviously, the largest require· 
menu for electric power are the fans and compreaors for blast freezing rtf refrigerated 
storage. In many cold storage plants which use fluorescent lifhting, the bulbs art on 24 
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hours a day. even if there is no one inside. The reason for thit is that it has been found from 
experience that turning the fluorescent bulbs off in the cold space for mnsiderable periods 
of time will drastically reduce bulb life. This could be due to condensation of water in the 
bulb. <>mer equipment which require electricity are conveyors and automatic packing equip
ment. 

Materials handling equipment such as forklifts oo trucks may requ;re diesel. gasoline. or LPG 
fuel. Some forklifts are battery operated. 

3.2.2 Poultry Dressing_. Freezinl 
Poultry processing in the Philippines consists mostly of dressing. packaging. and freezing. 

Both heat and electricity are used. 
A typical chicken dressing flowchart is shown in Figure 3B. Live chickens are hung by both 

feet on the conveyor. Sometimes chickens are electrically stunned or punctured throu!ft the 
brain. Aside from immobilizing the chickens. this reportedly relaxes the feather muscles and 

makes the quills easier to remove. The next step is sticking and bleeding. ~ile thP. chickens 
pass through the bleeding tunnel. they are sprayed with water. Then. they are immersed in hot 
water (58-60°C for soft scald.62°Cfor hard scald) in the scalding tank to bcilit:tte the removal of 
~<= feathers. The scalding tank is usually direct steam-injected and open at the top. The sides and 
bottom are made of stainless steel sheets and are seldom. if at all insulated. Deteathering and 
finishing are done by roller-mounted rubber .. fingers... The rotating rollers Jre powered by elec· 
tric motors. Tail slitting and evisceration are done manually. After evisceration, the feet are cut 
off, ca!JSing the chickens to drop into a container. Next, the dressed birds are washed then soaked 
in a chilling tank which is at a temperature of about 4°C. After that, the chilled chickens are 
packaged and sealed in plastic containers and quickly taken to the freezer for blast freezing. The 
freezing process is similar to that in Figure 3.7. Then the chickens are kept in cold storage. The 
poultry production industry is not stab!e and in times of over-production millions of kilograms of 
frozen chicken are kept in cold storage for months. This of course results in tremendous electric 
power requirements for refrigeration. 

3.3 ENERGY CONSERVATION POTENTIALS AND MEASURES 
The food processing industry has large potentials for conservation of heat because many 

processes require only hot w;,ter (60-90°) which can readily be generated using waste heat. The 
boiler is a major fuel-consuming equipment; it is found in almost all meat processing plants. 
Energy conservation in boilers and steam systems is discussed in Section 6.2. In low-temperature 
(90°C or less) heating applications using water, the possibility of using direct heating in place of 
steam injection should be considered. Electricity is used in meat processing for motors to power 
such equipment as conveyor), refrigerant or air compressors. pumps, fans, etc. Energy conservation 
in electric motors is discussed in Section 6.4. 

3.3.1 Scalding Tanks 
Practically all of the steam requirements in hog slaughtering and chicken dressing are for 

scalding tanks or other similar open-top, hot water e~ipment. The majority, if not all, ofthP.se 
equipment utilize direct steam injection. Scalding taF'ks for chicken dressing are usually made of 
stainless steel sheet and have no insulation for the sides and bottom. In many cases stum injected 
into the water does not cor.Jense cornpletely and merely escapes to the atmosphere. The foilow· 
i"9 are some suggestions for conserving energy in scalding tanks: 

(a) Uie dir11Ct comhultion of futll, inltud of 1tum, for hllllting if pollible. Hot water in scalding 
tanks is only about 60·70°C. This temperature can easily be attained by direct heating 
although provisions must be made for good temperature control. Since no steam is used, 
direct heating will greatly reduce the boiler load. In some proa.sses like c:hicken dressing, 
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Figure 3.8 Typical Flowcba1 for Poultry DRssing 

direct heating will eliminate the hi!#1 cost of operating and maintaining a steam boiler sys
tem. However. there may be some limitations as will be pointed out in (b} below. 

(b) Use closed or indirect steam heating instead of direct mixing. This will enable the condensate 
to be recovered for returning to the boiler or for hot water generation. This will also elimi· 
nate steam loss to the atmosphere and reduce feedwater treatment. It must be noted. how
ever. that tM water in the scalding tanks must be periodically replaced. thus necessitating 
quick heating so that operations will not be delayed. This can be done by continuous drain· 
ing and replacement of the scald water. or by simultaneous preheating of replacement water. 
Cleaning and maintenance must also be considered in the installation of heat exchange tubes. 
etc. 

(c) Insulate the sides and bottom of the tank. In many applications. the sides and bottom. or at 
least the sides. of scalding tanks are not insulated. This is especially true for scalders used in 
chicken dressing. Proper insulation wilt greatly reduce radiation c;od conduction losses and 
the exposure of employees to heat. 

(d) Minimize steam loss to the atmosphere. As noted earlier. a lot of the steam injected into the 
water does not <:«>ndense in the water but instead bubbles through it and escapes to the 
atmosphere. This can be prevented by first having steam give up its heat to the water through 
an indirect heat exchanger and later mixing the condensate with the hot water. This is dis· 
cussed further in Section 4.3.1. Another method is to reduce the area above the tank ex
posed to the atmosphere. An example of this is floating styropor balls on the surface of the 
ho! water. 

3.3.2 Steam-jacketed Kettles 

Steam-jacketed kettles and similar equipment must be purged of air at every start-up. Air 
in the steam cavity greatly reduces heat transfer. Many steam-jacketed kettles cannot be purged 
because they do not have vents. In most cases. the temperature of the food t.eing cooked in the 
kettles does not rise fast enough no matter how much steam is admitted. A steam vent may be 
in;talled as in figure 3.9 to solve this. When steam is admitted into the chamber of the kettle, dis· 
placed air will escape thr"ugh the open vent. After a few minutes, the vent is closed and the ket· 
tie is ready for use. 

20 



-------------------------------------~----- -- -~---- -

Energy may also be conse1¥ed in steam-jacketed kettles by proper insulation and by recover

ing the condensate. 

3.3.3 W- HNI R...,.y 

Wute heat can be recovered to preheat or produce hot water which is needed in so many 
processes. Waste heat can be recovered from spent or dirty hot water from cleaning or washing 
operations through indirect heat exchange. In operations involving heating and subsequent cooling 
of products. spent cooling water can be used for pre-heating or direct use in upstream or down
stream processes. In large boilers. waste heat recovery frOl"I the stack gases is possible. 

Figure 3.9 Steam-jacketed Kettle 

In large installations where singeing ovens are used. it could be economically feasible to 
install waste heat recovery equipment to recover energy from the hot (usually around ~°C) 
gases. 

3.3.4 Freezing Ind Cold Stor• 

Blast freezing is the method commonly used to freeze raw beef. veal. pork. or poultry. In 
poultry processing, open chilling tanks are used to cool the chickens before blast freezing. Some 
suggestions for reducing the consumption of electricity in refrigeration are: 
(a) Do not #t temperature control1 lower than ntlCtlllaf"I. Althout#l this may seem obvious, 

many plant engineers report that too often cold storage temperatures are lower than re

quired. 
(b) Do not overload or overcrowd the cold 1torage or bllllt frt!lflZtJr ipaa. This will hamper air 

circulation and reduce convection heat transfer. 
(c) lflltitute proct161ing at or nar the point of llaughttJr. Preserving meats by refrigeration so 

that they can be transported to the processing site requires a lot of energy. Of course, the 
ideal situation would be to have the slau•ter house in the same site as the procening plant. 
This will eliminate freezing and cold storage for meat that will later be processed. 

(d) R«luce the r.fri111ration load by dtJboni"f or removing untHIC-.ry fMlfl btJfore ndrifa'> 
tiort. The main argument against deboning before frnzing is cold shortening. This can be 
pre\ented by a process known as hot boning. In hot boning, the meat is electrically stimu· 
lated for about one minute to artificially induce rigor morti1. This will prevent cold shorten· 

ing. 
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(e) Implement,,,,,,_. pnMlltitle tmintenMce. Aside from reducing power costs by increasing 
the efficiency of the c:omprasor. regular JJrtV9ti• maintenance will incrnse the reliability 
of the system. Regular deaning of condensers will increase ~t transfer. Minor repairs of 
insulation. preW!ntion of air in-lukage. etc. will go a long way in reducing the refrigeration 
load. 

Section 2.l.1 provides more discussions on blast freezing. 

3.3.5 Co1•m1a RICOnly 

Many food processing aperations involve the generation of condensate from condensing 
steam. Examples of these are steam-jacketed kettles. cookers. steam boxes. etc. Usua=ly this con· 
densate is just thrown away. As already pointed out in preceding sections. this condensate can 
and should be recovered for return to the boiler for generation of hot water. and for pre-heating 
make-up water. 

3.3.6 Lay-Outi .. 

In many plants. energy flow was not considered in layouting. For example. the steam boiler 
may be far from th8 point of use. Expenses will be incurred for additional piping. steam traps. 
and insulation. Steam may lose much of its heat by the time it reaches a distant point of use. 
Another example is dulling and subsequent blast freezing for poultry products. If the chilling and 

packaging area is far from the blast freezer. chilled chickens may have absorbed considerable heat 
in transit. thus increasing the load on the blast freezer. 

3.4 APPLICATION CASE 

(The following case study was contributed by Engr. Esrneraldo Dautil. Assistant Plant 
Manager of Fooo Terminal. Inc.) 

Ti~: Plant Maintenance Division of the Food Terminal. ;nc. was commissioned to redesign 
and fabricate charcoal-fired heaters to replace the electric heaters of the smokehouse. The fan 
motor and materials for smoking (sawdust) were unchanged. Assuming 24 h/day operatic.n. the 
payback period was less than one and a half (1.5) days. 

3.4.1 Operati .. Cost 

(a) Electric Heaters 

(1) (10 kalrods) (1.5 kW/kalrod) 
~2.18/kWh) (24 h) = 

(2) (20 kalrods) (2.1 kW/kalrod) 
(P2.18/kWh) (24 h) = 

TOTAL 

(b) Charcoal Heaters 

(1 bag/h) ~30/bag) (24 h) 

p 784.80 

p 2,198.44 

p 2,983.24 

p 720.00 

NOTE: One bag of ch•coal is approximately twenty kilogrami;. 

Net Savings: P 2,983.24 _ .. 720 • '2,263.24 
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(1) Materills and Suf,plies 

(1) Two (2) pc:s discarded 210 litre 

steel drum 
(2) Two (2) pc:s plain G.I. sheet 

4• x8',pge24 
(3) Two (2) pc:s. deformed steel bar 

518" x 20ft 
(4) One half ki~ (1/2 kg) 

filler rod 118" x 3 ft 
(5) Oxy-ac:etylene gas 

(approx. 1 /4 cap. consumed) 

(b) Direct Labor 

TOTAL 

3.4.3 Effects on Praduction: 

The following improvements were reported: 

p 669.00 

no.oo 

720.00 

78.00 

90.00 

505.00 

p 2.832.00 

(a) Come-up time (pre-heating) was shortened. 
(b) The removal of the heating elements (kalrods) and supports inside the smoking chamber 

provided more elbow room for the operators. 
(c) The arrangement of the products to be smoked inside the smoking chamber was improved 

and the capacity of the smokehouse was increased. 
(d) Cklality of the smoked products was enhanced due to the uniformity of hot air circulation. 

(e) The production rate increased. 
(f) Maintenanf'.e problems decreased. 

REFERENCES: 

1. Casper, M.E. EneTgY Saving Techniques for the Food Industry, Noyes Data Corporation, 

Park Ridge, New Jersey. 1977. 

2. lnstitc;tional Energy Conservation Worklhop Proceedings, sponsored by Wisconsin Public 

Service, Madison, Wisconsin, April 1984. 

3. Agriculture and Food Proctllltll, May, 1980. 
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E•1Y Cw..ali11 ii die Pncessilg If Fnils 1111 Vegetlllles 

4.1 FRUIT AND VEGETABLE PRODUCTS 

Since the majority of fruits and vegetables are available only when they are in seeson and 
owing to their perishability. a number ".'! forms of processed fruits and vegetables have emerged to 
satisfy non-seasonal demands. P,ocessed fruit products include the following: canned fruits (whole 
or sections). fruit preserves. jams. marmalades. jellies. juices. and purees. Vegetables can be simi
larly prepared and the processed forms are: canned wgetables. juices. purees. pickles and relishes. 
Fruits for export are preserved by freezing. 

4.2 PROCESSES AND ENERGY USE 

This section will discuss the typical operation processes employed in industry for the pre
servation of fruits and vegetables. When available. the energv input mix (electricity. fuel oil. etc.) 
will also be induded. 
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4.2.1 C..... Fruits ... v ......... 

The IJU'POSe of canning is to pack food in a container. usually of giass or tin. and to destroy 
all bacteria and enzymes in the product to prevent spoilage. A temperature in the range of 115.6 
to 121.1°C is sufficient to sterilize vegetable products while a temperature of 93.3°C is adequate 
for prepared fruits. Figure 4.1 shows the energy flow in the canning of fruits and vegetables. 

Only the best quality fruits or vegetables are selected for canning. The raw product is washed. 
sorted and prepsed by peeling. trimming. coring. cutting or diang. In certain processes. the prod
uct is cooked or blanched before canning while in others it is packed into the amtainer without 
any heating. The contairw is sealed under vacuum. sterilimd. cooled. packaged and stored. 

As seen in the diagram. steam is extensively l8ed in blanching. cooking. exhausting and seal
ing. and sterilization or retorting. Blanching is done by scalding the product in boiling water or 
exposing it to live steam for a brief period. Both rotary Mid pipe blanchers •e used in industry. 
the latter having the advantage of allowing continuous operation. 

Boiling pans or kettles are used to cook 1he product. The vessels of copper or stainless steel 
are jacketed for heating by steam and provided with agitators for stirring. Alternative methods of 
heating are by steam coils inside the kettle. an electric mantle or with direct-gas firing. 

Cookers may be operated under atmospheric pressure. under a vacuum or under internal 
pressure. 

Automatic filling milchines fill r? specified amount of product into the washed open cans. To 
prevent decay. a vacuum is created inside the can just before sealing by exhausting the air inside. 
This can be achieved with a mechanical exhauster or by exposing the filled can to steam or hot 
water before putting on the lid. 

Another heat treatment process to sterilize the product is retorting. The retorts come as 
horizontal. vertical or rotary types. but all use steam or hot water to supply the heat. Rotary re
torts allow agitation of the canned proD.K:t for greater heat penetration. 

4.2.2 Juices 

Juices can be pro.:essed from fruits such as pineapples. mangoes. and guayabano while the 
more common vegetable juice is tomato. Figure 4.2 is a generalized process chart for the extrac
tion and preservation of fruit and vegetable juices. The product is cleaned, sorted and trimmed 
before holing pulped. The liquid may be filtered Of screened to get a uniform consistency. Some 
fruit juices require clarification to improve their appearance while others are more appealing as 
extracted. Vegetable juices are usually canned afterwards. Fruit juices are preserved either by 

thermal processing. freezing or dehydration. Chemical additives such as sodium henzoate and 
sorbic acid are sometimes used as preservatives. 

The product is cleaned by washing in a tank, pressure spraying or brush washing. Manulll 
SOl"ting is used by small scale producers but sorting can also be done mechanically with roller 
sorters, roller conveyors with gaps between rollers where debris can fall, or with screen separators. 
It is common to use several methods in the sorting operation to eliminate as much dirt and con· 
taminants as possible. 

Trimming by hand is done on a conveyor belt to remove the vegetable tops, any decayed 
portion, or skin. Machines are available for the stemming. pitting, peeling or coring or fruits or 
vegetables which require these operations. 

Fruits are milled, pulped, or wound before pressing in a machine to extract their juices. 
Filter presses force the juice through a filter medium to separate the liquids from the solids. The 
force may be applied by a vacuum on one side of the filter or by external pressure on the product . 

. The acidity of juices is not conducive to the growth of bacteria and pasteurization is enough 
to stabilize the product. Less thermal energy than for heat sterilization is sufficient to inactivate 
most microorganisms. In flash pasteurization the juice is held at 88°C for less than a minute for 
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Figure 4.2 PIQCeSI Flow Cblrt for the ProcluctioB of Fruit :.md Vegetable Juice 

microbial inactivation. After heating. the product should imrr.ediately be cooled to avoid the 
ct.terioration of the nutritional value and quality of the iui~. 

A6eptic PITJClll6ing 

Aside from retorting, fruit juice can be preserved using the aseptic process. The product is 
rapidly sterilized and cooled before it is aseptically filled into sterile containers. Containers used 
are either conventional metal cans or pouches made of laminated plastic and foil. An advantage of 
this process is that the juice does not undergo quality changes identified with slow heating in the 
retorting system. Aseptically processed products du not require refrigeration during storage. 

In the Dole Aseptic Canning System the liquid product is pumped under pressure throudl 
the heating section of the sterilizer. It is brought to a temperature of 135 to 149°C and held there 
for the required length of time and passed to the cooling section. The process time is controlled by 
the flow rate of the product through the system, which is kept constant by the product pump. A 
controller-recorder type instrument automatically controls the process temperature and process 

time. 

Evaporation 

The juice is concentrated by evaporation in vacuum evaporators. SinglP. or multiple eft'ects as 
well as sintlle or multiple stages may be used depending on the kind of juice and the desired end 
products. Steam is used for high temperature applications while a heat pump can provide low 
temperature heat. Most modem uniu are provided with instrumentation for savings on labor cost 
and effective control of the process. 

Fruit juice, a highly heat-sensitive liquid, benefiu from the low temperat&.:re and short con· 
tact time offered by plate evaporators, a compact arrangement of gasketed·plates held together in 
1 frame. Sufficient plates to suit the duty 1re built up into units, each comprising a rising film 
(inlet) section and a falling film (discharge) section, together with adjacent steam passages. 
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Figure 4.3 shows the operation of one type of falling film plate evaporator. Fruit juice is 
distributed as a thin film over the left hand half of the heated plates. and boils at relatively low 
temperature as it falls. The partly concentrated product is separated from the vapor then returns 
to the right hand 5'de of the platet for completion of the evaporation process. Alternatively both 
sides of the plate.<; can be fed in parallel. 

4.2.3 ........ ,........ ..... Jelli• 

Fruits which are not good for the market but of sound qua=ity are made into jams, marrna· 
lades and jellies. These products are made by the addition of sugar to the fruit juice, the fruit. or 
both. 

Jelly is made by boiling the fruit to extract the juice. Sugar is added to the filtered juice and 
the mixture is concentrated ~/ evaporation. To get a jelly of good consistency, a gel must be 

formed by the right combination of acid. pectin and sugar. 
Jams are made of the fruit portions, fruit juice and sugar. Marmalades are made from the 

skin of citrus fruits, the juice and sugar. Figure 4.4 shows the process chart for the manufacture 
of jam and marmalade. Rapid boiling and vacuum boiling are batch methods of production while 
the use of plate heat exchangers allows continuous processing. 

In rapid boiling, water is evaporated from the mixture at atmospheric pressure in open·top 
steam heated pans. This method has the disadvantage of requiring large amounts of steam and 
labor. 

Vacuum boiling allows for accurate control of the process and a lower operating tempera· 
ture. Heat is provided by internal steam coils and cooling by water in vacuum vessels. A usual 
practice to save on water is to ~ecirculate the water through a cooling tower or heat exchanger. 

Plate type t,eat exchangers are uSP.d in the continuous concentration process. A high quality 
product is derived from accurate control of the process. It also has the advantages of requirin11 less 
labor, space, steam and maintenar.ce. 

4.3 ENERGY CONSERVATION POTENTfALS AND MEASURES 

Energy for heating and cooling is used not only in the preparation of food products but also 
in the packaging of the product. Ploducts mentioned in the previous sections such as juices, jams. 
marmalades and jellies are commonly packaged in glass bottles. Because of the large amount of 
water and steam used in bottle washing this process has been included as an area for energy con· 
servation. Other energ•: saving measures discussed are in the use of multi-effect evaporation sys
tems and modified atmospheric retorts for efficient energy use. 

4.3.1 Heat Exchangen for Eff~ient Atmospheric Retorts 

Atmospheric retorts are widely used for heat sterilization of processed fruits and vegetables. 
The energy balance across the boundary of a typical atmospheric retort, illustrated in Figure 4.5, 
shows that most of the energy of the incoming steam is lost by incomplete condensation of the 
steam in the water. Steam bubbles through the water without condensing and without releasing its 
energy to the watP~. Because uf the absence of control, heat is further lost when the temperature 
of the water (just telow 100°C) approaches the boiling point. 

The use of a heat exchanger as shown in Figure 4.6 provides more efficient heat transfer from 
the steam to the kettle water. Water is pumped from the front end of the retort through the heat 
exchanger and dii;tributed to different sections of the retort. More energy is available for heating 
the cans with the heat exchanger. A single heat exchanger can be used for Mveral retorts as in 
Figure 4.7. 
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Figure 4.8 Four-Effect Citn!$ Juice Ewpontor 
Source: Reference 2 

~ 4.9 Five-Effect Citrus Juil~e Evaporator 
Source: Reference 2 
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4.3.2&..,reeon 

One method 01 concentration. namely. evapora•ion. uses considerable energy to remove 
moisture. The following measures offer ways to minimize this energy consumption: 
(a) Use mechanical processes to minimize tne moisture which has to be removed by evaporation. 

Screw and filter presses lower the moisture content with relatively less energy. 
(b) Provide inslllation to minimize the escape of heat to the environment. 
(c) Maintain minimum possible vacuum needed; a vacuum higher than necessary is a waste of 

energy. 
(d) Proper maintenance will ensure that the evaporator is working at its peak efficiency. Oieck 

for leaks. particularly at the steam jet eiectors. Con~ant descaling will make possible the 
maximum transfer of heat between the steam and the prodllCt. 

(e) Mutliple effect evaporators remove more water with the same amount of steam than single 
effect evaporators. Water vapor evaporated from the first effects is used as steam to remove 
water in the next effect resulting in lower steam demand. As the number of effects increase. 
the energy requirements for the removal of a unit amount of moisture is decreased. In some 
cases. an existing evaporator may be modified to increase the number of effects. 

Shown in Figure 4.8 is a 4-effect citrus juice evaporator converted to a system with 
5 effects (Figure 4.9). In this case. approximately 20 per cent less energy will be required to 
evaporate a fixed amount of water. 

(f) Another method Nhich uses the water evaporated by steam is the mechanical vapor recorn· 
pression (MVR) evaporator. Water vapor from the product. instead of going to the conden· 
ser. is sent to a mechanical compressor. where it is compressed to a pres.c;ure high enough for 
it to be used as a heating medium in the steam jacket of the evaporator. (See Figure 4.108). 
The vapor condenses in the heating side of the evaporator. rejecting its heat to generate more 
vapor rather than being thrown to the cooling water. This .,recycling" of heat increases the 
efficiency of the system. 

Although energy is required to drive the mechanical compressor, this additional cost is 
very small compared to the savings acquired. An MVR-operated plant can be expected to 
have utilities cost of only 30 to 50 per cent of those of a steam-heated four effect evapora
tor. The absence of a condenser eliminates the need for cooling water, reducing ::ie opera
ting costs further. 

(g) For plate evaporators. thermo-compression reduces the steam consumption significantiy. In 
a double-effect se:c-up approximately 0.55 kg of steam is needed to evaporate 1 kg of water. 
With the addition of a first effect recompression the amount of steam needed to vaporize the 
same quantity of water becomes 0.39 kg. 

A triple-effect plant requires only 0.25 kg of steam to evaporate 1 kg of water. Five 
effect plants operate with a steam demand as low as 0.25 kg/kg of water evaporated. 

Preheating the feed can improve the efficiency of the plant. The feed temperature car. 
be raised by using vapor from the final effect or a portion of the water discharged from a 
spray type c-.ondenser. 

4.3.3 Hat •nd W1ter Recowery in Bottle Wmhers 

A schematic di•am of a bottle washing machine is shown in Figure 4.11. The bottles are 
deaned as they pass from different sections of the machine by soaking in or spray-jetting with 
hot water and detergent. Steam coils in the hot water tanks provide the Nat to the detergent 
solutions. The temperature ranges from ambient in the first section, up to a hil#i of 70 to S0°C, 
and back to a cool 10°C in the final rinse. Large quantitin of heat in the order of 500 kght are 
required to heat the detergent solution. Water at a rate of 10000 litres per hour and a temperature 
of 20 to 30°C removes the dirt from the bottle and is •Jsually thrown to waste. Considerable 
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amo ... 11 of hut mo• from one section of fie IMChine to the next• the bottles ere tnnsportmd 
through the system. 

Energy Cll'I be c:onsen.t with the ... of • hat and ... l"ICCVll y system • shown in 
Figure 4.12. Becatm of the presence of h9' and low heat sinks. a hat pump is an idnl device for 
ti eat recovery. low grade heat recovered throufll the two evaporators is absorbed by a refrigennt. 
•ieat is added to the refrigerant by the compressor and is rejected to the high heat sink at the con
den11rs. 

Water at 45°C from the final detergent tank is passed through a hut exchanger to raise the 
temperature of the pre-rinse w.ter. One str..-n of this water rejects heat to the first evapcntor 
hebe returning at 'JIJ°C to the fin.I detergent and final warm rinse tanks. The other stream is 
filtered. pmes through the second evaporator and returns as the final cold rinse water at 12 to 
15°C. 

Water from the fim detergent tank is raised from 55 to 65"c at the first condenser. The 
wand condenser raises the hiflt temperature section water from 65 to 80°C. 

The pre-rinse spray water supply is replenished with water from the final rinse tank and with 
overflow from the final detergent tank. The watr. is deaned in a filter togelher with any make-up 
water. 

4.3.4 Blllldlers 

Proper blanching is the first heat treatment process in the production of canned fruits and 
vegetables. The use of control instrumentation and modifications as itemized below will mir.i
mize the heat requirement of 1his processing operation. 

(a) Thennostatic Control/I/IS 

The maintenance of the correct operating temperatur£s throughout the blancher wculd be 
impossible without thermostatic controllers. The loading of cold product at the inlet causes the 
temperature in this section to vary considerably. Controlling only the inlet temperature would lead 
to a high outlet temperature. which can threaten the quality of the product. Providing both ends 
with temperature controls will result in a properly blanched product. 

Upon entry of the product. the inlet cools faster and the inlet controller compensates hy 
admitting heat at a rate proportional to the feed rate. At the middle section, the product is com
pletely heated and the outle!. controller limits the e;itty of heat for a correct temperature profile. 

(b) Hot Water Rat,,,,. than St1111tn for Blanching 

When applicable, the use oi hot water instead of steam for blanching will result in energy 
savings since the change of phase of water from liquid to vapor requires a si!r'ificant quantity of 
heat. 

(c) Sizing of Nozzl• 

Sizing nozzles according to the steam condition and process requirement will ensure the 
efficient transfer of heat to the product a~ coc,king of the product in the quickest time. In some 
applications, only hi• pressure steam delivered Vlrough small steam injection jets can provide the 
required heat treatment. 

(d) lnwlation 

Heat alwc.ys moves from the high temperature body to the surroundings which are at a lower 
temperature. Insulating the blancher will preVlf'tt the escape of heat to the atmosphere, eliminating 
w•te uf energy. 
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(e) sr..n Los 

A high steam pressure will cause 1he steam to bubble through the bllnCher water before it 
can 1rm1Sfer its heat to the wnter or product. Limiting the steam pressure will eliminate this waste. 
A pressure of 138 kPa wall be sufficient in most IPPlications. 

(f) &eem Inlet with Strainer 

Some operators purge the steam inlet line before every operation of the bl.nc:her. This 
wastes precious heat. The UR of a strainer in this line wm ensure that steam free from debris will 
enter the blancher even without regular purging. A 100-mesh stainless steel strainer will keep out 
most impurities. After installation. the frequency of purging should be determined by trial and 
error. Once this frequency is established. needless waste of steam can be aYOided. 

(g) Rt!Sidt!nce Time 

Too short a residen<:e time could result in ineffective bacteria elimination. On the other 
hand. ever-blanching might be detrimental to !he product and is certainly energy consuming. 
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<. ' &ergy CGllSelVltiall ii the Pncessilg If Grails 

5.1 GRAIN PRODUCTS AND PROCESSES 

The grain products involved in this chapter are flour and milled rice. 

Processing of rice involves harvestin~. threshing, drying, storing and milling. The flour milling 
industry not only produces flour from wheat but is also engaged in the blending and preparation 
of mixed flour for different purposes. 

5.1.1 Rice Processing 

' (a) Harvuting 
Harvesting of rice in the Philippines is mostly done by hand-and constitutes about 22% 

of the total labor time for rice processing. It is usually done by either of three popular ins· 
truments or methods: · 

(1; a yatab that cuts the panicles without the leaves; 
(2) a lingkaw that is efficient for lodged varieties because it lifts and twists the stems 

together and makes them easier to cut; 
(3) a sickle c,, scythe that cuts a number of stems at the same time. 
After the rice stalks are cut, they are bundled, piled ar.d left in the rice field for a few 

days before they are threshed. 
Mechanical harvesters are hardly used in the Philipp:nes because of the high cost of the 

machines. fragmentation of the farms and difficult soil conditions. 

(b) Threshing 
There are at least three methods of threshing used in the country: the hampasan, 

trampling and mechanical threshers. In the hampasan system, panicles are threshed by impact 
against a slotted board, pavement block, or piece of wood. The trampling method utilizes 
rubbing action for separating the grain from the panicle. The mechanical method of thresh
ing utilizes impact ar.d some stripping action to separatP. the grains from the panicle. Large 
tractor-drawn mechanical threshers used to be popular b~1t now locally fabricated o;maller 
units powered by 16-hp engines are becoming more widely used. 

(c) Cleaning 
The manual method of grain cleaning is winnowing. Straw. chaff. weed seeds, and other 

foreign materials are removed by utilizing natural wind or manually operated blowers. 
In the mechanical threshe• . cleaning is usually integrated in the process using an open 

double-layer oscillating •iev~. 

(d) Drying 

For satisfactory stor<sge and subseqUP.nt milling, the moisture content of paddy must 
not exceed 14%. The most common grain drying method practiced in the Philippines is 
sun drying. Grains are spread on a flat dry su,face, either on cement pavements or fiber 

• mats, and occasionally stirred or raked so that the grain will dry uniformly. 

35 



< 
) 

There is. however. a great need for mechanical driers in the country today because 
of the introduction of high-yielding. early-maturing. and non-seasonal varieties. Existing 
mechanial driers are few and very much below capecity. 

(e) Storing 
The prevailing grain storage practice in the Philippines makes use of warehouses 

where the grain is stored in jute or plastic sacks. Two systems of piling stocks are utilized. 
One is the conventional stacking method in which the bags are piled :;ide by side and one 
on top of the other. In this system of piling. there is.no ;>rovision for ventilation space 
between the bags. The other system. called the Japanese style. provides ventilation between 
the bags. It allows for the circulation of convective air currents that provide a medium for 
heat dissipation. 

On a commercial scale. but to a lesser extent. bulk or open storage is practised in the 
Phi!ippines. In this storage practice. the grain is poured on the floor of the warehouse or 
into silos. The former method is readily susceptible to attacks by storage pests and the latter 
cannot handle different varieties of grains. 

Small farmers use woven bamboo bin1. cans. barrels, boxes. woven bags and earthen
ware for temporary or permanent storage. 

As a result of these antiquated and inadequate storage facilities in the country. stored 
gram suffers from physical losses and deterioration. 

(f) Milling 
The rice milling equipment used in the Philippines can be classified loosely into: 

hand-:-'otmding equipment; Engleberg mills (kiskisan); disc hullers (cono mills); and rubber
roller mills. 

The most widely used are the Engleberg mills. which process about 40% of the annual 
paddy production. These mills are very wasteful. having a milling recovery of 59% or less, 
and the value of its by-products is low. However. only a small capital outlay is required for 
these mills and the milling fee is low. which makes them popular in the rural areas. The 
Engleberg mill suffers from the drawback that the required power is very high: a 4-hp 
motor gives an output of about 35 kg per hour, whereas the same power applied to a cono 
mill would provide about 1, 350 kg per hour. 

The mechanism for the disc huller or cono mill is shown ir. Figure 5.1. This mill 
produces an appreciably higher recovery rate (up to 68% by weight) than the Engleberg 
huller. In addition, head rice recovery is also higher and the deqree of milling can be more 
closely controlled. It is more fully attuned to commercial markets. The capacity ranges 
from less thar. 100 to 1,000 cavans of paddy per 12-h day. ONners generally derive business 
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from buying. processing and sellir.g milled rice unlike the kislcisan. which is largely a custom 
milling operation. 

The rubber roller shown in Figure 5.2. was developed in Japan. It produces the high
est total recovery when properly adjusted. It is avai!able in sizes ranging from below 100 to 
over 5.000 cavans per 12-h operation. The ru'"'"er roller has the highest technical efficiency 
but its drawbacks are: high equipment cost. high milling fees and costly spare parts. 

Figure 5.3 shows a comparison of recovery efficiencies for the three rice milling 
systems. 

In a larger-scale modern rice hulling plant. the machines which perform the various 
operations are listed in Table 5.1. Cleaning can be performed by a variety of sieves. travelling 
screens. screens in series. or a cylinder with holes of different sizes. A common equipment 
in conjunction with those listed in Table 5.1 is an aspirator which sucks dust. dead grain and 
other impurities. A magnetic separator removes any metallic objects suc.h as wires or nails 
which might damage any of the equipment in the succeeding operations. Hulling is per· 
formed either by a disc huller or a rubber roller. The mixture of hulls. broken rice. hulled 
rice and unhulled rice pass through a series of screens and winnowing fans to separate the 
hulled rice. 

Pearling is done by a cone mill to remove the outer covering. The cuticle is removed 
as the rice passes through a narrow annular space between an inverted cone coated with 
emery and a steel wirecloth. For white rice. two or three pearling cones in series are used 
before the rice is polished. 

To get rice with very fine appearance. rice is passed through a polisher. It is similar in 
construction and operation to the cone pearler except that instead of an abrasive, the cone 
is covered with leather. To improve the complexion of the rice. a second polisher may 
be used and a dry coloring agent added to increase the whiteness of the polished grain. 

5.1.2 Flour Milling 

The milling of wheat into flour is a continuous process. where three stages of operation 
are carried out, namely: cleaning, tempering and grinding. Figure 5.4 shows a diagram of flour 
milling operations. 

In the first step, the stream of wheat grain passes through the separators, reciprocating 
screens wnere stones, sticks and other coarse and fine unwanted materials are removed. Lighter 
impurities (e.g., dust and loosened particles of bran coating) are carried off by air currents. Rough· 
age and other impurities are sco•Jred by beaters in screen cylinders while magnetic separators 
remove iron or other steel articles. The cleaning process is completed when the wheat undergoes 

washing in a washer-stoner that spins the wheat in a water bath. Stones drop to the bottom 
while lighter materials float off leaving only the clean wheat. It is also at this point where differ· 
ent varieties of wheat may be blended to form certain flour qualities. 

In ttte tempering stage, the grains are moistened to toughen the bran preparatory to milling. 
From here, the wheat flows to a grinding bin or hopper where it is fed into the mill. 

In the grinding stage, the wheat grains pass between several pairs of break rollers that grad· 
ually split the kernels into pieces and flatten out the bran. Then. the flour is removed by sifters 
and carried to purifiers. The purified wheat granules (free of bran as possible) are clasiified 
by size for treatment by the reduction rollers. 

The process is repeated over and over again - sifters. purifiers, reduction rollers - until the 
maximum amount of flour is extracted. The various by-products are separated hut flour is reco· 
vered first in each step in the reduction of the kernels. 

As the flour proceeds to the packaging room, it undergoes bleaching, aging and color neutral
ization to suit the demands of the market. Flour is even enriched with thiamine, niacin, riboflavin 
and iron. For self-rising flour, salt and leavening agent (yeast) are also added. 
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TaW. SJ Operations and Machiniery in a Modem Rice Nulling Plant 

Opentions By-products recowsed Mahines 

Paddy scalping and Li!#lt forei"1 substances Scalping machine 
deaning (from rough Heavy foreiF substances Fan and screen separator 
to de;in paddy) Other seeds Rotary sieve classifier 

Specific gravity apparatus 
Indented disc separator 

Paddy awns (beards) Beards Awners (beard-cutting 
cutting (from bearded machine) 
to unbearded paddy) Fan and screen separator 

·-
Paddy grading (from paddy Paddy of different length Indented disc separator 
of non-uniform size to or thickness to be Grading cylinder 
uniform-sized paddy) separately processed Cellular or indented cylinder 

Paddy husking (from Husks Disk husker 
paddy to husked rice) Bran (stone bran) Rubber roll husker 

Germ Rubber belt husker 
Brewers Fan and screen separator 

I 
Rotary screen dassifier 
Paddy or compartment 
separator 

Grading of husked rice Unripe rice Gradin3 cylinder 
(from non-uniform to Husked rice of different Cellular or indented cylinder 
uniform product without length or thickness to be 
dead grains) processed separately 

Rice whitening or hulling Bran (bran and germ first Pearling or whitening cone 
(from husked to white and second break-white Tamping or hulling machine 1 

or hulled rice) bran third break) Combined huller and 
polisher2 

Rice polishing (from white Polish Polisher or brush 
or hulled ric.e to Combined huller and 
polished rice) polisher2 

Rice grading (from Second head rice Fan and screen separator 
a mixture of rice and Half-grain Rotary sieve ciassifier 
brokens to head rice White brewers Specific gravity separator 
and different sized Dead grains Indented disc separator 
bro kens) Grading cylinder 

Cellular or indented cylinder 

Glazing or oiling of Glucose and talcum lumps Helix screw machine 
polished rice (from Glazing or oiling drum 
polished rice to coated Fan and screw separator 
or oiled rice) 

Bran and polish shifting Pure bran Rotary sieve classifier 
(from a mixture of cargo Pure polish 
meal to pure bran and Germ 
polish) Screenings 

1. This mechine can also be uled for huskin11 and hulling in one operation. 

2. This mechine can also be used for husking, hulling and Polishing in one operation. 
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Figure S.4 Diqmnrnatic Sketch Showin1 Flow of Wheat Milled into Flour 
Source: Reference 2 
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5.2 ENERGY FLOWS II~ GRAIN PROCESSING 

5.2.1 Rice Proassil• 
As earlier described. drying of rice in the Philippines is mostly done by exposure to the sun. 

Locally developed small-farm driers are ricehull·fired. Elf:Ctricity is used in operating the blowers 

for these and larger mechanical drye!'S. 
All other processes require mechanical eriergy. Mechanical threshers are engine driven. Rice 

mills ar3 powered either by electricity or diesel engines. 
FigUl"e 5.5 shows the material and energy flow-diagram for riC'! milling. 

5.2.2 Flour Milling 
The only form of energy used in flour mills in the Philippines is electricity. Boilers are 110 

longer in use since steam is no longer utilized in the tempering process. The following are the p·i
mary energy consuming operations in flour milling. arranged in decreasing order: 

a. break rolls 
b. pneumatic conveying system 
c. receiving, blending.cleaning and tempering 
d. packing 
e. sifting 
f. purifying 
g. bagging 
The break ,.o11s and the pneumatic ~'"ying system use a major ~rtion of the electric con-

sumption . The basic equipment used are motors and air compresSC1rs. 
The rnaterial and energy flow-diagram for flour milling is shown in Figure 5.6. 
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5.3 ENERGY CONSERVATION MEASURES 

a. Increase the power factor. lmpro"i?ment of the power factor !rrerates savings in thP. electric 
bill. The method commonly usec! is the installation of capacitors either at the central sub· 
station or at each section of the milling operations. 

b. Limit peak loads. A sequence of actions for carrying out the leveling of demand in electricity 
is described in O.apter 6 (section 6.1.1). The start-up of large electric motors mu!>t be stag· 
gered to avoid the surge of power demand. 
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c.. Check for groundinJ. Mak~ sure that no electric line is grounded since this would register 

d. 

e. 

f. 

a reading in the electric meter even when no equipment is switched on. 
Shut down equipment not in use. While this is a common-sense procedure, equipment are 
left running without load. This should become a habit among personnel, whic:..'l extends to 
the use of lights, air-conditioners and office equipment. 
C<Jrry out an effecrfve preventive maintenance progr.:1m. This not only results in energy 
savings but more importantly in the reduction of downtime. 
Use the proper motor size . . Underloaded motors consume more electricity than needed and 
operate at low efficiency. Energy conservation in electric motors is discussed in Oiapter 6 
(section 6.4). 

g. Use high efficiency motors. Table 6.5 can be used as a reference in motor selection. 
h. Conserve energy in lighting. Substantial energy savings can be generated in lighting systems. 

Specific energy conservation measures are discussed in section 6.6. 
1. Use efficient rice mills . . Rubber rollers and cone mills are much more efficient than Engle

berg mills. However. the choice actually depends on which type would give the most profit· 
able operation. Energy is just one of the cost items. As much as possible, mill only properly 
dried paddy grains. 
Use rice hull as fuel for generating power. Large rice mills are particularly suitable for the 
installation of rice hull-fired boiler turbo-generator sets. 

k. Check for leaks in the pneumatic conveying system. A small leak downstream of an air com-
pressor represents a signific,mt power loss. 

5.4 APPLICATION CASE 

This section describes a successful case of ~sing rice hull as fuel for a thermal plant which 
provides electricity to run a ricemill. The plant is in the Southern Philippines Grains Complex of 
the National Food Authority in Tacurong, Sultan Kuda1at. 

a. Equipment Specifications: 

b. Plant Capacity 

c. Fuel Consumption 

d. Fuel Feeding 

e. Other Requirements 

f. Costs -

Total equipment cost 
Fuel price 
Labor cost 

a 

Siller and Jamart 
H RT Firetube 3-pass boiler 
400 Bo. hp. 
25 bars max. operating pressure 

13 tons of steam per hour 

4 tonnes of rice hull per hour 

From the husk bin, fuel is fed by means of overhead screw 
conveyor equipped with an oscillating flap for even spreading 
of fuei on the furnace grate. Fuel is normally fed dry and/or 
as received. 

Labor requirement is 3 laborers per shift. Total power input 
is 97 kW. Pollutio1. control devices installed are a water 
scrubber and settling tank. 

~8. 755 ,436.50 
~4.50/tonne, if from outside 
P'5.62 per hour 
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Energy Conservation in Cammon Food Processing Equipmellt 

6.1 COMMON EQUIPMENT 

The common equipment in food processing plants for which energy conservation measures 
are described in this chapter are: 

a. boilers 
b. steam systems 
c. motors 
d. compressed air systems 
e. lighting systems 
f. canning equipment 
Besides equipment-specific measures. two major actions may result in significant plant-wide 

savings in electric consumption. These are demand limiting and power factor correction. 

6.1. ~ Demand Limiti,. 

Demand charges are imposed by utility companies for peaks in the use of electricity during a 
given billing period. Savings nn be gained by leveling off the demand peaks. It is necessary to 
determine, first, whe:11 peak electrical requirements occur; second, the loads that are in use ; and 
third, the relative magnitude of the loads. Once a user has compiled this information, he can make 
his decision on opetation/power requirement shifts. The following are specific recommended 
actions: 
(a) Study the hourly variation in demand for the billing period. It may be necessary to install 

a demand recording meter. A wattmeter or a recording ammeter will be expedient. 
(b) Determine the rating of each '!lectrical load and the schedule of operation. 
(c) Identify each electrical load as either primary or secondary. A primary load cannot be 

interrupted; a secondary load can be interrupted, rescheduled or difused without causing 
problems. T 'fPical secondary loads are: 
(1 i lighting 
(2) electric heating and/or cooling units 
(3) chillers 
(4) air handhng units 
(5) exhaust fans 
(6) water heaters 
(7) pumps 
(8) electric boilers 
(9) furnaces and/or ovens 

(10) incinerator• 
( 11 ) air compressors 

(d) After identifying secondary or sheddable loads, establish shedding prioritic•. giving essential 
secondary loads toP priority, operating on a l•t-out first-in basis; lower priority loads should 
operate on a lirst-out last·in basis. 
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(e) Determine the potential impact of shedding on process comfort. productivity or environ
ment. Effect on equipment should also be studied since fteQUent operation of controls may 
shorten life eJ(plCtancy m inaease maintenance. 

(f) After identifying controllable loads and priorities. determine how much demand reduction 
can be obtained and the most cost-effKtive means for achieving this reduction. The mea
sures indude: 
(1) rescheduling the operation of certain equipment; 
(2) installation of time-switches; and 
(3) use of demand control meters which automatically shut dowm low priority equipment 

when a preset demand level has been reached. 

6.1.2 Pow F-=tor Comction 

Power factor is the ratio of power producing current to total current in a circuit. Devices 
such as induction motors. transformers. fluorescent lights. induction heating furnaces. etc. require 
two kinds of current. reactive and power-producing current. The latter is the current converted by 
the equipment to useful work or heat. Reactivt: current is required to produce the flux necessary 
to produce induction. A plant with a low po1Nel" factor consumes large reactive current. A dev:ce 
installed in a plant to improve the power factor actually generates most or all of the reactive power 
needed to set up the magnetic fieid of induction devices and thus reduces or eliminates the need 
to supply this power from the distribution system. 

Several devices are available for power factor improvement: the two most popular are power 
factor correction capacitors and synchronous motors. There a•·e two methods of installing capaci
tors. The first method is b3nk installations. in which a group of capacitors is connected at a central 
point such as the main switchgear or unit substation. The other method involves the installation of 
individual capacitors on each equipment ¥.ilich requires power factor :mprovement. The latter is 
more expensive but has more advantages in improved voltage regulation and reduced power losses. 
Capacitor installation is economically justified in many cases and requires practically no mainte
nance. 

Synchronous motors are sometimes used in place of induction motors because of their 
ability to operate at a high leading power factor or even at a power factor of unity. They can do 
many jobs commonly done by induction motors, particularly when the load is steady and reason
ably continuous. 

A method of quick estimation of energy savings from power factor improvement is given 
in Reference 7. 

62 BOILERS 

Food processing plants use boilers to generate steam for cooking. heating, pasteurization, 
sterilization and other processes (See Table 6.1). Boilers are of two general types: firetube and 
watertube. These in turn may be obtained in several different styles. The type which is most com· 
monly used in food processing plants is the firetube either in the horizontal return tubular (HRT) 
or Scotch marine styles. These are generally operated at pressures usually not exceeding 1034 kPa. 
A typical firetube boiler is shown in Figure 6.1. The watertube type is mostiy used in larger instal· 
lations involving year-round operations and where large amounts of steam are required and where 
very hi~ boiler pressures are u::;,!. 

Energy conservation result~ in minimizing energy losses. Br:!.:1 losses are indic:ated in the 
diagram shown in Figure 6.2. 
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(a) Combustion System 

(1) Seal all cracks and holes around tuners to prevent air infiltration. 
(2) Avoid using fuels with large amounts of free moisture. Drain water tro.n oil storage 

tanks and coal bunkers. 
(3) Keep all air and fuel supplies to the firing equipme.lt as constant as possible. Avoid 

fluctuations in pressures and composition. 
(4) Reduc:e losses from unburned fuel by improving firing conditions. Look for poor 

atomization. poor mixing and other causes of incomplete combustion. Table 6.2 gives 
visual indications of burner flame condition. 

Table 6.1 Uses of Stma ill Food lndaseries 
Source: Refcn:nce 9 

Blanching 
Direct - Stum blanching 
Indirect - Water hating 

Cooking 
Direct - Stum iniection 
Indirect - Jacketed kettles. etc. 

Concentrating 
Direct - Steam iniection 
Indirect - Jacket. tube. ~c. 

Pre-Heating 
Direct - Steam iniection 
Indirect - Jacket. tube. etc. 

Peeling 
Direct - Scalding. pressure peeling 
Indirect - Heating. lye solution. etc. 

Soaking 
Indirect - Heating water 

Washing 
Indirect - Heating water 

Exhausting 
Direct - Stum exhaust boxes 
Indirect - H<:oting water 

Cosing 
c.ns - Steam iniection 
Glass Containers - Steam injeclion 

Deaeration 
Preheating - Direct or indirect 
Vacuum. Production - Steam 

ejectors 
Processing operation 

Dehydration - Steam radiators 
Pmteurization 

Direer steam injection 
Indirect - T&.bular or pllte 

heat exchanglfs 
Water a>okers 

Sterilization 
Direct - Steam injection 
Indirect - HTST processing 

Atinospheric c:ookei s 
Pressure retorts 

Pllnt Ind equipment sanitation 
Direct 
Indirect - Waterhming 

Pressure. moisture content. JUity 
Pressure and purity 

Pressure. moisture content. purity 
Pressure. moisture content. purity 

Pressure. mokture content. purity 
Pressure. moisture cor.tent, purity 

PresP.n. moisture content. purity 
Pressure. moisture content. purity 

Pressure. moisture content. purity 
Pressure 

Pressure and purity 

Pressure and purity 

Pressure. moisture content. purity 
Pressure 

Pressure. moisture content. purity 
Pressure. moisture content. purity 

Pressure. moisture content, purity 

Pressure. moisture content. purity 

Pressure. .>isture content, purity 
Preaure. :noistwe content, purity 
Pr .. ure. moistwe content, purity 

Pressure. moisture content, purity 

Pressure Ind purity 
Pressure and purity 
Pr .. ure and purity 
Pressur" Ind pwity 

Pr .. ure. moistwe content, purity 
Prtaufe. moisture content, purity 
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Dry. S111unlted. IGW pressure 
Dry. Sll1Urated. low pressure 

Dry. saturated. high pressure 
Dry. saturated. hitfl pressure 

Dry. satwated. high pressure 
Dry. saturated. high pressure 

Dry. saturated. high pressure 
Dry. saturated. high pressure 

Sdur'Jted. hi_, pressure 
Sirtwated. low pressure 

Saturated. low pressure 

Saturated, low pressuu 

Saturated. low pressure 
Saturated. low pressure 

Dry. saturated, high presu'e 
Dry. satwlted, high pressure 

Saturated. low presswe 

Dry cone .• h~ pressure 

Ory. uturlted, low pressure 
Saturated, low pressure 
Ory. uturlted, low pressure 

Ory saturat9d, low ~ 

Ory. saturated, h9\ prnsure 
Ory. saturated, h~ pressure 
Saturated. h~ pressure 
Saturated, hi_, pressure 

Dry. 11tw1ted, low presaure 
~urltld, low prt11Ure 



~-- FRE TUBES 

Figure 6.1 Typical TJne.hss ....... Fn·Tube Sle1111 Generator 
Source: Reference 6 
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Table 6.2 Visml lnclbtiom of Burmr Fllme Condition 

Source: Reference 8 

Indication C.U. / Condition 

Bri!ttt yellow flame verging on Burner properly adjusted 
whiteness. no traces of smoke 

Long, smoky flame Insufficient combustion air. or 
insufficient atomizing steam 

Reddish, dusty flame with flecks Deficient combustion air 
of smoke over the bri!#lt part 

Thin white flame Too much excess air. or too much 
atomizing steam 

One-sided flarne, or sparking on one side, Burner tip is dirty. and oil is not 
or showing sprays or streaks of blackoil atomizing properly 

Uneven flame Burner tip is dirty 

(5) Reduce excess air and imP,ove efficiency by using the lowest air·fuel ratios that will 
not cause combustion problems. (More discussion on this below). If excess air cannot 
be reduced to an acceptable level, overhaul or change the firing equipment. 

(6) Clean tubes and other fireside heat exchange surfaces regularly or as soon as a pre
determined temperature is reached. Cleaning should be thorou!#I. 

(7) Observe burner flame when unit shuts down. If flame does not cut off immediately. 
it could indicate a faulty solenoid valve. Repair or replace valves as necessary. 

(8) Be sure oil strainers and filters are kept dean. 
(9) Investigate the economics of using compressed air instead of steam for fuel atomiza· 

tion or soot blowing. 
(10) Use waste materials as boil9f' fuel. 

Rmluce exCISI •ir to minimum 

Savings from energy conservation through the reduction of excess combustion air can 
be determined from a nomograph (see Reference 7). Typical energy savings amount to 5 
percent of the energy cost in operating a boiler. 

It is common practice to use high excess air in a boiler furnace to ensure that air is not 
deficient, which is bad for three reasons: (1) it decreases efficiency, (2) it resulu in soot 
formation; and (3) the flue gases become potentially explosive. However, high excess air 
imposes an additional and useless heating load on the furnace. 

Excess air is detected by measuring the oxygen level in the flue gas. The instrument 
used can be an Orsat analyzer or a Hagan cell. Once the percent oxygen has been measured, 
the excess air can be determined fromtables(see Reference 16). It must be remembered that 
air leaks can result in a false reading and so these must be plugged. 

Excess air can be reduced to as low as 12 percent for Diesel oil and 15 percent for 
Bunker fuel. The following is a suggested sequence of actions: 

(1) Make a smoke test and adjust air supply to give the correct smoke number, as reoom· 
mended by burner manufacturers. 

(2) Oteck the draft and adjust the draft stabilizer as necessary. 
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(3) Oleck the C02 concentration in the flue gases and re-adjust the air supply to give the 

C02 reading recommended by the m•ufacturer. 
(4) Re·test smoke and adjust the air supply again. and repeat alternate C02 and smoke 

tests until the right values are obtained. 

Each adjustment of the air supply to correct the C02 concentration will. of course. affect 
the smoke density and vice versa. The necessary adjustment grows smaller each time until the 
correct air supply is achieved, giving the right values for both smoke and C02. 

Investment for the installation of improved combustion controls and instrumentation is 

usually justifiable. 

Low excess-air burners are available which reportedly can achieve complete combustion of 
oil with as low as 3% excess air. However, these burners require sophisticated control systems. 

R9tt'Ofit boiler 1D ._ refuse a fuel 

Many plants generate a large amount of combustible refuse which can be used as boiler 
fuel. Examples of these are rice hull. oil palm resid~. coconut shells and husks. wooden 
crates. cardboard boxes. paper wastes and doth rags. A firetube boiler retrofitted to bum 
oil palm residues is shown in Figure 63. Reference 6 is a useful guide for retrofitting oil-

fired boilers to use solid wastes as fuel. 

lb) 

Figure 6.3 The Boiler of Menzi Apicultur.al Corporation: (a) Before Retrofitting, 
(b) After Retrofitting to Filina with Palm Oil Residues 
Source: Reference 6 
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(b) Flue Gases 

(1) Otec:k smoke coming out of the stack; it should be free of haze. If not. burner adjust· 
ment is probably necessary. 

(2) Check boiler stack temperature and keep log. If it is toe h9' (more than 66°C above 
steam or water temperatwe). dean tubes ind adj:Jst fuel burner. 

(3) If stack temperature is over 1 n°C. consider installing I finned-tube economizer or a 
regenerative-type air heater. Many packaged process-steam boilers have an optimum 
efficiency of about 85'1. at a stack temperature of 177°C. In general JVery temperature 
rise of 4.4°C reduces efficiency by about 1". 

(4) Use hot flue gases to preheat comtution air. 
(5) Use flue gases in radiant heater for ovens and dryers. 

Boiler flue gases are rejected to the stack at least 38°C to 66°C h9'er than the tempe
rature of generated steam. Heat remvery can be accomplished by either installing an econo· 
mizer to heat the feedwater or an air preheater' for the CO.'Tlbustion air. Norn1aiiy. an eco
nomizer is preferable to installing an air preheater. although the inclusion of an air preheater 
should be given careful consideration in new iMtallations. 

a J STACK MOUNT bl PAO-MOUNTED 

rl9 
II 

cl DUCT BYPASS ~ow 

d J DUCT BYMSS DOWNFLOW eJ DUCT MOUNT 

Fipre 6.4 Typical lmtallations of an Economizer 
Source: Reference 12 
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Install • Economizer to RecoYer H•t from Flue Gnes 

There are economizers available which can be economically retrofitted to boilers as 
small as 100 hp capacity. Typical installations are shown in Figure 6.4. 

Typical annual savings is around 3 percent. An economizer is appropriate only if 
insufficient heat transfer surface exists in the boiler to remove the heat released in the fur
nace. Also. it must be remembered that with conventional economizers. there is a mini
mum temperature to avoid corrosion. If the flue gas temperature exceeds the minimum 
allowable temperature by 10°C or more. an economizer may be economically justifiable. 
Several economizer manufacturers should be consulted for quotes when considering purchas
ing an economizer. The following is a suggested sequence of actions: 

(1) Determine the stack temperature c.ft.:r ille wiit=r nas D.!en carefuiiy tuned up. This 
includes operating as close to optimum excess air level as possible and keeping al! heat 
transfer surfaces clean. 

(2) Determine the minim•n-n temperature to which stack gases can be cooled. 
(3) Study the economics of installing an economizer on your boiler. 

Preheat the Combustion Air 

A combustion air temperature rise of 4.4°C yields an approximate 1 percentage point 
improvement in efficiency. 

The air circulation system can be modified so that the hot air near the top of the 
boiler room is drawn in as the combustion air for the boiler. This is illustrated in Figure 6.5. 
In this system. boiler room doors and windows should be closed. 

For larger boilers. a heat exchanger for preheating air can be installed in or near the 
stack. 

BOILER 

Fipre 6.S Capturing Waste Heat in the Boiler Room 
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{c) Sten and Wat• 

_{1) 

(2) 

• (3) 

(4) 

(5) 

(6) 

(7) 

(8) 

Insulate both hot and cold process and heating lines. and all steam pipes, for maxi· 
mum energy conservation. 
Replace all obsolete packed steam expansion joints with bellows joints to prevent 
steam leakage . 
Investigate the economics of replacing leaky. high-maintenance gate-type steam v.1lves 
with lowinaintenance ball valves. Modem ball valve designs are available for up to 
1724 kPa steam duty. (Ball valves are not designed for steam throttling service.) 
Return all condensate to boilers. In additior. to saving expensive water treatment 
compounds considerable savings in fuel oil may be realized. 
Consider improved water treatment to minimize scale formation. For instance, a mere 
1.6 mm of scale can reduce boiler heat transfer by 12%. 
Analyze and monitor total dissolved solids (TOS) to reduce any excessive blowdown 
with its resuitant waste of treated hot water. 
Reduce blowdown rate. 
Recover heat from boiler blowdown. 

Return condensate to boiter 

The amount of fuel used for steam generation can be reduced 10 to 30% by returning 
steam condensate to the boiler plant for use as feedwater. Reference 1 gives procedures for 
estimating the energy savin9' that can be generated. 

Carryout water treatment 

Waterside cleanliness is very important in maximizing heat transfer. Scale or deposits 
which build up on the surfaces of metals serve as an insulator. The best solution is proper 
water treatment and periodic cleaning. 

An indicator for scale or deposit buildup is the flue gas temperature. If at the same 
load and same excess air the flue gas temperature rises with time, this is probably due to 
scale or depc:sits. Visual inspection can confirm this. 

The major water quality parameters along with the approximate limits and residual 
concentrations for boilers under 1380 kPa absolute are shown in Table 6.2. A more de
tailed discussion of water treatment is presented in Reference 5. 

Reduce blowdown 

Boiler blowdown is required to maintain dissolved solids concentration in the boiler 
water at acceptable levels. This operation is wasteful of energy since the purged water it 
hot. Reducing blowdown can result in annual saving1 of 1 percentage point. Reference 1 
contains graphs useful for estimating energy savings from minimizing boiler blowdown. The 
following is a procedure for checking blowdown rate: 

(1) Check to be sure mud blowdown is being used only for the removal of sludge. 
(2) Omerve the closeness of the various water quality parameters to the limits shown 

in Table 6.3. If alkalinity is near its maximum while TOS is much less than its limit, 
the treatment process can be changed and blowdown reduced; consult an expert. 
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WATER 

Feedwater 
Feedwater 
Boiler water 
Boiler water 
Boiler water 
Boiler water 
Boiler water 
Boiler water 
Condensate 
Condensate 

Tlble 6.3 Major Water Quality Plnmeten 
Source: RefCJUce 8 

PARAMETERS LIMITS 

Softness less than 1 ppm 
Oxygen less than 20 ppb 
Hardness less than 1 ppm 
Ph 9.5-11 
TDS less than 3500 ppm 
Sulfite 30-60ppm 
Alkalinity less than 800 ppm 
Phosphate 20-40ppm 
Ph 7.5 
TDS less than 20 ppm 

• 

(3) Chet:k other water quality parameters using standard chemical tests. These tests 
measure the residuals of phosphate or chelant and sulfite as well. Also. the level 
of TDS. alkalinity. suspended solids and silica should be determined. 

(4) Adjusting the blowdown rate will change TDS. alkalinity, suspended solids and silica. 
The residual of any chemical feed is also affected by blowdown but should be changed 
by adjusting the chemical feed rate. 

RICOYer hut from blowdown 

Heat can be recovered from boiler blowdown by preheating the make-up water with 
the use of a heat exchanger. This is done most conveniently in continuous blowdown 
systems. The following is a suggested sequence of actions: 
(1) Determine the methods and quantity of boiler blowdown. 
(2) iJetermine the savings due to heat recovery. (Use Reference 7 l 
(3) Determine the cost of installing a heat exchanger and evaluate the economics. 

To recover heat from blowdown. a tank into which the steam is expanded can be 
installed. This tank causes scme of the blowdown water to flash to steam. The steam is 
then used to preheat the feedwater. The remaining liquid effluent from the flash tank can 
be run throu~ a counterflow heat exchanger to preheat feedwater. 

6.2.2 Con•rving Energy through Boiler Maintenance 

To perform optimally and conserve energy, a boiler must be properly maintained to be 
"clean" and "tight", Clean is a condition where the boiler firesides are free from soot and ash 
deposits and the watersides are tree from scale and corrosion. Tight refers to a boiler free from 

water, steam and air leaks. 

(a) Keeping a Boiler Clean 

To maintain a "clean" boiler. periodic cleaning of firesides is recommended. Soot and 
ash should be removed to prevent corrosion. Burners should be cleaned and repaired if 
necessary. When the boiler is out of service. check the ignition system for proper flame 
performance. Improper flame adjustment (i.e., incorrect fuel·air mixture) causes boilers 
to operate at lower efficiencies and thus increases operating costs. To ensure clean water· 
sides, periodically analyze the feedwater, steam condensate and blowdown. lmPUrities of 
dissolved minerals and gases in the water supply tend to cause scale, corrosion, carryover, 
and caustic embrittlement in boilers. Proper treatment can prevent or control these water· 

side problems. 
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(b) E,.,;r., a Tlf/ht Boiler 

There .. three general maintenance practices to ensure that a boiler is .. t9't... They .. : 
(1) Oteek steaming pressures 
(2) Investigate abnormal water losses 
(3) a.ck for IHking tubes 

Steaming pressures should be observed to check for sudden drops or increases in pres· 
sures. It is important that gases used should be dependable. Replace old. worn out. or 
faulty gages with reliable ones. Defective safety valves are a common cause of safety hazards 
in boilers. When a valve fails to open at the set pressure. the usual cause is a building up 
of corrosive deposits around the bottom of the valve. The valve will then leak rather than 
open. 

Abnormal leaks should be immediately investigated. A leak is generally indicated if a 
:X,iler loses more than 76 mm of water per month. This is determi11ed by the amount of 
makeup water used. Makeup water should be kept to a minimum sinceitcontainsundesirable 
amounts of oxygen and carbon dioxide. 

Leaking tubes must be repaired. A leak is usually indicated by an unusual "hiss" or 
a sudden demand for feeewater without a corresponding increase in load. A thorough ins
pection inside and otJ~ is imoortant to t?nsure that all leaks are discovered and repaired. 

Regular checkup allows early correction of incipient failures and eliminates excessive 
maintenance expenditures. 

(c) Boiltll' Operation and Maintenance 

Guidelines for boiler operation and maintenance which are important in energy 
conservation are enumerated below. More detailed preventive maintenance measures are 
found in Reference 5. 
(1) Continued training of boiler operators is essential, particularly in full load operation 

with alternate fuels. 
(2) Each boiler installation should include an on-stream gas analyzer to measure directly 

the volume by pertent of oxygen and combustibles in flue gases. This should be 
monitored as often as necessary. If there is excessive air in the flue gases, the boiler 
fuel settings should be corrected immediately. 

(3) Each installation sho:.Jld have and use a stack gas temperature monitoring device. 
(4) Instrumentation and auxiliary equipment must be kept in first class condition. 
(5) Boilers should be frequently checked for cleanliness and condition. 
(6) Watch for unequal loading when boilers are operated in parallel on a common pressure 

controlled fuel line. 
(7) Reduce boilers to low pressure on weekends or during low or non·production shifts, 

using the minimum pressure and number of boilers possible. / 
(8) Use waste steam or hot water from production operations for preheating boiler make· 

up water or use clean, wasted hot water for boiler make-up. Some examples: 
(a) If a vent blowdown manifold is used at retort installations, a water line instailed 

in the manifold could utilize heat from the steam for preheating boiler make·up. 
The vent manifold would have to be sized large enough to meet requirements in 
the Good Manufacturing Practices Regulations 21 CFR 113, subtracting the area 
occupied by the water line. 

(b) If cans are cooled in the retort, suitable piping arrangements can be made to 
utilize the initial hot water for boiler make-up water. 
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(c) In water processing of glass containers the steamwater mixture from the pressure 
regulating valve overflow could be used for boiler ma-'<e-up water or for heating 

boiler rr.ake-up water. 
(9) Investigate alternate sources of boiler fuels, such as filtered compressor lubrication oil 

or re-cycled motor oil. 
(10) Check steam distribution system for losses: 

(a? Keep insulation in good condition. 
(I:) Cleek condensation return system for malfunctioning traps and leaks. 
(c) Cleek for excessive steam vented to the atmosphere. 
(d) Monitor use of treated make-up water; excessive use ir.dicates losses needing 

correction. 

6.3 STEAM SYSTEMS 

A typical steam circuit is shown in Figure 6.6. \ftlhen the boiler crown valve is opened, steam 
immediately rushes out into the main and goes through the steam distribution pipew~rk to process 

equipment. 
Energy losses occur in steam distribution and utiliz2tion through the condensation of steam. 

leaks and radiation heat losss. Sources of energy loss as wei: as ways of reducing these losses .are 
shown schematically in Figure 6.7. For effective energy management. it is important to measure 
steam consumption. A steam metering installation is shown in Figure 6.8 where the metering is 
done downstrei!m of a good quality reducing va•ve which maintains constant pressure. 

To mai ltain good quality steam, it is important that it remains dry and frae from air and 
non-condensoble gases. Some provisions should be made to get these unwanted elements out of 
the steam space. In steam-using plants today, there is a general lack of water drainage and air 
venting. Resulting problems could indude reduced heat output. wear in the control valve and 

occurrence o~ Nater hammer 
A common fault in many installations is that water formed by the condensation of steam 

due to radiation is allowed to accumulate upstream (high pressure side) of the pressure reducing 

valve. This should be drained. 
Dur!ng the process operation. clouds of water vapor are often seen in the work area. This is 

extremely wasteful and indicates utilizing higher steam pressure than necessary. It would be better 

Figure 6.6 Typical Steam Circuit 
Source: Reference 7 
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to use lower steam pressure. thus less steam will be needed and vapor douds reduced. Consulta· 
tion wi\h a steam expert may be necxssary on this subject. 

There are opportunities for conserving energy when one or more of the following situations 
exist in a steam system: 

a. Steam lines are bare. 
b. Insulation on stHm and condensate lines are faulty. 
c. Lines and valves are leaking. 
d. Steam lines are noisy. Noise in the lines indicates the presence of condensate which 

must be removed. 
e. Steam traps are of the wrong size. A stream trap serves to remove condensate in the 

steam line. It cannot effectively function if it is not of the appropriate size. 
f. Steam condensate is thrown away. 
g. Steam coils in processing tanks are dir y. 
h. High pressure condensate is available. 

6.3.1 Factors Affecting Energy U• in Steam Systems 

(a) Boiler efficiency. A boiler which mus~ cope with a peak load above its rating will operate at 
a reduced efficiency. As a result, the boiler may not be effective in providing good quality 
steam at the right pressure and at the right time. 

(b! Distribution. The distribution system must supply steam to the process area in the ri!#lt 
condition and in the right quantity. This requires minimizing losses along the line. 

(c) Utilization. Proper utilization of steam requires seeing to it that the steam generating plant 
is properly loaded W.-.en steam is used, selecting and maintaining corr.ect steam temperatl•res, 
absenting correct drainage and air-venting practice!. and shutting down the boiler when steam 
is not needed. 

(d) Recovery of condensate. Con~ensate represents useful heat which can be recovered. 
(e) Maintenance. Energy is conserved whrn reducing valvf:S, temperature controls. steam traps, 

insulation, and other facilities are maintained in good operating condition. 

6.3.2 Energy Conservation Measures 

(a) Steam Distribution 

(1) Operate boilers at their designed pressures. This avoids prirning and generation of wet 
steam. Distribution at high pressure requires smaller mains, and by local pressure 
reduction, dry ste:tm at the required pressure can be more readily assured. 

(2) Set pressure-reciucing valves to provide a pressure at e2ch point of use that i:; no higher 
than is absolutely necessary. 

(3) Where large amounts of high-pressure steam are used for low-pressure applications, 
look for ways of generating useful work in pressure reductior •. Steam turbines for 
power generation may be installed where feasible. Steam p;esi;ure may also be reduced 
by using it to drive air compressors. 

(4) Where a widely fluctuating steam load exists, oonsidP.r the use of an accumulator to 
enable operating the boiler more steadily and hence more efficiently. A steam accumu· 
lator is a pressure vessel containing water into which surplus steam is fed to raise its 
temperature. At peak demand times, the hot water provides steam at a lower pressure 
for suitable process u~s. 

(5) Develop regular iMpection and maintenance schedules for all heat distribution facil· 
!ties. Include joints and fittings, particularly steam traps. Initial inspections commonly 
reveal that as t'.igh as 7 percent of the steam traps in a plant are leaking. 
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(6) Correct all faults in the st•m distribution system - particularly leaks - as soon as 

they •re noted. 
(7) Simplify all heat distr;bution systems Md remove or seal off sections no longer in use. 
(8) Insulate all hot pipes and other surfaces and enU"e that the insulation does not 

become crushed or waterlogged. 

(b) Steam Utilization 

(1 ) To reduce steam requirements. determine for each process equipment. the optimum 
steam pressure. process temperature and time. Control~ factors automatically. 

(2) Load process eq&;ipment to apecity but do not overload. Reduce the m:mber of units 

in use. 
(3) Improve heat transfer rates by agitating or stirring the materials being heated and keep· 

ing heat exchange surfac:ea dan. Use dry steam £nd drain condensates quickly. 
(4) Preheat incoming material by using heat recovered from other processes. In drying 

processes. remove water by meclwlical processes such as allowing time for dripping or 
spin drying. 

(5) Cut down waste .a owrprOCllSSing. Matsials should be removed immediately when 
they reach the desired conditiOP. 

(6) When the direct st..n injection is used for heated tanks and vats. consider other possi· 
ble methods like indirect steam heatir.g with thermostatic control or direct-fired im· 

mersion tubes. OIOOll the most c:ost...tt..'"tive system. 

(c) 11.r RecoWlf)' f1om Stmm 

(1) Make sure that there is a cost-effective use for recoveree heat. The operation is point
less if there is no use for it. 

(2) Keep recovered condensate hot a.""ld clean but minimize the amount produced before 
concentrating on recovery. 

(3) Keep a record on the volume and temperature of recovered condensate. the volume 
and tem~rature of make-up water and the temperature of the feedwater. When 
changes occur, investigate the reasons. 

(4) Make sure that condensate and feedwater tanks are properly insulated. They should 
be high enough to avoid pumping problems and large enough to preveflt overflows. 

(5) Recover flash steam whenever :here is a use for it in a lower-pressure application. 
However. give priority attention to schemes which result in larger savi;igs. A recovery 
'ystem for flash steam is shown in Figure 6.9. 

(6) Select the correct steam traps and keep them properly fitted. protected. deaned ~nd 
maintained. 0.ecking of ste;-m traps is i:lustrated in Figure 6.10. 

6.4 ELECTRIC MOTORS 

Much of the electricity consumed in a food processing plant is used up by motors. Motors 
serve as prime movers for such equipment as pumps, conveyors, compressors, can-sealing machines. 
and a variety of other equipment. Figure 6.11 shows the major sources of electric motor and drive 
IOQes. 

Motors can be classified as single-phase or polyphase. Single-phase motors are mostly of frac· 
tional horsepower capacity. They are commonly the induction type and include the following 
sub-types: shaded-pole. split-phase, capacitor-start, permanent-split capacitor, and universal. 
Typical applications are fans. small pumps. compressors, commercial appliances, business equip· 
ment and farm machinery. Table 6A gives the characteristia and applications of single·phase 
motors. 
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Polyphase motors are usually available in capacities of 1 hp or larger. They are of three 

types: induction. synchronous and multi-speed. Table 65 summarizes the ch.acteristics. applica· 
tions and efficiencies of induction motors. Synchronous motors have a higher efficiency than 
Induction moto!"S of equivalent rating and can impro• the system power factor. \\'hen efficiency 
is a power synchronous motors might provide the solution. When system power factor improve· 
ment is a primary consideration. a OB leading power factor synchronous motor may be chosen. 
Multi-speed motors can be designed for variable torque. constant torque or constant horse~. 
For optimum efficiency. it is important to select the correct multi-speed motor characteristic 
for the load at all operating speeds. 

6.4.1 Energy Cotaser••tion Mwures 

Potentwls for conserving energy in electric motors can be found in the following areas: 
(a) Selection of motors 
(b~ Maintenance of motor and motor-driven equipment 
(c) Improper voltage 
(d) Transmission losses 
(e) Use of variable speed motor controllers. 

Nomographs for quick estimation of energy savings from the following actions are available 
in Reference 7. They involve motor selection. 

(1) Replace underloaded motors. It is not uousual to find in a plant motors running 
lightly loaded. Light loading causes a motor to operate at low po~ factor and •educe 
efficiency. Low power factor results in hi~ billing kWh for the sam.? kWh consump
tion. Reduced efficiency means using more electricity than needed. Both contribute to 
a higher electric bili. 

Table 6.6 is a useful reference for specifying motor size for a given load. Note. 
for example, that a 60 h~ design B motor with synchronous speed of 1200 rpm ope
rating at half load may possibly be replaced t.y a 30 hp motor at full load. Efficiency 
of both motors under these loads is the same at 88.541.. The choice now depends on 
first cost consideration and the limitations of the smaller motor to loads of 30 hp. 

Fipre 6.11 2-.;y 1..-. in Electric Moton 
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Table 6.4 Alterutilla-C..._t. .......... Fnctioul-llanepower 

Moton Rated 1/10 to I Horsepower. 250 Volts or Less 
Source: Refaeacc 3 

111111 1111 ._Tw- "" 
..... ,...., .,.... 

T...-

F-
Dirat*ift ............. D Dll l(llit apsiW l/»1 1125 1075 125 .._ 

Sllldldpall 1/»114 1Ri0 1050 8llO .._ 
Split-- 1/»112 1725 1140 850 .._ 

...... . . - •..• - - . - - - Split--- 1/»112 1725 1140 850 lll6\llft 
Clpeciu.-t,. incklaion run 1Al-3/C 1725 1140 850 .......... 
Clpecitor...i. CIPICi9 run 1~ 1725 1140 850 Medium 

........ 
~ - . - ... - . . Split--- 118-112 3450 Low 

Clpecitor..an. incklaion run 118-1 3450 Mldium 
Clpecitor.-t,. apKitor run 118-1 3450 Medium 

~ ...... . . c.;.dtor1'.St. induelion run 1/8-1 3'50 1725 .... 
Cllp9Ciuir1Urt. CIPICi9 run 118-1 3450 1725 Hiah 

Campi-• 
Ail - •••• - - - - - . - - •• Split ...... 118-1/2 3'50 1725 low or Med. 

Clpecitor-stst. induction run 118-1 3'50 1725 High 
Clpecitor-stst. apecitar run 118-1 3'50 1725 HirJt 

...,, ... lion .• - - . - - .. Split ...... 1/8-1/2 3'50 1725 low CK Med . 
..._ •• it apecitar 118-1 3250 1625 Low 
C.Otor..un. induction run 118-1 3'50 1725 Hiah 
Clpecitor-mn. capacitar run 118-1 2450 1725 Hith 

lnclus1rial _ .. _ •.. __ . . c.ator-start. induction run 1J8.t 3'50 1725 1140.860 Hith 
C.Otor:Nrt. apecitor run 1J8.1 3450 1725 1140. 860 Hit;i 

Ftrm . . . . • • • _ .. _ _ . • C.Otor-start. induction run 1/8-3/4 1725 High 
Clpec:itor-start. apecitar run lJl.3/4 1725 Hiah 

Mejor appliances ••• _ •.• Split...._ 1:&-112 '725 1140 Medium 
C.Ot«-start. induction run 1/6-3/4 1725 1140 Hith 
C.Otor-surt. apecitor run 118-3/4 1725 1140 Hith 

eor.-a.a appli- . . Capecitor -surt. induction run 113-3/4 1725 High 
Capecitor-start. QPICitor run 1/3-314 1725 Hit#! 

8usiM9 equipment . • • . • ...._. split QPICitor 1/'20-1/4 3450 1725 Low 
Caplcitor-surt, induction run 118-1 3450 1725 Hith 
Cap.citor1r1r1. c.plCitor run 1/8-1 3450 1725 HiF 
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Clauifi· 
Size cation 

Integral hp Design B 
Large Normal start· 

ing torque 
and normal 
starting current 

Integral hp Design C 
Large High starting 

torque and 
normal start· 
ing current 

Integral hp Design D 

Large High starting 
torque and 
high slip 

Integral hp Wound rotor 
and large 

Table 6.S Characteristics and Applications of Polyphase Induction Motors 
Source: Rcl'crencc 3 

Starting Break· down Starting 
Torque Torque Current 

(%Rated (%Rated (%Rated 
Lold Lold Lo1d TypiCll 

Torque) Torque) Current) Slip Application 

70-275 175-300 600-700 1·5% Fans, blowers, centrifugal 
60·100 175-200 600·650 05-2% pumps and compressors, 

motor-generator sets, etc. 
where starting torque 
requirements are 
relatively low 

200·250 190·225 600·700 5% max. Conveyors, crushers, stirring 
150·200 190·200 600-650 05%-2% machines, agitators, recipro· 

eating pumps and compressors, 
etc., where starting under load 
is required 

275 275 600·700 5-8% High peak loads witli or 
600-650 8-13% without flywheels such as 

punch presses, shears, 
250·300 275·325 500-600 5·8% elevators, winches, hoists, 

250·300 450·550 8·13% oil·well pumping and wire· 
drawing machines 

Any torque 175·275 Adjustible Adjust· Where high starting torque 
up to the (deJ)ftnds able with low inrush, frequent 
breakdown on st1trting starting, or limited speed 
value torque control are required 

required) 

Rtl1tlvt 
Efficiency 

High 

High 

Medium at 5·8% slip, 
Low at 8·13% slip 

Medium at full 
speed, lower at 
reduced speeds 

Note: Design A motor perform..,ce characteristics are 1imilar to tho1e for De1ign B motor1, e11cept that the starting current 11 higher thin the v1lu• 
shown in the tlble. 



Table 6.6 
Effect of l.oacling on the Eff"aciency md Power Factor of Daip B Motors 

Open md F.-:lwd Types 
lbfte..plaase, 60 hertz. 208-220-440-SSO-volt 

l 

< 
EffidMcy .... .. ........ I d 4/4L ... 314L ... 1/JIAllll 

112 900 • ., 53 
3111 1.,200 10 68 64 
3111 900 68 63 55 

1.800 16 74 68 
1.,200 71 10 64 

900 10 • 57 

1/2 l,fiOO 19 16 69 
1/2 1.800 19 16.S n 
112 1.,200 18.S 16 71 
1/2 900 74 n 67 

2 3,800 81.S 78 n 
2 1.800 80 78 n 
2 1.,200 77 1fS 13 
2 900 15 74 68 

3 3,800 82.S 82 80 
3 1,800 81 81.S 77.S 
3 1.200 ., 19 75 
3 900 ~ 10.S 

5 3,100 83.S 83.S 81 
5 1,800 85 • 83 
5 1.200 82 81.S 80 
5 900 81 .,.5 79 

7 112 3.800 85 85 82 
7 112 1,800 .. 83.S 81 
7 1/2 1.,200 83.5 83 80 
7 112 900 82.S 82 79 

10 3.800 86 86 .. 
10 1,800 85 85 &I 
10 1.200 .. .. 83 
10 900 83.5 83.5 81 

15 3,800 l!J& 86 IM 
15 1,800 86 86 85 
15 1.200 87 87 • 15 900 .. .. 82 

20 3.800 • 86 85 
20 1.800 87.5 17.S ae.5 
20 1.200 87 87 • 20 900 • • 85 

25 3,llOO 87 86 85 
25 1.800 88.5 88.S 87.5 
25 1,200 88 88.S 87 
25 900 87 87 • 
30 3.800 88 88 • 30 1,800 88 88 88 
30 1.200 88.5 • • 30 llOO 88 88 87 

40 3.800 Ill 88 86.5 
40 1,800 • • 88 
40 1.200 88 88 88 
40 llOO 88.5 88 88 

50 3,llOO • 88 85.5 
liO 1,800 88.5 68.S 88 
liO 1.200 88.5 88.5 88 
liO llOO 88.5 88.5 87 

80 3,100 llO 88 87 eo 1.800 llO 90 88.5 ., 1.200 88.S 88.S 88.5 ., llOO 118.5 88.5 87 

75 3800 ll0.5 llO 88 
75 1.800 90 90 88 
75 1.200 llO SKI 89 
75 llOO 88 119 88 

Note I: ""-"".,...,."°'IO be uNCf tor ...,.,._;con1U11 mo1or manulec1.,,•r. 
Note 2: For lwO-POI•. 1otally enclOHd t.n-cooled motors, ~fficiency tlloulc1 bo •t<l•ICed I pernn1 a1 

414 loed. 2 percen1 of 314 Imel, •fld 3 P!rcent •' 1 f2 loeo. 
linura-: AlhH'hal~r.-1 Manufanurinit C'nmpa11y 
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(2) Replace less efficient motor with a hi!#t-efficiency motor. Increasing efficiency 

by as low as 5% can effect substantial savings. 

Proper care of motors will prolong equipment life. save unwarranted expenditures. and con
serve energy. Detailed preventive maintenance procedures can be found in Reference 5. The fol
lowir.g is a summary of activities to be performed on a regular basis for the maintenance of mo-
tors: , 

(a) Check alignment of motors to driven equipment; align and tighten as necessary. 
(b) Check for loose connections; correct as necessary. 
(c) Keep motors dean 
(d) Eliminate vibration. 
(e) Replitee worn bearings. 
(f) Tighten belts and pulleys. 
(g) Clean motor windings; use a soft brush and slow-acting solvent. 
(h) Replace/repair broken or cut wires. 
(i) De-energize excess transformer capacity_ 
(j) P-ovide proper maintenance and lubrication of motor-driven equipment. 
(k) Check power meter accuracy. 
(I) Lubricate motor and drive bearings on a regular basis to help reduce friction and Pxces

sive torque. which can result in overheating and power losses. Additional friction can 
develop in motors due to dust or lack of lubrication. This friction causes excessive 
wear on parts and subsequent misalignment of gears of belts in the driven machines. 
This causes the system to work harder. reducing operating efficiency and increasing 
energy consumption. 

(m) Check for overheating, which could be an indicatic of a functional problem or lack of 
adequate ventilation. 

(n) Check for an overvoltage or low voltage condition on motors; correct as necessary. 
(o) Check for excessive noise and vibration; determine cause and correct as necessary 
(p) Keep fan blades clean. 
(q) Inspect drive belts; adjust or replace as necessary to ensure proper operation. NOTE: 

Proper belt tension is critical . 
(r) Inspect inlet and discharge screens on fans; keep them free of dirt and debris at all 

times. 
(s) Check for packing wear which can cause excessive leakage; repack to avoid excessive 

water waste and shaft erosion. 
ft) Inspect bearings and drive belts for wear and binding; adjust, repair, or replace as ne

cessary. 

6.5 ASR COMPRESSORS 

Compressing air is costly, and the efficient production and use of compressed air can yield 
valuable energy savings 

The choice of the right air compressor is an important consideration in conserving energy. 
For air requirements of 170 m3 /min or less. the reciprocating compressor is generally the most 
efficient. Above 170 ml /min, the centrifugal compressor giYeS better ml /min-to-power ratios. 
Special requirements invC\lve additional considerations for compressor selection. For instance, if 
the compressed air must be oil-free, the alternative choices would be an oil.free reciprocating, a 
dry helical screw or a centrifugal compressor. Table 6.7 shows several types of air compressors and 
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!heir corresponding capacity ranges and specific energy requirements. A typical compressed air 
system is shown in Figure 6.12. 

The performance of the compressed air system not only depends on the compressor but also 
on the choice of pipes used. the piping iayovt and the performance of individual equipment being 
serviced. 

Table 6. 7 Capacity R.aDF md Specific Energy Requirements of Different Types of Compressors 
Source: Reference 7 

Capm:ityR11191 
Compressor Type litre/sect.I 

Reciprocating: 
Single Stage 
Two·Stage 

Rotary Screw 

Rotary Vane 

Centrifugal 

Upto47 
47to 3000 

47 to 1400 

Upto570 

570to8500 

Fipre 6. l 2 Bllic Component• of a Compressed Air System 
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0.38 
0.30 
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6.5.1 E......, Con• mion Opponunlties 

(a) 

(b) 

(c) 

(d) 

(e) 

(f) 

(g) 

CM 

(i) 

Entering air temperature. Reducing the inlet air temperature by 15°C inaeases the mass of 
air delivered by 5% for the same electrical input. 
Discharga pressure. Operating at higher pressure than required rewlts in higher maintenance 
costs and reduced efficiency. 
Selection of compressor type. As earlier mentioned. proper matching of load requirements 
and compressor type is important to ensure efficient operation. 
Air leaks. Common sources of air leaks are valves, couplings, flanges, pipe joints and flexible 
hoses. 
Air misuse. E>lpensive compressed air should never be used for cooling hot products. This 
duty is better performed by a fan or fog spray. 
Faulty lubricaton and filten. These conditions result in pressure losses. 
Pipe dze and pipe layout. Pressure losses are higher in longer and smaller pipes and in lay· 
outs which presents higher flow resistance. 
System maintenance. Things to check indude: Lubrication. condition of roton, presence 
of vibration, excessive discharge temperature and pressure, tension in belts and adequateness 
of cooling. 
Receiver capacity. The air tank should be sized to meet average and peak demands so that 
the compressor operates dose to highest efficiency at all times. 

Reference 11 provides the following measures for conserving energy in air compressors. A 
more detailed discussion of operation and maintenance tips are given in Reference 13. 

(a) Determine the optimum pressure required for satisfactory operation of all items of equip· 
ment. Do not use higher pressures than necessary. 

(bl Match compressors to pressure and volume requirements and avoid oversizing. 
(c) Operate compressors at just below their maximum capacity. but do not overload them. 
(d) Simplify distribution maintena01ce and control by using matched individual compressors to 

serve particular groups of machines or tools. 
(e) Provide compressors or boosters for items of equipment which operate intermittently or 

which require pressures markedly different from those needed by the main system. 
(fl Switch compressors off when not in use. 
(g) Use non-working periods to find and rectify leaks and to clean the system. Do not install 

further compressors without first thoroughly checking for loads. 
(h) Maintain simple records of compressor performance to enable faults to be detected GUickly. 
(i) Site air inlets in cold, dry, clean positions and clean filters regularly. Cool the air between 

and after compression stages 
(j) Recover heat from cooling operations and use some to reheat the oompressed air, if possible. 
(kl Keep air distribution lines clean, dry and warm. Avoid any accumulation of water or oil by 

sloping lines correctly towards accessible drain poinu. 
(I) Challenge every use of compressed air, particularly for continuous applications. 

8.8 LIGHTING SYSTEMS 

Industrial lighting covers a wide range of tasks, operating conditions and economic conside· 
rations. Lighting must provide adequate visibility in ar• where rM materials are tr1nsformed 
into finished producu. It must not only serve • a production tool 1nd 11 1 safety factor but 
should 1lso contribute positively to the over-all environmentll condition of the work space. 
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The typical components of a lighting system are shown in Figure 6.13. 
There are opportunities for conserving energy in lighting when one or more of the following 

conditions exist in a plant: 
a. Unoccupied areas are lighted 
b. Lighting ;evels exceed established nandards. 
c. Luminaires and lamps are dirty. 
d. Walls and surfaces are dirty or dark-colored. 
e. Lights are turned on in areas where natural light is sufficient. 
f. Inefficient lamps are being used. 
g. Lighting schemes are poorly designed. 

~-----LIGHT SOURCE 

SWITCH 

) 
POWER 

IN 

{LAMP) 

l 
)-- FIXTURE 

JlJ I\\\ 
,] 

\ BALLAST 
'-- (FLUORESCENT - LUMMRE, DFFUSER, OR LENS 

FIXTURES> 

Figure 6.13 Typical Components of a Liabting System. 

6.6.1 Factors Affecting Energy Use in a Lighting System 

In looking for measures to conserve energy in lighting, the following factors can be kept in 
mind: 
(a) Desired illumination level. As a general rule, li~ting levels in the workplace should be no 

greater than those recommended in the Philippine Electricai Code. Table 6.8 gives levels of 
illumination recommended by the Illuminating Engineering Society. 

(b) Placement of lightl. Uniform illumination inside a room does not make the most effecti11e 
of energy. It is usually advisable to place and orient lights so as to illuminate work stations. 

(c) Dnign of lighting 1Yltt1m1. The best possible lighting system should be designed based 0.1 

the nature of the work area and the desired illumination level. Secondary factors are ease 
of relampi11g and maintenance requirements. 

(d) Lamp tlfficit111ey. Replacing existing low..tficiency lamps with lower-wattage more efficient 
types for the same illuminatiun lewl will result in reduced total costs. 

1.8.2 E-.v ConNrY8tion ..._,,.. 

Reference 16 gives six basic ruin for achieving good lighting coupled with energy conserva· 
tion. They are enumerated below. A seventh is added which involves the installation of skylights 
in appropriate areas: 

68 



l 

< 
Table 6.8 a...cteristicsofVarious Limp Types 

Source: Refaence lS 

1~= ... L•• 
. a ~ u..w .............. ... ...... L I I 11 

flMIWI Caler ...... : ......... .. _... 
! IB)o ._. ........... .... ...... , ............ Color .p ...... .--z I ....... _ .. ..,. ...... ..... HI- .. C.U-11 

: Normal inclncMc>eut i.mp 100W CAI 14 14° uallent 11001 ualllnt 1.000 700 I Nonnll i11and11scent lamp 100 W CBI 13 13" ....... t 11001 11-n.nt 1.000 3 
~ inandecent t;,mp 100W CAI 30 30• exCllllent 11001 11xallent 100 1.500 
~ogen ~t lamp 1.ooaw CAI 22 22· excellent 11001 exClllllnt 2.000 1.700 
High-prmure mercury I.mp 400W CAI 52 49 modest c 201 modlSI lbluel 20.000 460 
High-press.n mercury lamp 400W CBI 57 54 mocle$t c 401 ,_.,,. 20,000 12 
Bltndlld light lamp 250W (Bl 22 22· modest I 401 ...-..Ille 6,000 5 
H~ sodium lamp400W (Al 120 110 rnodlSt I 251 modest Iv-Howl 12.000 600 
High-prmure sodium lamp 400W IBI 117 107 mochlt I 251 modest (ywllowl 12,000 25 
Meul Mlidll lamp 400W CAI 80 75 ,__.. I 1161 good 10,000 600 
Metil! hlllidll lamp 400W IBI 75 70 ,__.. I 1161 good 10,000 14 
Fluorescent lamp 40W (A) 80 116 uallent I 951 excellent 9,000 0.8 
Low-pres111n1 sodium !amp 180W 183 150 poor poor 16,000 10 

• Noblllast required. 

(a) Use the most efficient light source practicable. 
(1) Gas discharge lamps (mercury, fluorescent, or sodium) are more efficient than incan

descent lamps. 
(2) In general the higher the wattage of a la!i1p, the more efficient it is. 
(3) Cool white fluorescent lamps are more efficient than daylight lamps of the same 

wattage. 
(4) Fluorescent and incandescent lamps with internal reflectors give more light in the 

reflected direction than normal lamps. 
(b) Use the lamp l~qht output efficiently. 

(1 I Efficient h .. 'Tlinaires reflect a greater amount of light on the visual task with less 
wattage. 

(2) Luminaires with reflectors but without screening have the highest light output ratir, so 
that they should be the first choice when it comes to optimum energy utilization, if 
the presence of glare is of minor importance. 

(3) Of the luminaires with screening, those with lamellae louvers have in general the 
highest efficiency. Those with opal diffusers have the lowest efficiency. 

(4) High quality control gear ensures minimum wattage loss. 
(c) Maintain lighting equipment in good order. 

(1) Lamps and luminaires must be kept clean and a regular cleaning schedule must be 
instituted to ensure that the lighting system is producing the lighting level at which 
it was designed. Dust and dirt accumulating on lamps and luminaires can cut down 
light output by as much as 50%. 

(2) Perioaical inspection of the lighting system will lead to timely replacement of defective 
lamps and accessories which continue to consume electricity without giving off light. 

(3) In some cases, group replacement of lamps may be advisable. 
(d) U• well-de1igned energy effective lighti11g 1ehem•. 

(1 I Select the most efficient combination of luminaire and lamp to meet the recommend· 
ation or requirements with respect to uniformity, glare control, color rendering and 
color appearance. 

(2) Use the possibility of t~e integration of lighting and air conditioning. With this system 
the efficiency of the luminaires can be increaud by 10·16% and the total energy 
consumption of the building can be decreased. · · 

(3) The illumination level should be suited t? the purpose and after installation, maximum 
performance should be continued by regula1 maintenance. 
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(4) Cost of operation and energy usage should be :onsidered when desi~ing new lighting 
schemes and not simply the initial cost of the installation. 

(5) Maintair a high power factor to increase the electrical efficiency of the building power 
distribution system in addition to permitting more effective use of the utility power 
capacity. 

(e) Control the switching OP11TBtion and uage of the lighting installation. 
(1) Local lighting should be used if higher lighting levels are needed only at certain places. 
(2) Occupants should be reminded to tum off lights if daylight is adequate. 
(3) It is always more economical to turn off ir.candescent lighting when a workin!; or 

living space is empty. 
(4) The long standing question of whether it is more econon~ical to switch f:uorescent 

lamps off or to leave them on has finally been resolved because of the energy shortage. 
The need to save energy now dictates that users tum lights off for any period y,;hen 
they are not in use. The high cost of power now outweighs any adva11tage gained in 
lamp life. 

(5) If you must reduce your fluorescent lighting. rem~e all lamps from a two·lamp pre
heat ballast. This assures that ballast life is not adversely affected. Removal :>f only 
one lamp from a two-1.Jmp preheat ballast circuit can seriously shorten ballast life and 
can shorten the life of the remaining lamp. 

(6) Switching should be desi~ed such that lighting tixtures in individual offices, integral 
areas, separate sections etc. can be switched off when not required. In short, limit the 
number of fixtures per circuit to provide greater flexibility. 

(f) Consider the effect of su"ounding decor. 
(1) Avoid dark surfaces in the space because these absorb light. For higher reflectances, 

use light colors on walls and ceilings. 
(2) light, pleasantly-designed interiors of buildings ass1Jre an environment in which work

ers can be productively effective. 
(3) Limit the use of additional decorativa lighting. 

(g) Install slcylightl. In many plants, the power required for lighting production areas, ware· 
houses or offices can be significantly reduced by installing skyli5t1ts. 

6.7 CANNING 

This section will cover canning equipment which require large amounts of heat and water. 
These are the hot can washer. exhauster, and retort. Energy conservation in electric motors which 
power mechttnical equipment (e.g., conveyors, sealing equipment, etc.) is discussed in section 6.4. 

6. 7 .1 Canning Process 

Figure 6.14 shows the general flowchart of the canning process. Empty cans are sometimes 
inverted to rid them of debris, wahed, and rinsed with hot water. The cans are then drip-dried, 
usually in the inverted position 

Filling is usually by hand in small to medium scale 8'tablishment, but in large planu automa· 
tic filling equipment predominate. Filled cans are heated with steam or hot water ,., remove 
dissolved gases. This step, called exhausting, is usually done by passing the cans through a steam· 
filled enclosure or exhaust box. AftM exhausting, the can' a:-e sealed and washed to remove bits 
of food, sauce, oil or dirt sticking to the outside of the i: ins. Washing these contaminants off is 
important because in retorting and pressure-cooling some water rnay seep through the seams. Even 
only a small amount of contaminant entering the can will ruin the product. In retorting, the cans 
are heated with pressurized steam to a temperature and for a period sufficient to kill almost all 
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harmful micro-organisms in the food. The time required for the retort to attain the proper proc:e:s
sing temperature i~ called the "come-up time". After processing, the cans are cooled w!th water 
under pressure, ~sually in the retort. Compressed air is introduced to maintain the pre~ure, other
wise too rapid pre.;:)ure loss due to steam condensation may cause the can contents to &xpand too 
~:.aickly and damage the seams. Some·i.imes, hydrost:itic water cooling is used in place of retort 
cooling. 

The can; must be withdrawn f.-om the cooling water wMe they are still hot so that they will 
dry quickly in air. After that they are labeled and packaged. Sometimes, the cans are first po
lished before labeling. 

6.7.2 Hot Can Wash 

The can washers require a lot of hot water not only for rinsing but also for the detergent so
lution. As shown in Figure 6.14 there are two points in the canning proces~ where hot can wash
ing is usually done. '"'5ide from cleaning (filtering) and recirculation, l"ther methods of conserving 
energy and water are: · 

fa) Re-use of hot ~-:.cer or steam generated from other prat"e$11111S. An example of ~is is the use 

of hot water from ptessure - cooling in the retort. This spent cooli!lg water is clean and has 
a high temperature. Other sources of heat for hot-water generation are venting steam, retort 
drainings, etc. Another example is the use of cascading in rinsing or washing. 

HOT CAN 
WASH 

EXHAUSTIN8 

----------1 . ..:.. j 

0 ILE!rrftOlllCHAliaCAL 

D HIAT 

Fi11Jre 6.J4General Procea Flowchart forCunq 
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(b) Monitoring and limiting the 1111/J of hot Meter. Usually. workers are not aware of the large 
amounts of hot water being consumed in deaning and washing. It is recommended that 
floMneters be installed in water consuming equipment and consumption patterns recorded 
and studied. If possible conSl.ITlption standards should be set for reference and evaluation 
purposes. Studying the volume temperature, cleanliness, and use of tfle water system will 
usually reveal opportunities for conservation. 

(c) Waste heet ll!COWfY. This indudes the use of heat exchangers to pre-heat mcake-up water for 
washing. Condensate may be recovered from steam kettles. exhaust boxes. steam boxes. and 
the retort drain line to produc.e hot water. 

6.7.3 Exhalsti .. 

A typical continuous exhaust box is shown in Figure 6.15. Steam .s injected into the box 
through perforated tubes. The cans travel the length of the steam-filled exhaust box on a convey· 
or. Steam escapes from the open ends of the box, while condensate d•a:os from the bottom col· 
''!Ctor. Some suggestions of conserving energy in open exhaust boxes are: 
(a) Reduce the amount of steam escaping from the ends by decreasing the area of the openings. 

Provisions must be made for adjusting the end openings depending on the can size. 
(b) Recover the condensate for hot-water production. If the '?xhauH box. conveyor, and cans 

are dean, the condensate can be used directly. Otherwise. a heat exchange system may be 
used. 

(c) Use proper insulation on hot external surfaces, steam lines. etc. l:l a typical stainless steel 
housing exhauste;, the combined heat loss is about 230 watts per square meter of outside 
surface. 

(d) Use hot water for exhausting if possible. Much of the steam input in open~ exhausters 
escapes to the atmosphere. This is wasteful and produces an uncomfortably hot and 
humid working environment. The use of hot water for exhausting will eliminate excessive 
steam loss; if direct heating is utilizea. it will reduce the boiler load. 

(e) Hot filling should be done when practical to reduce the heat requirement for exhausting . 
Sauces, oil, or brine should be J.'Otlred in hot. 

-----STUii c:ou.ICTOlt 
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6.7.4 Retorts 

Retorts are the major steam consuming equipment in the canning process. Figure 6.16 
shows the energy flow thro'91 the retort. Vents are open at the stan of processing to allow air to 
be driven out by steam. This is important because air acts as an insulator and may cause under
processing or non-uniform proceuing. Bleeders allow air in the supply steam to escape; they are 
open thro'9tout the retorting process. 
Some energy conservation guides for retorts are: 
(a) Insulate the retort. Heat loss due to radiation and free-air convections of exposed retort 

metal is :ubstantial. For example for an external surface temperature of 100°C. the com· 
bined heat loss !s approximately 1 kW per square meter. 

(b) Investigate the possibility of using drainings or condensate. venting steam. and water fr<iln 

pressure cooling to produ:e hot water. Clean condensate may be returned to the boiler. 
(ci Install automatic air venting. This method has several advantages over manual air venting. It 

is very difficult to distinguish between steam and a mixture of air and steam. Therefore. it is 
virtually impossible for the operator to know precisely when to stop venting. A lot of steam 
is wasted in usual practice of dosing the vent after a fixed number of minutesataspecified 
temperature. Automatic air venting will ensure that only the minimum amount of steam 

required for complete venting will be expelled to the atmosphere. Another advantage is 
that correct venting will be automatically and reliably done. Also. bleeders will no longer be 
neceiSary. tt.us saving steam. Figure 6.17 shows a horizontal reton with automatic air venting. 

INPUT 

VENT 

t •• 
RETORT 

~ 
COllDINUI'! 

DU• N!SIUllE COOLIH 

.STEAM 

C> HOT WATER 

• PRODUCT HEAT 

• RADIATION AND CONVECTION 

fipare 6.16ffat Didribution in Retort 
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FLOAT TYPE 
STEAM TRAP TEMPERATURE ~NSOR 

Figure 6.17 Horizontal Retort with Automatic Air Venting 

Source: Reference IS 

(d) In place of steam venting consider using mechanical vacuum pumps for removing air before 
retoning. It is apparent from Figure 6.18 that a lot of steam is used for venting. The high 
initial cost of the mechanical pump is offset by the savings in steam. 

(e) In "clean" or asceptic canning operations, product·to·product heat exchange may be done. 
(f) In continuous retons. avoid pre-heating and venting too soon. Base these activities on the 

production schedule. 

(g) If compressed air for pressure cooling is used, check and eliminate leaks in equipment, 
pipes, etc. to reduce compressor running time. 

6.7 .5 Layouting 

Canning process equipment (including the boiler) must be located in the same vicinity to 
save heat and energy used for transport. Water, steam and materials flow should be considered in 
designing the canning layout. Product heat may be lost while moving the cans from the exhauster 
to the sealer and to the retort. Steam from a distant boiler house may have lost a lot of its heat 
through the piping when it reaches the canning area. Also, additional pi~ng and insulation is 
required. These are only some of the factors that make layouting important from an energy view· 
point. Particular planu have unique problems and opportunities for energy conservation through 
improved equipment layouting. 
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< • 
Typical Energy Efficiencies 

Table A.I: Typical Process Efr.:iencies 

6-11 EqllipR Int o.ir9d'*- Typiml"--
c......, Effil i 111 d I Etr.cill ci11 R-U 

Cl•theFilld) 

1. Bo11ers Cstmn, 781081" 74to8DS These _.. boiler .... gy canwnion efficiencies 
auming good combustion efficiency. ff you 
don't r9lUm your condMAte. insulate lines, 
fix lelking fixtures, clean heat exc:Nnges, me 
good boiler feed ... treatments and • host 
of ~ things, your symm efficiency may 
flll to 40 to ~or lower • 

• 2. Owens 
A. Warm Air 50to6°" 35to40lt Ovens can and will vary all ower because of 

21°C to 371°C such things • dirty combustion equipment. 
B. W•m Air & l.R. 60to7~ 50to6°" using the own at a greater than design rate. 

21°C to 371°C too m~ wei!)ht in racks to hold ware and 
c. Direct Fired Oftns 55 to 65" 35to4~ too little material being dried. the amount of 

21°C to 371°C exhaust (does it vary with solvent level or 
temp. etc.?). if the heat exchangers are dean 
and in good repair. and if the system is strug-
gling in a negative presure condition - to 
mention a few. These deserve your time. 

3. LON Temperature 
Furnaces 
A. 538°C to 982°C 60to4°" 30to 20% V•iations from the norm may result ftom: 

(Batch) inadequate refractory or its mainten.nce. the 
B. 538°C to 982°C 40to30% 25to 1~ combustion ratio. wt.ether t1'e furnace cycles 

(Continuous) or not (goes from room temp. to max. and 
c. Coil Anneal (Bell) 22 to 24% 4 to 7% cools down to room temp. again or nod. 

Radiant Tube wheeher a muffle or indirect system is used or 
0. Coil .'\4\neal (Bell) 26to2ft 9to 14% not. if the cyde is accurately monitored. if 

Flat Flame the customers' specifications are realistic or 
E. Strip Anneal 24 to 30ll 7to12% not, etc. If radiant tube. are used. consider 

Muffle UJ"'9 a waste heat recuperator. 
On all open flued furnaces, insull furnace 

pressure controls to reduce air infiltration. 
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APPENDIX lll 

Typical E119ineering Data 

Table A.2 Energy Equivalents and E&ergy Units 

1UNITOF: EQUALS .... - .. G.I ... .... ... .... CV .. 

Bbl. of Oil Equnr. .... , 1.00 0.14 0.20 5.80 t&n.1 , ••• oi 5.497do' 2160.5 2190.7 

T- of Oil EquiY. ,_, 722 1.00 1.43 41.87 11630 10.1u• 39.68s1o' 155!16 15812 

T-of CClill Equ;,,. ,_, 5.G5 0.70 1.0 29.3 8141 7x1o' 21.nJ<to' 10917 11068 

~(GJI 0.172 O.D24 CUl34 1.00 277.7 2JIUbr101 0.948x1o' 372.5 317.7 

Kao-n hoUl ~ CltW\I OJl2x10-1 11&s1cr• 123x1cr• 3.t1x1cr1 1.00 I&) 3412 1.341 1 ..360 

Kilocalorie (kcal I o.122.:1cr• 10x1cr• 14.3x10-• 4.111x1r 1.163x10-1 1.00 3.968 1.s&x1cr1 i.sa.1cr1 

.. ':ish n.m.r Unit 

'"'" 0.182x10-6 252.wcr• 36.0x1cr• 1056x1cr• 0..293x10-J 0.252 1.00 .393x10-1 .31181l10-J 

HP.flour llmperi.il 
0.463x10-J (Hp-hi 64.tx10-• 91.6x1o-• 2.68><10-J 0.746 641:2 2544.5 1.00 1.014 

HP-hour !Metric) 
(CV-hi C.456 .. 10-> 632.wcr• 90.3x1cr• 2.651<10-J 0.7~ 632.4 2509.6 G.986 1.00 ·--

SOTF.: A tOA11e of od cquiwale11t is llSllallf aAilJled a nl..c of 10 million lr.il.xaloncs. 'hi •ilb an cncrsy content or 10 millioc lr.ib.'.alolics 
per IOllAC woald ..,,ea specific sr>•it!' or abour 0.90 ud an Aft P•'flty or af)our !S. Ir W6111d lb..s w midway hetwcn disliU,te 
and residual hid oils ill boll: 1JPiry anJ cncrsy contents and milflt tbucfore It: termed more acQlratdy a -ruei oil cquiwaleftt"". 
By aorcnpn1 distillates and raidual we obtain a ratio 7.0 Nrrds per l.luc cqllPalmt. wbidl oa tbc bm.is or 41.87 siPJoule!t per tonne 
equitoalcnf; 10 million kilo.:aloncs) r.cws 6.0 siPjoules per barrd ,, od cq1al'lalcnt. The barrd ol oil cqlliwalcnt da-aml ass.a liP 
JOUies IS tbacfott a s!isJltly •·1;pter·· fuel. equal to 41. 7 siPjoulcs per tonne ancl 7 .22 l)arrels pc. tonne or oil equi'Jalcat. 

Table A.3 lndusary Guidelints for% C02 and Exceu Air 

Ultimate C02 content of Ory S-ack ~for Perfect Combustif':i: Exc:as Air Required for Good Combustion: 

Fuel %C<lz Fuel % ExCllll Air 

Blast Furnace Gas I 
25.1 

eo.. I 18.6 
Colre Own Gas YA 

Blnt Furnace 0. 15-25 
Coll 1CMO 
Coke 2CMO 

Natural (',. 12.0 CakeOwnGes 5-10 
Oil 15.4 Naturll Ges 5-10 
PrnplM 14.0 Oil 8-15 
Wood 20.0 Refinery G.tl 8-15 

Wood 25-50 
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Table A.4 Approximate Net ~t Coatmts of Commonly Use Fuels 

EQUALS 

.< 
Bbls of oil Tonnes of oil Tonnes of Coal G. joules 
equiwilent equivalent equivllent 0:1 joules) 

1 TONNE OF: 

Coat 5.0S 0.70 1.CJO 29.3 
Lignite 2.01 0.28 0.40 11.7 
Peat 2.53 0.35 0.50 14.7 
Coke 4.91 0.68 0.97 28.5 
Charcoal. 
Briquettes 4.98 0.69 0.99 28.9 
Firewood (air dried) 

Pine 2..34 0.32 0.46 13.6 
Hardwood 1.60 0.22 0.32 9.3 

Bagame (30% moisture) 2.17 0.30 0.43 12.6 
A9-icuftural Wastes 2.00 0.28 0.40 11.6 
D1mgCakes 1.53 0.21 0.30 8.9 
Nut Shells 3.40 0.47 0.67 19.7 
Dry Straw 3.D2 0.42 0.60. 17.5 
LNG 9.10 1.26 1.80 52.8 
LPG 7.79 1.oa 1.54 45.2 
Gasoline 7.59 1.05 1.50 44.0 
IClmJsene/Jet Fuel 7.43 1.D3 1.47 43.1 
Gas Oil/Auto Diesel 7.36 1.D2 1.46 42.7 
Industrial Diesel 7.29 1.01 1.44 42.3 
Residual Oil 7.07 0.9tl 1.40 41.0 
Asphalts 122. 1.00 1.43 41.9 
lubes 41.4 
Petrochemical 

feedstocks 7.59 1.D5 l.50 44.0 
Petroleum Coke 6.00 0.83 1.19 34.8 
Ethyl Alcohol 4.76 0.66 0.94 27.6 
Methyl Alcohol 4.10 0.50 0.71 20.9 

l BARRELOF: 

LNG 0.60 o.oe 0.12 3.5 
LPG 0.67 O.D9 0.13 3.9 
Gasoline 0.90 0.12 0.18 5.2 
Kerosene/Jet Fuel 0.97 0.13 0.19 5.6 
Gas Oil/Diesel 1.00 0.14 0.20 5.7 
Industrial Diesel 1.D2 0.14 G.20 5.9 
Residual Oil 1.0S 0.15 0.21 6.1 
Asphalts 121 0.17 0.24 7.0 
Lubes 1.00 0.14 0.20 5.8 
Petrochemical 

Feedstodcs 0.90 0.12 o.;~ 5.2 
Petroleum Col(e 129 0.18 0.26 7.5 
Ethyl Alcohol 0.60 0.08 0.12 3.!i 
Methyl. Alcohol 0.47 O.D& 0,09 2.7 

100 ml OF: 

Natural GM 6.00 0.83 1.19 34.8 
Town Gas 2.88 0.40 0.57 16.7 
Producer Gas 1.02 0.14 020 5.9 

Note: The figures in this table are net heating values (reduced from !P'OSI values by the latent heat 
of dporization of water formed in combustion). Thesa figures. commonly UMd in Europe. 
•e appropriate r~tations of heat release in furnaces, kilns and boilers. In the United 
Sutes the practice is to'* !P'OSI hem of combuStion. Some typical Yllues for the ratio of 
ner to grms are as fot:ows: 

Fuel Net/GrOll Ratio 

NMur.aGal 0.90 
Fuel Oil 0.94 
Coll 0.91 
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Table A.S Density and Gros Hetifina Value of Fuels 

PETROLEUM API• q/l BtuAb Ital~ kJllrt k.llL 

< 
PrMlium 61.0 0.7351 20.SOO t1.,38J 47.183 
AetlNr 58.0 0.7428 20.750 11.,528 48.264 
A ... GISoline 60.D 0.7389 20..620 11.456 47.962 
ic.r- 47.1 0.1923 19,.800 11.000 46.706 
Diiml 36.0 0.&148 19,.650 10.917 4!".706 
Full Oil 15.0 0.9518 18,.600 10,.333 43.213 41.398 
Awturbo 47.1 0.7923 19,.800 11.000 46.066 
~ &e.O 0.7389 20..620 !1.456 47.962 
AwgllS 64.6 0.1216 20.950 11.639 48.m 
LPG 0.550 21.180 11.767 49.264 

NON~ROLEUM 

MedllftOI 46.3 0.796 6,.600 5,.333 22,.329 
Ethanal 46.7 0.794 12.800 7.111 29.773 
c-..tOil 21.5 0.9248 15.748 8.749 36Ji30 

SOLID Fl'ELS 

Co.I 9JIOO 5.000 20.934 
..... •t sos Moisture 4JIOO 2.222 9.JIM 
Wood Wiste at~ Moisture 4.000 2.222 9.JIM 
Rice Hui &JIOO 3,.333 13.,956 
Coconut Shall 8.630 4.794 20.073 
C-UHuslt 7.400 4.111 17.212 

ELECTRICITY Btu/kWh kal/kWh kJlkWh 

Al. 3n Thermal Effic:iency 10.340 2.606 10.909 
At 10!5 lhennal Effici ncy 3.412 880 uoo 
NOn: , .. • 2-XMe LB , ... • 0.252 .... - 1 Jl55IJIS .... 

1 ILWh • 3IOO i.J 

Table A.6 Chemical Analysis of Fuels 

LIQUID FUELS AP1° c ti s 0 N ASH 

Guolme 55.5 84.5 15A 0.0 
Ker-. 41.8 84.7 15.3 0.0 
Diesel 32.7 85.5 13.G 0.8 0.1 
fuel Oil: 

H-v 16.7 84.7 12.4 1.1 1.8 
LJFt 27.2 "6.6 1211 OA 0.6 0.5 0.9 

LPG 82A3 17.57 0.0 
MsNnc.I 46.3 37A8 12.i;a 49.M 0.0 
Ethanol 46.7 52.14 13.13 34.73 f).0 
Coconut Oil 21.5 76.28 10.87 12.86 0.0 

SOLID FUELS BTU/LB c H s 0 N ASH MOISTURE 

Coll: 12.750 798 2.5 0.6 7.3 o.a 9.D 8.0 
11.830 858 5.7 0.5 18.1 1.1 8.8 7.9 
8.710 49.7 8A OA 3L9 0.8 10.8 21.9 
7,050 41.3 8.7 OA 42.8 0.7 8.3 34.0 

Wood: 3.591 48.99 8.20 44.25 o.os 0.50 30 ..... 4JIOO 47.0 8.& 44.0 2.5 50 

NHV Uhu/lbl • GHV IBtu/lbl 
%H/100 x f/2 x 0.0)6 x 1050 -o:oo;-

• GHV IBtv/lbl - 9UO!"HI 

NHV CkClll) • GHV lkal/lrgl 1'H!100 - Ojj0'1 x 1/2 x O.ot8 x 583 

• GHV (kcal/kt) - 52A71"'HI 

NtiV lkJ/lcg) • G:-tv CkJllrgl 1'Hl100 - o:oo;-- • ,,, x o.ia x 2442 

• GHV CkJ/kgi - 21U.78 CWtl -· 
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Table A.7 Thermodynllnic Properties of Selected Gases 

~ ~o ~ ~ co H2 S02 

HW OJM4 0.018 O.D32 O.D28 O.D28 OJI02 O.D64 
$C298) 5't.072 45.106 46.0IM 45.710 47.214 31.208 :9.298 
HF(298) -!MJl54 -57.798 0.000 0.000 -26.417 0.000 - 10JM7 
GF(2981 - !M.215 - 54.~ 0.000 0.000 - 32.783 0.000 - 71.741 

HIT) - HC2981: EnthalPV rwtnw to 298 °K. lial/mol 

0°K -1.803 -1.750 -1.550 -1.530 - 1.331 -1.426 -2.522 
100 -1.344 -1.243 -1.104 - JJ81 -lJJ86 - 1.011 -1.725 
200 -0.731 -0.663 -0.580 -0.565 -0.567 -0.529 -0.893 
298 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
300 0.016 0.14 0.012 0.012 0.12 0.011 0.018 
400 0.882 0.748 0.833 0.640 0.&45 OJI02 0.016 
500 1.852 1.544 1.363 1.313 1.324 1.235 2.DIJ3 
600 2.912 2.393 2.105 2.D24 2.on 1.904 3.237 
700 4.D48 3.291 2.832 2.7&6 2.791 2.604 4.433 
lllO 5.249 4.232 3Jl89 3.534 3.568 3.327 5.661 
900 6.506 5.211 4.320 4.324 4.367 4.071 i.937 

1«i..,"O 7.808 6.224 5.369 5.185 4.832 4.832 8.229 
1100 9.148 7.268 6.234 5.954 6.016 5.605 9.540 
1200 10.!118 8.338 7.110 6.787 6..858 6..:aB 10.866 
1300 11.912 9.432 7.996 7.628 7.709 7.180 12.206 
•400 15.325 10.548 8.887 8.475 8.565 7.977 15.566 
1:i00 14.752 1Ui83 9.784 9.426 9A26 8.779 14.915 
1600 16.188 12.836 10.683 10.181 10.288 9.584 16.282 
1700 17.632 14.00C 11.584 11.D37 11.154 !0.393 17.6!16 
llllO 19,eeo 15.186 12487 11.895 12.019 11.203 19.D35 
1900 20.530 16.382 13.390 12.753 12.884 12.016 20.420 
2000 21.982 17.591 14.294 13.611 13.749 12.831 21.801 

-.e MW " Moleall• Wt9n. kglmol 
5(2981 • Entropy at 298°K. cal/mo1°KI 
HF(2981• Hut of forfNtion at 298"K. kcallmol 
GF(2981 = Gibb"s Free Ene·gv at 298°K. kcal/mol 

Table A.~ Usual Amount of Excess AY Required for fuel-Burning Equipment 
Sourte: Reference 4 

F• I Type of Fum9CI or..._. Excell IUt. " ---
Pl.ltwrind Coll Water-cooled furnaces 15-20 
Crushed Coll Cyclone furNC:a 10-16 

Stoker.fired. fof'ced·clrlft chain gr1te 15-50 
Co.I Sloker fired, forced-draft unde>feecl 20-50 

Slolcer..fircd, natural drltft 50-65 

Common prlCtic:e 10-20 
with C1r1ful apportion of air 

Fuel Oil in multibumtr systlmS Ind 
h9' turbulence 1-5" 

Acid Sludge Cone and h•t. fl1m1 type burners. 
steam 1tomind 10-15 

Nltural. Coke Regist• type burnen 5-10 I 
Own Ind Refinery Multifuel burners 7-12 

81Mt·furn1et l"ter:ube nozzle type 15-18 
Gii 

Wood Dutch ,,_, 110-20" throui1' •.cal 
Ind Hott type 20-26 

R..- Ah ful'MCIS !i0--100 

BllCk Liquor R.c:owry fumlCIS for krllft Ind 
sodl pulpint prom.s 5-7 

Biom• 60-100 

-
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< Financial Evaluation Methods 

This chapter presents some of the most commonly used finaucial evaluation methods. They 
are usually dassified into two broad categories namely discounting methods and non-discounting 
methods. Discounting methods take into accnunt total costs and benefits over the life of the in
vestment and the timing of cash flows. Cash flows occuriag at different times are converted to 
a common basis. Non-discounting methods do not usually consider the time value of money. 

NON-DISCOUNTING METHODS 

Payblck Methods 

Payback methods are designed to measure the time to recover the original investment. They 
measure cash recoverability of a profect rather than profitability. These methods are simple to 
understand and apply. They are also known as pay-out or pay-off methods. 

capital investment Payback = _ _._ ______ _ 
net annual savings 

Exampf .. : A project requiring P100,000 capital investment and a net savings of P40.000 per year 
will have a payback of 2.5 years. 

Payback = 

Simple Rate of Return 

Pl00.000 
P40.000/yr 

= 2.5 yr 

The rate of return methods are designed to calaJlate the percentage or rate which an invest
ment is going to 1eturn. The comparison of this rate with the cost of capital tells the decision
maker whether the investment is good or bad. 

Simple Rate of Return = 
(SRR) 

an~ual earnings x 100% 
investment 

The simpie rate of return formula provides some indication of profitability. 

Example: A project requiring P100,000 capital investment and net savings of P40.000 per vear 
will have a simple rate of 40%. 

Simple Rate of Return = 

.. 
Return on Investment (ROI) 

P40.000 
P100.000 

40% 

x 100% 

ROI methods are also known as accounting rate of return methods. The ROI criteria mea· 
sure the effect of the decision on accounting reports wch as prof it and loss statements. 

net income 
Aet:ounting ROI = _i_n_ves_t_me_n_t-x 100% 
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The amounts to be used in the na.merator as net income and in the denominator as invest
ment are arbitrarily defined to conform with accounting conventions. 

ROI methods appeal to managers because they state results of an investment decision 
according to rules that may be used to evaluate a manager•s controllable operating performance. 

Example: 

(1) Net Income 
Investment bases 

(2) Original Cost 

0 

300 
300 

Cash Flow 
1 2 

100 

300 
300 

200 

300 
200 

3 

150 

300 
100 (3) . Book Value. end of Period 

Return on Investment (ROI) 

(4) Basis of original cost 
Basis of book value 

33.3% 66. 7% 50% 
33.3% 100% 150% 

DISCOUNTING METHODS 

Net Present Value Method (NPV) 

This method calculates the differences between the present value of the benefits and the 
costs resulting from an investment. A positive net present value means that the financial position 
of the investor will be improved by undertaking the invest:Tlent; a negative net present value means 
that the irlVestment will result in a financial loss. In using the net present value method. it is impor
tant to evaluate the costs and benefit of each alternative over an equal number of years. 

The formula for calculating the net present value is as follows. 

NPV (i) 

where NPV = 

Ft = 

N = 
= 

Net Annual Value Method (NAV) 

N 
1: Ft ( 1 + i )-t 

t = 0 

net present value of investment at the given il"lterest i. 
net cash flow at year t. t = 0, 1, 2, ... N 

economic life of the investment 
interest rate or discount rate 

This method takes essentially !he same form as the net present value method. The difference 
is that all costs and benefits of the net annual value method are converted to a uniform annual 
basis instead of to present value. 

The formula for calculating tha net ar.nual value is as follows: 

~ 
~AV (i) • 1; Ft (i + w·t 

t • 0 
i (1 + il" 
(1 + i)n - 1 
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where: 

8eMfitJCost Ratio M.thod 

NAV (i) = 
Ft = 

i = 
N = 

net annual value at the given inlereSt rate i. 
net cash flow at~ t. 
discount rate or interest rate 
economic life. 

The benefit/casr ratio method expresses benefit as a proportion of costs where benefits and 
costs .-e discounted to either a present value or an annual value equivalent. To be worthwhile, an 

investment must htwe the benefit cost ratio greater than 1. 
The formula (with benefits and costs discounted to present value) is as fullows: 

N 
}; Bt (1 + i)-t 

B/C (i) = t= 0 
N 
l: ct <1 + n-t 

t= 0 

where: B/C (i) = benefit-cost ratio at the given interest i. 

Bt = cash flow of net benefit at year t 

ct = cash flow of net cost at year t 

= discount rate or interest rate 

N = economic life of the investment. 

lnterml Rate of Return Method (IRR) 

This method calculates the rate of return an investment is expected to yield. The IRR 
expresses its investment alternative in terms of rate of return (a compound interest rate). The 
expected rate of return is the interest for which total discounted benefits become just equal to 
total discounted costs. The criterion is to accept a project for which the IRR is greater than the 
discount rate i. The criterion for selection among mutually exclusive alternatives is the highest 

incremental IRR. 
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· System of Units 

Table A.9 S,.bols m Units 

Symbol 

m 
km 
L 
min 
h 
d 
yr 
a 
kg 
kglh 
t 
tpa 
J 
kJ 
GJ 
w 
kW 
MW 
kWh 
M\Ml 
kV 
kVA 
MVA 
Im 
Ix 
W/m

0
k 

W/m2 

W/sr 
MB 
TOE (toe} 
MTOE (MToe) 

Unit 

metre 
kilometre 
litre 
minute 
hour 
day 
year 
annum 
kilogram 
kilawarn per hour 
tonne ( = 1000 kg) 
tonnes per annum 
joule 
kilojoule. 
gigajoule 
watt 
i<ilowatt 
megawatt 
l(ilowatt hour 
megawatt hour 
kilovolt 
kilovolt ampere 
megavolt ampere 
lumen 
lux. ( = 1 lm/m2

) 

watts per r:ietre kelvin 
watts per square metre 
watts per steradian 
thousand barrels 
tonne of oil equivalent 
thousands TOE 
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Table A.10 SI Prefixes . 

l 

< 
FKtOr by which the 

unit is multiplied 

exa E 10•• 
peta p 10•s 

tera T 1012 

giga G 109 

mega M 106 

kilo k 103 

hecto h 102 

deca da 10 
deci d 10-1 

centi c 10-2 

milli m 10-l 

miao u 10-6 

nano n 10-' 
pico p 10-12 

femto f 10-15 

atto a 10-18 

Table A.11 Selected Conversion Factors to SI Units 

US or Metric Unit Multiply by To Obtain SI Unit 

slug 14.594 kg 

lbm 0.4539 kg 

tonne (2204.6 lbm) 1.000 kg 

cu ft 0.028 ml 

U.S. gallon 3.785 )( 10-3 ml 

3 785 L 

barrei of oil 
(42 U.S. gallons) 159 L 

Bt..1 1,055.1 J 
kcal 4,187 J 
hp-h 2.685 MJ 

Btu/h 0.2931 w 
hp 746 w 

Btulh-ft2 3.1525 W/m2 

Btu/lbm 2.326 kJ/kg 
kcal/kg 4.187 kJ/kg 

Btu/ft3 37.26 kJ/m 3 

psi 6.895 kPa 
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T11ble A.12 No~I Wapt Units 

EQUALS 
1 UNIT OF: 

t kg sh. ton I. ton 

tonne (metric ton. t) 1.0 1000 1.102 0.984 
kilogram (kg) 0.001 1.0 1102x10'*6 9841t10-6 

short ton (sh. ton) 0.9072 907.2 1.0 
long ton U. ton) 1.016 1016 1.120 
pound (lb) 0.45x1ll-3 0.454 0.5x10-3 

Note: Tonne end kilogqm we tabn •force units hefe. 
kg is metric. not SI in this C*e. 

Tonne• a Wlight unit is sometimes written • tonnef. 
to distinguish it from the metric unit of mm which goes 
by the_... name• T8ble A.3) 

Table A.13 Volume Uaits 

EOUALI 
1UNITOF: .... lt/d ... l.G • 

Berm Cbbl) 1.0 2.74x1Cf3 42 34.97 

Blrnrl per cl8y (b/d) - UJO 15,330 12,764 

us Gallon""' 23.8xUf3 85x106 1.00 0.833 

lmpeNI ... (l.G.) 28.6x1Cf3 78x1Cf11 1.201 1.00 

Cubic mew (m3 I 8.288 0.017 284.2 220.0 

Litre (LI 8.29x1Cf3 17.2x1Cf6 0.264 0.220 

Cubic foot (cu fl) 0.178 0.49x1Cf3 7.48 8.23 

96 

0.893 
1.0 
0.446x10'" 3 

•' L 

0.159 159 

58 58,035 

3.711ix10-3 3.786 

4.548x1cr3 4.548 

1.00 1000 

0.001 1.00 

o.o:ze 28.3 

lbs 

2205 
2.205 
2000 
240 
1.0 

Cil ft 

5.115 

2,D49 

0.134 

0.181 

35.3 

O.D35 

1.00 



Checklist of E•11Y Camnatill 0...........-

1 
R111•dl. plen 
endlChedule ' '---------------' ' ' ' ' ' 

L..2 __ Evlll;...__ ... _.;:;perfonNnce,.;._ ___ ~ - __ :!JL..2---~-mdor ____ enc1_1or_COfllU __ .... __ • ... 
ofexisting plent -1 - ·-

3 

4 
Ser.., COl...,.tion option• 
for applicability 

5 
&eluate specif'IC 
options to existing plent 

6 
Plrform complete 
economic .,.1ysi1 

7 
Design and engineer 
system (inhou•) 

8 ConstrUCt System 

9 
Evaluate performance 
periodically 

' ' ' ' ' .. 
' 

::~· Vendor lftd/or consultant I 
' ' 

economic .. 1ysis 

' I 

' 
, 

I 
>{ I 

I ' I 

,' ::i 7• 

I 

ContrKte>r engin..,ing 
anct•ign , , , , , , 

RequirMl leefJI 

.... ---------- ()ptioMI ... 

Fipre A.JO Steps in lmplementin1 a O¥elaD Enaay-Coaenation Propmn. 
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How to Conduct an Energy Audit 

An energy audit is the starting point for implementation and control of the energy conserva
tion program. It is a critical examination of an energy consuming facility. The typical objectives for 
conducting an audit are to set energy conservation goals, develop energy standards, identify and 
analyze energy saving opportunities, and establish an accounting and reporting system. 

The Energy audit is usually categorized into 3 levels of activity: 

1. Primary or Preliminary Audit 
It consists of recording and analyzing energy use by cost center or equipment over a 

fixed period of time (1-3 days). 

2. Detailed Audit 

:--

' ' ' 
' ' ' ' ' ' ' ' ' ' ' ' ' ' 
' ' ' 

• 

le consists of recording complete energy use data for every cost center over a fixed 
period of time and calculating energy ball'lces and efficiencies. This takes weeks, sometimes 

months to finish. 

- .. 2 - Colloct-.. - - --... --COMUmPIG' llllilat. 

' ~ - - ----· - ... 
3 

CdloC'I- - _,., - - -- ----- 4 tdC"JMJ'olt. -. .............. .,.. 
L....--

I ...,.., 
°"""'°" ' -- 5 

0 ..,OOfllCI:.,..., -... - "'-· 0 ....... , -- .... .....,,,,., 1mprowd ......__ ........... -- -- - - i11M11 

.... C9f Afttert. 
.,,..,.. .... lftd ....,., ... . ......... ,,. ..... -·· a.-.a....,...,... --· 0 .......... .,... -" 

! 
' ' ----i ' ' I • ,,_. - _.,,_ 

i--- ..... """' ...... ---......... OW• -· -·· 
I 

I : LEJ 
!. .............. ·---···-···-··----······---··········------····---···-' 

I 7 c:.-_,,,.....,. • .. -..- 4 ...... • ..__ 
~ - ,_ 

i.- I - -.... I ..,__....,. -- ' ..... ' I 

I 

Fipre A.I I The Auclitin& Proee• 
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3. Plant Surveys 
It consists of identifying obvious energy wastage situations. recommending measures 

through improved maintenance and operating practices. It also involves recommending and 
analyzing energy conservation opportunities which require minor expense or major capital 

investments. 
Auditing process consists of both observing the cost center and analyzing the results 

of observation. A step-by-step approach for conducting a detailed audit is shown in Figure 

A.11. A sample of a final report checklist is shown in Table A. 14. 

Table A.14 Final Report Checklist 

Operating unit---- Cost center ---- Date audited ----

1. A statement of ojective of the audit 
2. Names of individuals conducting audit 

Survey Team Analysis Team 

3. A statement of assumptions (if any) 

4. Primary Audit Data 
Purchased energy records (Table A.15) 
Generated/marketed energy records (Table A.16) 
Recycled energy records (Table A.17) 
Energy records summary (Table A.18) 

5. Detailed Audit Data 
Electrical energy audit (Table A.19) 
Oil energy audit 
Gas energy audit 
Coal energy audit 
Other 

6. Other Technical Oatll 
Raw material energy (Table A.20) 
Production and general records (Table J' •• 21) 

7. A summary of energy balance ar.d efficiency calculations 
8. Details of energy balance and efficiency r,alculations 
9. A checklist of applicable energy conservation measures 

10. Analysis of opportuniti• 111mmary 
Cost of energy at point of use (Table A.22) 
Measuring performance and setting economic obiectives (Table A.23) 

11. Summary of capital P,.o;eCts analysis 
12. Details of capital project analysis 
13. Data for cost accounting system 
14. A statement of other findings 
15. A checklist of enclosures 
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Operating unit __ _ 

Energy generated by name of cost center Type of energy !!!!!!! 

•Fuel used in generation~ ••er.ergy used by name of cost center 

Month Input tonne of Input lcJ Cost of Input Olher <4s1S of Genera tad Output Total Cost 
(1) Caal (3) Fuel Generation kWh kJ inP 

(2) • ... (6) m f8) 
(4) (5) 

Jan. 
Feb. 
Mar. 

1st Otr. 

fl.v. 
May 
June 

2nd0tr. 

Jul. --
Aug. 
Sept. 

3rd Otr. 

-
Oct. 
Nov. 
Dec. 

4th Otr. 

Total 

(Use standard conversion factors for kJ/unit of fuel.) 
• If more than one type of fuel is used for generation of electricity, prepare three more columns 

similar to Columns 2, 3, 1nd 4 for another fuel. 
• • If .energy is supplied to more than one cost center, a s.eparate form should !>e preparad for 

each cost center. 
• • • The utility department's non-energy costs which must be allocated to various cost centers are 

listed here. 
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Table A.17 Recycled ElleflY Records 

()p.?rating unit -----------------
Year _______ _ 

Energy supplied by name of depatment 

Type of fuel replaced or sa.ed rmural gas 
~-~---------------------

Type of energy s~m condensate 

Energv used by name of cost center 

{recycled) I Total Fuel Total Total Fuel Total 
Month Volume kJ Costot• Used in kJ Cost of Cost S.wdby kJ • 

(1) 
in __ 

Received Recycling Generation Used fuel 
(4) - (7) Recyding s.1lld 

Sned 
Units (3) (4) --Units (6) 

(7) 
(8) -Units (10) 

(11) 
(2) (5) (9) 

Jan. 
Feb. I 

Mar. 

ht Otr . 

•• Mly 
June 

2nd Otr. 

Jul. 
Aug. 
Sept. 

-~·I I -. I I 
Oct. 
Nov. ·--
Dec. .._ 

4th Otr. 

·r - .. 
Toe.I 

• If a cost center is recyding its own energy, only this column wm go in the summary records. 
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(1) 

Mon1fl 

Jin. 
Feb. 
lbr. 

1st <ltr. 

Af>r. 
May .... 

2nd0tr. 

..... 
Aug. 
Sept. 

3rd Orr. 

Oct. 
Nov. 
Dec. 

4th Otr. 

Total 

Tahlc A.18 E.aagy Recanls - S-.-y 

Operating ...tt __ a.st Cllntlr __ v ... ---

(2) (3) (5) (6t (8) (9t 

Tomi Purchased T cal Get-. attad/ 
Tobi Recycled Tobi Enerty Mlrkmd 

kJ • kJ • kJ • kJ • 

. 

~ 
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Table A.19 Dmiled Eaergy Aadit-Elecbical 

Operating Unit -----

Prepared by ---·---

Date of audit -------

Cost center ---Month_ Year __ 

Item RatedW 
(1) 

A. All usage ex"11f motors 

Office lighting 
Outside lighting 
Tank heaters 
Ovens 
Other 

B. Motors 

Ventilating fans 
Air CGnditioners 
Hand tools 
Motor No. 1 
Compressor No:;. 1 
Other 

w hrs 
Used (2) Used (3) 

Total 

kWh kJ 
(4) (5) 

Note 1: W = V x A. For fluorescent tubes, add 20% for ballast (multiply ra·,;ng by 1.20). For 
3-phase motors, W = V x A x 1.732. 

Note 2: Rated W times the fraction of Flusually about 70%. If the operating current has been 
measured, use V times the measured current (times 1.732 if it is 3-phase motor). 

Note 3: Estimated number of hours used during each month. 

Note 4: ror all items in A multiply (1) and (3) and divide by 1,000. For all items in B. multiply 
(2) and (3) and divide by 1,000. 

Now 5: Use 3600 kJ per kWh for accounting purposes. 
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Table A. 20 Raw Material Energy Records 

Cost Center 

-
Raw Material "A" Raw Materiil "B" Raw Material "C" Total 

Total Conversion 
Total Conversion 

Month Raw Material & Raw Material 
kg kJ/kg kJ kg kJ/kg kJ kg kJ/kg kJ kJ kJ kJ 

Jan. 

Feb. 

Mir. 

Otr.1 

Apr. 

Mly I -~ June 

Otr. 2 

July - -Aug. -
Sept. 

Otr. 3 

Oct. 

Nov. 

Otc. 
Otr.4 

Tota\ -
From Column 8 energy records Summary (Table A.18) 



Table A. 21 ""411ction wt General Records 

Operating Unit ----------

Product line ------------

Space - Sq.~. 

Exposure -------------

Month Units Actual Normal 
(1) Produced Direct Production 

(2J labor hrs. Capacity 

Used (4} 

(3) 

Ja.,. 
Feb. 
Mar. 

1st Otr. 

Apr. 
May 
June 

2nd Otr. 

Jul. -Aug. 
Sept. 

3rd Otr. 

Oct. 
Nov. 
Dec. 

4th Otr. 

Total 
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Year -------

Costcenter -------

Normal Direct Coaling Energy 
labor hrs. Degree Used 

(5J Days for Pollution 
(6) Control 

(7) 

I 



A 
Transfer System 1 

-
~ 

(e.g .• steam generation) 

A = point of entry (purchased _-nergy) 
B = midpoint. 
C = point of use (useful energy). 

e_ Transfer System 2 

-
(e.g. distribution) 

Figure A.12 Plant Energy Schematic 

Table A. 22 Calculating Unit Cost of Energy* 

Fuel Oil 
No. 2 No.6 Coal 

1. Total Cost 
(from purchased 
energy records) 

2. Total ~J 
(from purchased 
energy records) 

3. ~/kJ 

(at point of entry) I 

I ill 
(2) 

4. Energy efficiency 
of Transfer System 1 

5. Variable operating 
costs of Transfer 
System 1 in gfkJ 
output 

6 ~ /kJ at point of 
exit to Transfer 
System 1 
(3) + (5) 
(4; 

7. Energy efficiency of 
Transfer Syster.i 2 

8. Variable operating cosu 
of Trasnfer Sy,tem 2 in 
.g /kJ output -

9. .g ikJ at point of use 
(6) + (8) 
(7) 

Refer to Figure A.12 
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Table A. 23 Monitoring Economic Performance and Setting Economic Objectifts 

Operating unit Cost center ------- Month ------

Product, e.i:(Uipment, process --------- Year __ _ 

Actual • Standlrds or 
Revised target standards 

benchmarks 
Variance after impleMenta!ion 

(if available) or 
from Phase I Phase II 

last mo Last 12mo 
industry norms 

Standards Econ. Econ. 
average measures ~sores 

Column 1 Column2 Column? Column4 Columns Column& 

1. Total input 
energy in kJ 

2. Total useful 
output in kJ or 
in units of product 
or labor hrs. 

3. Energy Efficiency 
or standard 

4. fl /kJ of input 
energy 

5. Total~ 

• All figures in the table are per month. 
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Directory of Tech1ical Assistance Centers 

N/,TIONAL ENGINEERING CENTER 
University of the Philippines 
Diliman, Quezon City 
Telephone No.: 922-47-14 

97-60-61/81 loc. 883 
Cor. tact Person : 

Dr. Leopoldo V. Abis 
Executive Director 

CONSERVATION DIVISION 
BUREAU OF ENERGY UTILIZATION 
Merritt Road. Fort Bonifacio 
Makati, Metro Manila 
Telephone No.: 87-76-33 
Contact f'erson: 

Mr. Benjamin P. Lim 
O:vision Chief 

INSTRUMENTATION SYSTEM ENGINEERING 

INSTRUMENTATIONS, INC. 
235 Salcedo St., Legaspi Village 
Makati, Metro M,1nila 
Telephone No.: 88-71-18, 88-71-12 
Contac+ Person: 

Mr. Ruben C. Romero 
Manager, Technical Services 

LIGHTING SYSTEMS 

EXCEL PRODUCTS, INC. 
Lighting Division 
Sunrise Condominium I 
Suite 410, 4th Floor 
Ortigas Ave., Greenhills 
San Juan, Metro Manila 
Telephone No.: 721-16-17, 721-62·13 
Contact Person: 

Mr. Rodolfo Natividad 
ViCP.·President, Marketing 

INDUSTRIAL WATER TREATMENT 

TRANS WORLD TRADING CO.,INC. 
4th Fir., Don Pablo Building 
114 Amorsolo Street, Legaspi Village 
Makati, Metro ManilP. 
Telephone No.: 88·13-62 
Contact Person: 

Mr. Gregorio D. Tiamzon 
Product Manager-Water Treatment 

PHILIPS ELECTRICAL LAMPS, INC. 
2246 Pasong Tamo Extension 
Makati, Metro Manila 
Telephone No.: 88-91 ·83 
Contact Person: 

Mr. Cesar S. Domingo 
Sales Manager 

W.R. GRACE (PHILIPPINES), INC. 
Dearborn Chemical Division 
16 Cristobal Street, Paco 
Manila 
Telephone No.: 59-09-01 
Contact-Person: 
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Mr. Cirlo S. Guanzon 
Marketing Manager 
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INSULATION 

ACI FIBERGLASS. ACI PHiLIPPINES. INC. 
Ground Floor, Republic Glass Building 
T ordesilias cor. Gallardo Street 
Salcedo Village. Makati, Metro Mani!a 
Telephone No.: 817-74-01 to 03 
Contact Person: 

Mr. Manuel Canlas 
Marketing Manager 

PHILIPPINE INSULATION 
Rudnev Manufacturing Corp. 
Rm. 605-611. P.S. Bank. Bldg. 
Ayala Ave .• Mak3ti, Metro Manila 
Telephone No.: 88-52-50. 85-87-36 

85-87-50 
Contact Person: 

Mr .• less Lopez 
Marketing Mal'\ager 

HEAT EXCHANGE AND HEAT RECOVERY EQUIPMENT 

APV-BELL BRYANT MFG .• CORP. 
Marcos Alvarez Ave .• Talon 
Las Piftas, Metro Manila 
Telephone No.: 801-05-66 
Contact Person: 

Mr. Walter J. Jeremiejczyk 
Regional Manager - Processing 

Engineering 

STEAM SYSTEMS ENGINEERING 

STEAM SYSTEMS PHILIPPINES. INC. 
112 Villonco Road, (Sucat Interchange) 
Paranaque, Metro Manila 
Telephone No.: 842-30-33, 842-20-59 
Contact Person: 

Mr. Jean B. Fule 
Senior Engineer 

PHILSKAN INDUSTRIES CORP. 
4th Fir., ADC Building 
Ayala Avenue, Makati, Metro Manila 
Telephone No.: 818·34-66. 87-29-01 
Contact Person: 

Mr. Renato Guinto 
General Manager 

POWER FACTOR CORRECTION AND ELECTRICAL EQUIPMENT 

ASEA (PHILIPPINES). INC. 
Km. 20 South Superhighway 
Paraiiaque, Metro Manila 
Telephone No.: 828-45-65, 82740·90 

82744-17 

Contact Person: 
Mr. Ulf Bergmark 
Manager 
Service and Manufacturing Division 

RICE MILLING EQUIPMENT 

SEA COMMERCIAL CO. INC. 
3085 R. Magsaysay Blvd. 
cor. Vicente Cruz Street 
Sta. Mesa, Mt!tro Manila 
Telephone No.: 61·15·21, 61·15··23, 

62-55-09 
Contact Person: 

Mr. Paterno Limcauco 
Manager-Central Luzon and 
Southern Luzon 
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