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1. INTRODUCTION 

The Sunkist Citrus Plant in Ontario, California processes about six 

million pounds of citrus fruit per day to make a variety of products which 

include frozen concentrated juice; chilled, pasteurized, natural strength 

juice; molasses from peel; dried meal from peel; pectin; citrus oil; and 

;bioflavonoids. The entire plant typically requires about 50 x 106 

kilowatt-hours of electrical power per year and about 10 x 1011 BTU per .year 

of thermal energy from the combustion of natural gas or fuel oil. Presently, 

all electrical power is purchased from Southern California Edison and all the 

thermal energy is produced on-site in the furnaces of steam boilers and of 

dryers. 

The preferred fuel for steam generation and for drying has been natural 

gas. However, the price of natural gas is being deregulated, resulting in a 

very rapid escalation of fuel costs. Since citrus fruit processing is 

presently an energy intensive operation, the substantially higher cost of fuel 

results in much higher processing costs and ultimately in higher market prices 

for citrus products. Some products may be discontinued if the cost of fuel 

makes them too expensive. 

The Sunkist citrus fruit processing plant was originally designed when 

natural gas was considered to be plentiful and was the most economical energy 

source. Consequently, energy utilization efficiency was not a predominant 

faetor in its origin~l design nor in the original design of other types of 

food processing plants. The energy intensive operations at the Sunkist plant 

include concentration, drying, and refrigeration. 

An examination of the manner in which these operations are executed and 

the manner in which their en~rgy requirements ar~ s~tisfied provides an 

opportunity for th~ application of innovative system concepts which will 

significantly reduce the total energy demand of the plant. These concepts are 

based on available technology. The evaporation, drying, and refrigeration 

operations in citrus processing are typical of other food processing 

industries, and energy conserving systems developed for citrus processing 

could be adapted to other types of food processing. 
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2. OBJECTIVE 

The principal objective of the work is to identify an economically viable 

alternative to the existing method of meeting the energy requirements of 

citrus fruit processing that will substantially reduce the overall energy 

usage of citrus processing plants. This objective will be accomplished in a 

two-phase project consisting of a systems definition study in, phase one anci a 

systcmn evaluallon study in phase two. The project is designed to identify 

th~ overall configuration, equipment specifications, the analytically 

predicted performance and operating characteristics, and the projected total 

cost of $P.veral alte.rnat.i.ve systems. This information provides the basis for 

the selection of the system that is most desirable,both in terms of economic 

viability for the citrus processing industry,and of reduced energy usage. The 

final results of the project consist of the selected alternative system, a 

strategy for its implementation, and the technology transfer activity. 

The project is structured so that currently available components are used 

in different arrangements to constitute the different types of alternative 

systems. The components which will make up the alternative systems include: 

evaporators, dryers, refrigeration unit3, heal pumps, heat engines, heat 

exchangers, thermal storage units, and ancillary components. These components 

will b~ used t.n form the five over·a Lional units of the citrus processing 

plant. These operational units ~re: evaporation, dr~lng, refrigeration, 

pasteurizing arid canning, and the plant electrical load that consists Of 

operations such as conv~ying and juice ~xtr~~tion. The five over~tional ~nits 

are then interrelated to varying degrees with respect to energy exchange to 

form different types of alternative systems. ThP.~P. alt~rnativP. ~ygterus ulffer 

from existing systems in that they make optimum use of thermodynamic 

regeneration, cascaded energy utilization, and thermal storage to minimize the 

energy usage of the citrus processing operations without changing the product 

process slream state variables. 

2 



3.0 APPROACH 

3.1 Types of Alternative Systems 

The study of alternative systems to reduce energy usage in citrus 

processing focused on the manner in which the energy requirements of the 

various basic operations in citrus processing are satisfied. These 

fundamental energy requirements are taken as they presently exist, except 

where there is an advantage in changing a particular operation where known 

flexibility of process requirements may be advantageously exploited. The 

different types of alternative systems for meeting these operational energy 

requirements will consist of different arrangements of some or all of the 

following major components: evaporators, dryers, heat engines, heat pumps, 

refrigeration machines, heat exchangers, compressors, and pumps, thermal 

storage units, and microprocessors. The alternative systems feature cascaded 

energy utilization wherein the heat source, work absorbing or producing and 

heat rejection characteristics of the various components and subsystems are 

properly matched to satisfy the specific energy requirements of the basic 

operations of citrus processing. Where operationally and econo~ically 

feasible, and in addition to cascaded energy utilization, the alternative 

systems will incorporate thermodynamic regeneration, thermal storage, and 

microprocessor control to minimize the plant's overall energy usage. 

The basic operations of citrus processing and their supporting operations 

which will be con3idcrcd in this project are: 

a. evaporation of citrus juice to produce a concentrate, and evaporation 

of peel liquor to produce molasses; 

b. refrigeration for chilling, fre~:l.lug, and 3torogc of oitrus. jnir.P. 

products; 

c. pasteurizing and canning of citrus juice; 

d. drying of peel and pulp to produce dried citrus meal; 

3 



e. the various electrically driven operations, such as conveying, 

grinding, pressing, juice extraction, centrifuging, fluid pumping, 

compressing, pelletizing, and ventilation; 

f. the supply of energy to the basic operations by means of an energy 

supply subsystem which may be based on purchased electrical power and 

boiler generated steam or it may incorporate a heat engine. 

These basic operations are performed by individual assemblages of 

components that are referred to as "Operational Units". The operatio;h units 
I 

lhat are to be considered in this study are shown in Figure 1 as they exist 

within the present energy utilization system of the Sunkist plant in Ontftrio,. 

California. Each of the alternative energy utilization systems to be 

considered in this study is comprised of the five operational units shown in 

Figure 1, which are Evaporation, Pasteurization and canning, Refrigeration, 

Drying and the Plant Electrical Load. The energy supply.subsystem, which is a 

separate entity, will be partially or wholly incorporated as part of the 

operational units of certain types of alternative systems. The alternative 

systems to be considered in this project are classified in four general 

categories, denoted as Central, Modular, Integrated, and Combined. These 

categories are distinguished by the extent to which the operational unft3 of 

the citrus processing plant are interrelated wlth respect to energy usage and 

flow.· 

The Central ~stems feature a separate central energy supply subsystem 

from which the energy requirements of the ope~~Llonnl unit~ are supplied~ The 

conceptual layout and enerF;y flow pRt.h~ for one of the .seve1·al central Systems 

to be considered are illustrated in Figure 2. 

A Modular system consists of the five operational units wherein an 

individual energy supply subsystem is contained within each separate 

operational unit. The aforementioned balance between thermally-driven and 

work-driveh operations within the modular operational units will be adjusted 

to optimally exploit the heat source, work producing, and heat rejection 

characteristics of the energy supply subsystem. An illustration of a Modular 

system is shown in Figure 3. 
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The Integrated systems consist of operational units of which at least one 

inporporates an energy supply subsystem. The five operational units are 

interrelated such that their heat and work requirements are met either with a 

reduced need or completely without the need for a separate central energy 

supply subsystem. Within each operational unit both the balance between the 

thermally-driven and work-driven operations and the type of heat engine may be 

selected to produce a net surplus or deficiency of heat or work which will 

match a reciprocal heat or work requirement of other operational units. An 

example of an integrated system in which the operational units are configured 

and interrelated so that no separate energy supply subsystem is required and 

no electricity is exchanged with the utility is shown in Figure 4. 

The Combined systems consist of the five operational units and a separate 

energy supply subsystem with the possibility of electricity exchange with the 

~tility company being considered. The Combined systems will be configured and 

arranged to achieve either minimum total cost of minimum total energy usage 

under the requirement of maintaining an acceptable rate of return on invested 

capital. The Combined systems will be based on selected operational units 

that were configured for the other system categories. An illustration of the 

concept of Combined systems which is representative of several such systems to 

be considered is shown in Figure 5. The Combined system illustrated 

makes use of a modular evaporation operational unit, while the refrigeration, 

the drying, and th~ pasteurizing and canning operational units are from an 

Integr·a ted system, and the plant electrical load is met with electricity from 

the public utility. It is likely that some version of a Combined system will 

prove to be the most attractive of the alternative systems. 

3.2 Compon~ntA of Operational ffi1lL~ and SU5Systems 

The components from which the operationrtl units and the c-m~rgy supply 

subsystems will be synthesized are listed and briefly described below. These 

components are the basic elements that will be used in diffepent combinations 

and arrangements to form all the alternative systems: 

A. Evaporators: Evaporation operations may be driven with energy in the 

form of either heat or work, and a single evaporator unit may utilize 

both thermally-driven stages and mechanically-driven stages. 

8 
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Hultiple-effec~, thermally-driven evaporators and mechanically

driven evaporators of both .the vapor-recompression type and the 

heat-pump type will be analyzed ·for use in the evaporator 

subsystems. 

B. Refrigeration Machines: Refriger.at·ion operations may also be driven 

with either heat or work. Thermally-driven absorption refrigeration 

and two types of mechanical ·refrigeration, vapor-compression and 

regenerative gas-~xpansion will be considered for the alternative 

systems. 

C. ' He.at ·Pumps: Heat pumps are work-driven .devices which function to 

elevate heat from a low temperature reservoir to a higher·temperature 

reservoir. For. example, consider that a ·fluid effluent stream is 

available at a temperature of 200° F (93° C). A heat pump could be 

employed to recover a portion of the heat of the effluent st.ream to 

supply some operation that requires heat at a temperature of 300° F. 

(149° C). 

D. Thermal St()rage Units: Different types of .. thermal storage units will 

be parameterically examined for use. in the alternative systems to 
. . . 

mi ti_gate any energy usage increase resulting from transient 

processing load and duty cycles. 

E. Heat Exchangers: Heat exchangers are essential subsystem components 

wh~~e pP.rformance will be parametrically characterized. Waste heat 

boilers and fluid effluent heat recovery units are exampl~s of heat 

exchangers to be utilized in the alternative systems. 

F. Dryers: -The dr:ying operations at the Sunkist planfs require large 

amounts or heat at fairly IJlgh tempcratureR. The effort of this 

study will be directed toward the manner in which the·heat 

requirements of the drying operation are met and, except for 

minimizing direct thermal losses, will not explor~ extensive changes 

.in the drying operation itself. Among the options to be examined is 

the use of gas turbine exhaust to provide heat for the drying 

operation. 
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G. Heat Engine.s: Ttte three fundamental types_ of heat engines ·upon which 

the energy supply subsystems can be based are the Brayton (gas 

turbine), Diesel, and Rankine (steam turbine). These engines ·have. 

markedly different characteri-stics and are one basis for variation 

with_in a category of alternative systems. 

In addition to the major subsystem components described above, the 

alternative systems will incorporate such components as compressors, pump~, 

3team ejectors, and electric motors. 

14. WORK PLAN 

4.1 . Overview of thP Project 

The proposed work is being carried out in two phases, each phase requiring 

one year to complete •. The. first 'phase is a systems definition study, which 

ter~inates_with a general description of alternative system cnn~epts and a 

prelimluary economic and ene_rgy usage evaluation. The second phase is a 
systems evaluation study in which the aJ ternative system concepts pr·ovide the 

ba si.s for a maN~ detailed perfOI'IDe:wce a_nalysis and optimization via t:'Omputer 

·simulation. The energy usage, operating cost, initial cost, arid syst~m 

cip~rat\ng oho~aeteri~Ll~s tfiu§ established ~erve as the basis for.the I . . 
evaluation of the alternative systems and the IDJh~~quent eclcetion uf th~ mo~t 

deslrable system. 

14.2 Task Descriptions - Phase I Systems. Definition 

The individual tasks that make up the two phases of this project are 

listed in>.Table 1, and a more detailed description of the technical work to be 

·Pe.rformed in each o~ the tasks of phase I is given below. The work that ha!J 

acLually been done through March 1980 is described in a subs~quent section of 

this report. 
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Table 1. List of Tasks Comprising the Project -
-TASK NUMBER AND TITLE 

·PHASE I 

·t.A lde·ntification of 
Constraints, 
Jtequirements and 
External Factors 

.J.! Characterization of 
Basic Operations 

I. C Thermodynat:i c Analy-· 
sis of Operationi 
and Components 

· I.D Synthesis of Alter
native Systems 

I.E Preliminary Evalua
·tion 

DESCRIPTION OF ACTIVITY 

SYSTEMS DEFINITION · 

• Environmental and pro
duct quality factors 

.e Government regulations 
• Establishment of total 

cost function 
• .Future energy ~ost and 

availability projec
tions 

• Uncertainty assessment 
of projections 

• Analytical and experi
mental determination 
of process state 
variables and through
put in existing 
system 

• Formulation and 
validation of analyt
ical models of 
components·and opera
tions 

• Formulation of 
·conceptual layout of 
alternative systems 
and preliminary 
predi.ct ion of 
performance and 
operating .character
istics 

• Selection of more 
promising alternative 
1ystems on basis of 
preliminary economic 
and ·energy usage 
characteristics 
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JPL JU:SPONSIBlL!n· 

Assist Sunkist in :estab
lishing the total cost 
function, the energy 
cost and availability 
projections, and the 
uncertainty assessment 

Assist Sunkist in 
identifying the measure
ments to be made and in 
·the formulation of the 

· data ·reduction algoritht: 

JPL will perform the 
analysis based on the 
characterization provided 
by Sunkis.t 

JPL will perform the 
systems synthesis based 
on the criteria provided 
by Sunkist· 

Assist Sunkist in 
preliminary application 
of total cost function 
and in the establishment 
of energy usage.and 
uy~r6tint eharaCfPTi~tiCS 

of alternative systems 



l. 

Table 1. (continued) 

TASK NUMBER AND TITLt DtSCRIPTION OF ACTIVITY 

II.A 

II.B 

PHASt II 

Simulation of 
Components and· 
Operations 

Systett Model 
Integration 

II. C System 
optimization 

II.D Implementation 

li.E Evaluation and 
Selection 

• 
SYSTEMS EVALUATION 

Formulation of computer 
codes based ori analysis 
of Task l.C 

• .Assemblage of 

• 

• 

• 

component simulation 
codes to form complete · 
system models for· 
alternative systems 
identified in Task I.E 

Variation of system 
configuration specifi
~@tion& to ~stabllsh 
the system configura- · 
ti.ons that yield 
(1) minimum total cost 
and (2) minimum energy 
usage under the 
requirement of econom
ic viability 

Assessment of impact 
of implementation of 
alternative systems 
on existing process-
1ng plant; acquiGition 
time phasing. construc
tion scheduling and 
planning, long term 
uncertainty analysis 

$election of a system 
to be put into us~ 
based on: 
• total cost function 
e rate of return on 

capital 
• implementation 

options 
• uncertainty assess

ment 
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JPL RESPONSIBILITY 
" 

JPL will formulate the 
computer codes to be 
validated according to 
criteria provided by 
Sun kist 

JPL will assembl~ the 
component simulation 
models to form systett 
models representing the 
alternative systems~ 
Sunkist will assist in 
aystem model formulation 
and provide criteria for 
checkout 

JPL will perform the 
technical work requ~ired 
to exercise th~ system 
models according to the 
optimization criterion 
developed by Sunkist 

.Jl'L will provide ttn::hni
cal suppor~ regarding 
system charact~ristics 

JPL ~111 assist Sunkist 
in establishing the 
quantitative telettion 
.criteria 



Table 1. (continued) 

TASK Nt~ER AND.TITLE DESCRIPTION OF ACTIVITY 

PHASE II . 

II.£ (continued) 

Il.F Techhology Transfer • 

SYSTEMS E\'ALUATlON 

• energy conservation 
assessment 

• capital requirements 
and risk analysis 

Assessment of applica
bility of study method
ology, techniques, and 
optimum systems to 
other food processing 
industries, and 
communication of study 
results to food 
processing industry· 
and technical 
community via: 
• industry workshop 

or technical 
conference 
discussion 

• project report 
• technical ~aper 
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JPL R.ESPO~SlBlllTY 

JPL and Sunkist ~ill 
share ~qual responsibility 
in preparing for and 
carrying out the Technol
ogy Tr.ansfer Task as 
described 



TASK I.A: Identification of Constraints, Requirements and External 

Factors. 

This task is concerned with identification and assessment of the criteri.a 

that the alternative systems must meet in order to be acceptable •. Constraints 

are those criteria that are stated as initial assumptions or starting 

premises. Requirements include those criteria which are externa1ly ma.ndated, 

such as air pollution or wastewater standards, FDA standards regarding food 
~ 

processing, and government safety regulations. Requirements also include 

internally imposed mandates such as product quality standards, plant operating 

procedures, economic criteria, and finan.cing practices. An important activity 

in Task I.A i~ the establishment-of the total cost function. The total cost 

function Will properly weigh the OPerating cost, 'thE'! inH.ir:~.l cost, and the· 

expected seryice life of the alternative systems. This activity must include 

consideration of the rate of return·on invested capital~ interest rates on 

borrowed capital, sinking fund interest rates, and assessments of financial 

risk. 

External factors must be assessed and considered in the synthesis, 

optimization, and selection of an alternative system. External factors 

include matters of policy, such as that of the Public Utility Commission and 

the Electric Utility Company regardi~g industrial power generation, arid 

matters of fuel cost and priority. Other external factors which must be 

addressed are the projected costs of utility supplied electrical powP.r and of 

the different types of.: fuel expected to be available for use in· the plant. In 

addition, the uncertainty of thP projP.otions of'fuel and electricity eo~t~ 

must be assessed. 

The results of Task I.A are utilized in the synthesis of the alternative 

system concepts and in. the preliminary evaluation of the alternative.systems. 
'\ 

TASK I.B:. ·Characterization of Prodess and Subsistems 

The basic operations of citrus.fruit processing shall be characterized in 

terms of inlet and exit states of the. various. process streams and the values 

of the thermodynamic variables at critical points along the process flow 

path. The required thermodynamic variables and other parameters su9h as fluid 

flow rates and electrical power consumption must be experimentally measured in 

the existing subsystems, opera.tional units, and components if they are not 
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presently being measured or cannot be analytically calculated from well 

established information. The major· operational units that must be 

characterized are evaporators, dryers, refrigeration systems, the low 

temperature heating loads such as pasteurizing and canning, and the electrical 

loads of compressors, pumps, and mechanical driv~ units • 

. ·The drying operation is presently linked with a waste-heat evaporator 

which produces molasses from peel liquor. The present operation represents a 

significant effort toward energy conservation by utilizing the heat absorbed 

by the water evaporated from the moist peel inside th.e dryer to subsequently 

provide the heat required to concentrate the liquor that is pressed from the 

peel prior to its entering the dryer. The existing ~r~er-waste heat 

evaporator combination must be thoroughly characterized to enable 

alte·rnatrives to the presently used furnace to be examined as .a source of hot 

gas for the dryer. Dryer parameters which are.required include solid material 

flow, gas flow, gas temperatures and the moisture content of the solid and gas 

at both the entrance and the exit of the kiln. ·Residual oxygen and carbon 

monoxide concentrations in .the furnace will be measured to evaluate combustion 

efficiency. 

The refrigeration operation will be characterized in terms of capacity 
. . 

(heat removal/unit time) required to chill or· freeze .the product streams and 

to maintain the frozen products at their storage temperature. : The 

measurements required wili enable the pres~ntly delivered refrigeration 

capacity and the ~lectrical power consumption of existing units to be 

determined. 

The energy requirements of operations now being met with steam heating 

such as pasteurizing and canning may be established from the mass flow and the 

thP.rmodynamic state of the supply steam. The electrical power requirements 

for pumps and compressors may either be analytically determined from well 

established performance characteristics, or experimentally measured as is 

appropriate. 
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The results of Task I.B·will be given as detailed process flow charts and 

energy flow diagrams with accompanying graphs 'and tables as required to 

describe the energy requirements of the basic processes and operations both 

with and without consideration of the operating efficiencies of existing 

equipment. This information will be subsequently used in Tasks I.e, I.D, and 

II.A as a guidance and input for the thermodynamic analysis, the synthesis of 

alternative systems, and the formulation of the computer simulation codes for 

the various components and subsystems. 

TASK I.C: Thermodynamic Analysis of Components 

Task I. C. consists of apply-ing the principles of·. thermodynamics and fluid 

mechanics to the processes that occur within each of the components enumerated 

in Section·3.3.4. Fluid-dynamic and thermodynamic equations .will be applied 

in conjunction with physical properties data for the fluids and materials 

being processed. 

The equations representing each component will be translated into. a 

computer code to simulate the·operation of that component. Simplified 

versions of the analysis for the components will be employed in the 

development of alternatiye systems, Task I.D., and in their preliminary· 

evaluation, Task I.E. 

A major portion of the t:lffort of Task I.C will be devoted to the analyses 

of ev.apora tors and dryPr~, The the1·modyuamic expertise of the key personnel 

at Sunkist and JPL, in addition to re~iew and 6ounsel by selected equipment 

manufacturers, will ensure that a nompr8henDive tJ•eat.ment of the technological 

options for evaporation and drying is achieved. 

Task I.D: Synthesis of Alternative Systems 

Alternative energy·utilization systems which meet the operation 

requirements of· citrus pr·ocessing will" be conceptually formulated. in Task 

I.D. ThA synthesiD of th~ alternative systems will consist of formulating a 

conceptual layout with properly matched components ·for each of the alternative 

systems. These alternative systems are four general categories, denoted as· 

Central, Mopular, Integrated and Combined. 
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The objective of this synthesis of the alternative systems is the 

minimization of the amount of energy that is utilized in the operations of 

citrus processing within the limits of economic feasibility. 

The characterization of basic operations from Task I.B and· the 

thermodynamic analysis of components from Task I.e will provide the 

quantitative information about the basic operatio~s and the understanding of 

the components that are !necessary to develop the alternative systems. A 
I 

simplified thermodynamic analysis from Task I.C will be employed to establish 

the approximate performance characteristics of the alternative systems in lieu 

of the more complex analysis which will later serve as the basis for 

simulation modeling. 

The output of Task I.D wHl consist of the general configuration and the 

approximate performance characteristics for several alternative energy 

utilization systems. The general· configuration will be presented in terms of 

a schematic layout of the major components which comprise the operational 

units and energy supply subsystems with approximate values of the energy flow 

and the process flow among the components being given. In addition, the 

capacity or size of the· major components will be estimated so that a 

representative initial cost can be subsequently established·.in Task I.E. The 

schematic layout diagram, a list of major components with their capacities and 

sizes, and an approximate performance analysis giving the energy utilization 

figures of merit of the entir~ systems constitutes the deliverable items of 

Task I.D. 

· TASK I.E: Preli~inary Evaluation 

The more promising of the several systems that were formulated during Task· 

I.D. will be identified in Task I.E. The activities of Task I.E will include 

estimation of the initial costs of the various alternative systems and 

projection of their operating c·osts. 
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5. PROGRESS OF TECHNICAL WORK 

.5.1 Project Status 

The project has encountered several delays. R.ecrui tin"g &.n engi-neer to do 

the work needed in Tasks I.A and_'I.B at Sunkist ~rowers, Inc., took longer 

than anticipated due to the critical shortage of mechanical and chemical 

engineers in California. Procurement of instruments also took longer than 

anticipated. In spite of this the project is only slightly behind schedule. 

Task· I.A, Identification of Constraints, as of March 31, 1980 was about 80 

percent complete~· Task I~B, Characterization of Operations, at the same dat~ 

was about 40 per.cent complete. Task I.C, Thermodynamic Analysis, was about·50 

percent complete. The extensions of the completion date for each of these 

ta~ks is shown on the milestone chart, Figure 6. A significant portion of 

Task I.D, Synthesis, has been performed during the course of the work on Tasks 

I.B and r.c. 

5.2 Work Completed.-- Task I.A 

As shown in Table 1, Task LA inclurles identifying ltHd environmental and 

the product quality requirements. It. calls for establishing the total ·cost 

function for the eco~omic evaluation of the alternative systems,.and the 

pro.jecting of futurP. pri~es for fuel c:unl electricity as well_ as assessing the 

inpact of existing and imminent Puhli~ Utility Commi8~lon rulings pertaining 

to fuel price and avail;:tbili ty t.o industrial cog~nerators. These activities 

·are largely complete and their results are presented in the following: 

5.2.1 Energy Price Projection 

The last six or seven years have seen rapid increases in energy prices, 

e~pecially fo~ petroleum products. In order to credi~ly proj~6t future fuei 

and electricity prices, the following factors are considered: anticipated 

policy decisions affecting price regulation and tax incentives, -pr.ospects for 

increased fuel production, and natural resource availability. In the 

following paragraphs, the impact of these factors on\electricity, diesel oil, 
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and natural gas prices are discussed, and price projections for the southern · 

Pacific coast region are presented. 

A. Electricity Price: Electricity prices to the Sunkist plant in Ontario 

have increased from 2.29¢ per kW/hr in January, 1975 to 6.2¢ per kW/hr. in 

June, 1980, amounting to an annual rate :or increase of. 19% during t~e five 

and one-half year period. A greater part of this electricity is generated 

by oil-fired plants. Presently, with legislation .~n requirements for coal 

plant siting in some states and its associated environmental restrictions, 

coal's contribution to electricity generation is not expected to be 

significant in the 1980-1985 time frame. 

Operation of nuclear plants is controlled by Federal Power Commission 

which has to date issued permits for operation of a limited number of 

nuclear plants, while at the same time, tightening control in the issue of 

construction permits. Moreover~ public opposit~on to the operation of 

nuclear plants has risen in response to problems and accidents that have 

occured in the existing nuclear plants. There.fore, in the near-term, 

1980-85, nuclear generated electricity is not expected to make a 

significant contribution. If this is the situation, it can be reasonably 

assumed that electricity supplies up to 1985 will come mostly from 

oil-fired plants as in the past. Under these circumstances, electricity 

prices may be expected to escalate similarly with oil prices·. 

An examination of the cost of oil-generated electricity-reveals that fuel 

cost constitutes about 75% of the total cost. It is therefore postulated 

that electricity prices may be expected to increase, in real terms, at.75% 

of the real rate of increase of oil. Hence, with a real e~calation rate 

for oil prices of 6.9%/year and an inflation rate of 8.3%/year as 

projected by the Macro Model of Data Resources, Inc• (DRI), dated 

Febru~ry, 1980, electricity prices are projected to increase at 13.5% per 

year during the 1980-85 ieriod. Projected prices are shown in Table 2 

and are depicted in Figure 7 as the JPL forecast •. These val~es are a· 

little higher than forecast from the DRI Model, also shown in Table 2 and 

Figure 7. This is because.the DRI Model projections are for the entire 

Pacific region which includes some hydro-power that reduces the average 

price of electricity. 
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TABLE ·2: PRICES! OF NATURAL GA.S, ELECTRICITY & . DIESEL OIL 

Natural 
.4 

Gas Diesel oi1 2 Electricity 3 
Electricity4 

Year· $/mmBTU _ $/mmBTU ~/lo.•hr $/kwhr 

1975 0.88 0.0229 )I 
0 

1976 1.19 2.27 0.0250 rt 
·C 

1977 . 1.69 2.36 0.0267 Ill ..... 
1978 1. 99 2.63 0.0340 ., 

t1 

1979 2.12 2.65 0.0380 ~· 
0 
(1) 

1980 3.70 5.36 0.06 fJ) 

., 
...., t1 
lN 1981 6.0 7.58 0.0714 0.047 0 

u. 

1982 7.6 8.46 0.0850 0.056 
(1) 
0 
rt 

1983 8.85 9.26" 0.101 0.063 (1) 
a. 

1984 10 .• 1 10.25 0.120 0.072 ., 
t1 

1985 11.35 11.35 0.143 0.080 ~· 

0 
(!) 
fJ) 

11975-80 prices are· actual prices paid by Sunkist in months of January 

'21981-85 values are DRI forecast. (See DRI 02/80) 
3 . 

1981-·85 prices projected using annual escalation rate calculated from: rate = 
inflation + 0.75 (real esc·. rate of oil) 

41981-85 is DRI forecast 
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B. Diesel Fuel: Historically, diesel fuel prices on a BTU basis have been 

higher than natural gas prices, as shown in Figure 8. From January 1975 

to January 1980, the price of diesel fuel delivered to the Sunkist. plant 

in Ontario jumped from 31.6¢ per gallon to 74.5¢ per gallon, which is an 

annual rate of increase of .18. 7% during the five and one-half year 

period. Suppliers of this fuel anticipate no major supply difficulties. 

The DRI Macro Model forecasts fuel prices for the. different regions of the 

nation based on .future assumptions for 'the· economy. Such assumption for 

th~ February, ·1 980 forecast is shown in Table 3. Prices projected for the 

Pacific region compare·reasonably well with actual prices for the past few 

years. Therefore, .forecasted prices from this Model, shown in Table 2 and 

Figure ~ for the 1980-85 period are used for this study. The projected 

prices of diesel fuel show an annual rate of increase of 1?.2% when the 

inflation rate id 8.3%/year.· 

C. Natural Gas: Prices of natural gas to the Sunkist p·lant in Ontario 

increased from $0.88 per MM BTU in January, ·1975 to $3.7 per MM BTU in 

January, 1980 •. This is an annual' compounded rate of incr.ease of 33.2% 

. during the five year period. Industry experts contend that· natural ga~ • 

prices will rise rapidly enough to match diesel fuel prices by 1985 when 

natural gas prices become de regula t·ed. . It is therefore expected that the 

price trend for natural gas depicted in Figure 8 will likely continue with 

the nat.ural gas price catching up with that of diesel fuel by 1985. 

D. Special Rates for Co-generation: Co-generation will be greatly 

encouraged, if the proposed rates scheduled in California are approved by 

the California. Public Utilities Commissi~n. Essentially, the utility 

would pay the Co-generator a price per KWH based on the utilities 

incremental costs. The Co-generator would buy electricity at the .same 

price as other.industrial customers. Natural gas may be priced to 

Co-generators at 1.~¢/Therm less than the price paid by utilities. This 

may be 20% less than the price paid ·by customers not Co-gener~ting. 

These rules have not been approved at this date, but the Federal Energy 

Regulatory Commis_sion is ·pr·essuring the States t.o encourage Co-generation. 
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'l'ABLE 3: DATA RESOURCES, INC. 

BASIS FOR ENERGY PRICE FORECAST ·-(2/80) 

Year 

1980-85 

1986-90 

1991-95 

1996-2000 

Real GNP 
(1972$) 

2.5\ 

3.2 

2.2 

2.4 

GNP 

(billions_ of 
Year current $) 

1980 2,534 

1985 41 391· 

1990 71 2_69 

1995 11,041 

2000 16,643 

Implicit 
Price 

Deflator. 

Consumer 
Price 
Index 

Wholes.ale 
Price 
Index 

Real 
Disposable 

Income 
(1980$) 

A n n u a 1 ' I n c r e a s e· 

8.3\ 8.2 9.2 2.4 

7.2 7.5 7.5 ·3.1 

6~3 7.0 6.9 2.4 

6.0 6.8 6.8 2.4 

Population (millions) Personal Disposal 
Income 

(billions of 
us Pacific current $) 

222 30.6 11 76·4 

231 33.0 3,007 

245 35.5 4,957 

254 37.1 7,574 

262 38.4 11,421 
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5.2.2 Atmospheric Emissions Requirements. 

The relevant air pollutant limitation rules are those formulated by the 

California South Coast Air Quality Management District (CSCAQMD) as approved 

by the California Air Resources Board (CARB) and the Environmental Protection 

Agency (EPA). The EPA does not _provide specific rules, with certain. 

exceptions, for states which are developing their own State Implementation 

Plan. Since California is such a state, the limitations for a specific site, 

ruch as Ontario, are embodied in the regional Air Quality Management District 

( AQMD )" regulations. . For equipment of the size range_ contemplated, .the 

limitations are generally equal. The air pollution rule·s for the South Coast 

region are summar.ized in Table 4 in which the entries refer to the notes that 

appear in Appendix I. 

In general, the CSCAOMD rules set explicit limits on the quantity of 

Oxides of Nitrogen· and other pollutants that may be contained in any gaseous 

effluent that is discharged into the atmosphere. In addition, the Best 

Available Control Technology (BACT) as defined by the CSCAQt{!) for speCific . . . 

equipment is required. However, recently enacted provisions exclude certain 

cogeneration projects from the absolute mass emissions limits~ and the New 

Scource Review if BACT is employed.· The implementa~ion of t.hE> energy 

consePving systems that incorporate gas turbin·e (Br·ayton) ··engines and d~rectly 

ftred steam boiler~ in a cogeneragion mode is not likely to be precluded by 

CSCAQMD rul P.~, However • the ,.~4ulrement of BACT will increase the capital 

cost of certain energy conserving systems. The·rules and exemption~ that 

avvlY to other specific. t.ypes of equipment ar·~ being researched. 

There are several areas of rule-making which have specifically exempted, or 

provided for reduced requirements when coggeneration project.~ 8re oonsidcrcd. 

At the l'ederal level·, the Clean Air Act Amendments of 1977 specifically 

authorize local governments to provide for the.mitigation of the air quality 

impact of cogeneration projects by providing regional growth increments in the 

state implementation plan. This policy is carried through the California Air 

Resources Board (CARB) rules and the South Coast Air Management District 

. (SCAQMD) Regulations. · 
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Table 4, Slltlllll! Of' AIR POI.LIITIOII II!STRICTIOIIS Ill M CSCAQMD• 

(The nuallere In parenthesis rerer to the notes In lppendla II 

Air Pollutants 

Heet 
Hcf11' · 

Partlou- . COIIbust.!'S) 
~UlpR!t !!!!.! Cap!Oltr r~ut 1101 (I) col<?l ~10) latee , Conta~. OUier ~· 

I. loll• llat-1 100,000 1J]x106 ( 1]) 2,000 ..... .. ... -.. .2J pial !T,9, lo 
Cas lbs et,eaa BTU/hr . ppa (0.1 (lrlrtl) 10, 11) 

per hour 

n.aou .. ..wral )1oo ,ooo 1)]a106 (1)) 2,000 ..... ...... _,.. 
.2] .. ,.l !8,1·,9, , .. 

Gu lbs steaa BTU/hr PP• (0, 1 srlftl) .10,, 1) 

III. a.. llahral ]Ill 38 .a106 (6) 2,000 ...... ..... _,. .2] _.,.J (6,11,9, , .. 
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The National Energy Act provides tax and regulatory incentives for 

cogeneration projects. A recent rule by the Federal Energy Regulatory 

Commission (FERC) exempts cogeneration projects of less than thirty megawatts 

from federal and state utility regulations. The FERC rule also orders 

utilities to buy back power from a cogenerator·at full avoided cost and to 

supply the cogenerator with necessary power for peak periods·. At the state 

level, California has recently passed leg-islation (Calif. Chapter 922 Statutes 

of.l979- formerly AB52~ effective January 1, 1980) which accomplishes the · 

following: 

1. Tells CARB to make an inventory of potential cogeneration projects . 

throup;n the ut.; 1 ;, ties. 

2, Tells CARS and the local air quality management districts to make 

estimates of emissions that would result from the cogeneration 

projects. 

· 3. Instructs the CARB to make .. room in the California State 

Implementation Plan for these additional emissions. 

7he legislative intent of ·this M 11 is to rcmo_ve alr~ quality barriers to . 

cogeneration projects. The CARB is currently requesting more funds in the 

proposed state budget in order to add sufficient ~taff to carry out these 

a sslgnrnents. 

At the·regional level, SCAQMD has included several provisions in their 

regulations which exempt cogeneration projects or suhjP.ot them·to lc33 

~tringent air quality restrictions~ Among these are: 

1. SCAQMD rule ~75 exempts electric power generating projects of less 

than t.en mega\>mtt3 f'row the NO and combustion products limits which 

apply to larger sources. Additionally rule 475-1 (u) includes a 

broad exemption specifically for cogeneration· projects. 

2. SCAQMD rule 130~, allows the Executive Officer to exempt resource 

conservation and energy projects from the requirements of New Source 

Review provided BACT is used. 
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.The Public Utilities Commission of the State of California in decision No. 

91109 dated December 19, 1979, ·affirms its support of cogeneration in 

principal and specifically authorizes the utilitie~ to: 

l. Pay cogenerators the full avoided costs for purchased energy and. for 

purchased capacity. 

2. Provide for the s-i-multaneous purchase by a cogener.ator of its. own .. 

electric requirements at utility average rates. 

The fore~oing examples indicate that cogeneration is receiving active 

encouragement as a matter of ·policy at all governmental levels. 

5.2.3 Citrus Juice Quality Constraints 

Citrus juices are sensitive to prolonged exposure to temperatures above 

75°F. For this reason, it is unwise to circulate juice in an evaporator at 

elevated temperatures. The trend in citrus evaporator design has been to use 

multiple effects in series without recirculation so as to control the 

time-temperature exposure. 

As citrus juices are concentrated, the viscosity increases, and the 

boiling point rises above that of water. These two factors hinder heat 

transfer; especially when dealing with small temperature differences between 

the heating medium and the juice. It is important to promote high velocities 

in the tubes to protect the concentrated juice from excessive time-temperature 

exposure. High viscosities and the 8°.F boiling point rise at 6rf' Brix orange 

juice make it impractical to use mechanical vapor recompression on the 

finishing stages. 

The time-temperature profile of a typical four effect "TASTE"1 is given in 

Figure g. The manufacture has further reduced the time at high temperatures 

by stacking effects on top of each other, ·thus eliminating the time in the 

separator, down leg, pump and pipe to the top of the next stage. 

l. "TASTE" is Gulf Machinery Company's trade name. It stands for "Thermally 

Accellerated, Short-Time Evaporator." 

31 



FIGURE 9 

Typical Temperature Profile 
of · 

The Four Effect, Seven Stage 
"TASTE Evaporator 

with Interstage. Pre-Heater 

Temp. Time 
Pre-heater - (oF) Stage (Sec.) Effect 

1 70 -·100 14 

2 100 - 120 11 

120 - 106 1 6 IV 

3 106 135 11 

4 135 - 160 8 

!> 160 - 180 11 

6 180 - 206 ·11 

206 - 190 2 22 I 

•190- 170 3 36 II 

1 ?_0 __ ::-_1:4 5- 4 30 Ill 

_145 -:. 120 5 .42 IV 

a 120 - 130 62 

130 - 120 "6 28 IV --
b 120 - 130 45 

130 - 110 7 49 IV 
. ----- .. -· 

Flash Cooler 110- 60 ll 

Total 403 
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The tempe~atures are not exactly the same from one evaporator to another. 

They also change as tubes foul, as the temperature of the· condenser water 

changes, and if air leaks develop. 

5 .• 2.11 Economic Evaluation of Alternative Plant Configurat,ions 

A consistent method by which ·the alternative plant configurations will be 

·evaluated in economic terms that are applicable to the citrus industry _has 

been formulated. The alternative plant configurations are technically viable 

combinations of components that are synthesized ·according to the approach 

previously described in Section 3, and their performance and costs are 

determined under identical conditions and constraints. The alternative plant 

configurations will be evaluated in terms of investment payback time, internal 

rate of return, and net present value, which are calculated from the cost and 

revenue streams associated with their energy conserving subsystems. Those 

configurations that both save energy and show favorably in terms of the 

evaluations criteria will be further considered for· implementation. 

The economic evaluations of a specific plant configuration proceeds 

according to the following steps: 

o Collection of data on capital cost, annual operation and 

maintenance cost, and other cost·s, receipts, and credits. 

o Calculation of annual cash flow streams resulting from 

time-v~rying processing loads and energy prices over the system 

lifetime. 

o Discounting of cash flow streams to time zero, i.e., the date of 

initial cash expenditure. 

o Comparioon of financial parameters with those of the baseline 

configuration. 

o · Calculation of investment payback period (PB), internal rate of 

return (IRR), and net present value (NPV). 
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The types of cost information required for economic evaluation are listed 

in Table 5. Information collection is a continuous effort whose schedule is 

dependent upon the needs of ··Task I. D., Synthesis. The annual cash flow for 

each of the alternative plant configurations is calculated-from this cost and 

revenue information. The differential cash flow relative to the baseline 
I 

configuration is the basis for computing the IRR, PB, and NPV for each 
I 

alternative configuration. The economic and financial parameters required to 

compute the PB, IRR, and NPV have been derived from Sunklst's historical data. 

The three cri ter~a for evaluating the alternative systems are further 

discuss·ed ·below: 

This is the method widely used in the fruit processing indust_ry. The 

payback period is the· number of YP.Rr$ it takes a firm to recover' i t.s 

investment. 

Payback (yrs) = Investment ($) 
------~~--~~~~-------

Net benefit rate ($/yr.) 

Although the Payback criterion is simple and easy to understand, it has 

serious drawbacks, among which are. that. it ignor~ cash flow beyond the 

payback period, and it ignores the time ~alue of money. 

Internal Rate of Return 

This criterion is used widely in ·all industries, although not as ·extensively . 
as the payback period. It is used in conjunction with payback period in the 

fruit processing industry. The internal rate .of return (IRR) is the discount 

rate.that equates the present value of the iuture net cash flow to the initial 

capital'outlay. The investment proposal is viewed as-profitable if the 

discount rate is greater than the cost of capital to the firm. The internal 

.rate of return r*, is cal~ulated from: 

n R - C 
t t L ----------- = 0 

t=O 



TABLE 5 

CAPITAL COSTS 

0 

0 

Equipment Cost 
(~ncluding- installation 
cost) 

Equipment replacement 
cost 

1 Natural gas or di~sel 

Receipts and Disbursement'S for Energy Systems 

.OPERATION AND MAINTENA~CE COST 

0 

0 

0 

0 

Electricity Cost 

Fuel cost1 

Labor cost 

Operating supplies 

Insurance cost 

0 

0 

OTHER COSTS, RECEIPTS, 

CREDITS, ETC. 

Standby capaci~y. 
charges or receipts 
from Utility for · 
qerving as added 
capacity 

Receipts -from sale 
of surplus electricity 

2 
o Credits 

0 Taxes 
Investment tax 

0 Indirect Operating Cost 
Energy 

0 Overhead 

o Interest Cost 

o Maintenance labor and material 

o Other costs 

._ Pol-lution permit cost 

I 

2 Federal, state and local as applicable 



where: R is the benefit stream corresponding to year ~' 

~is.the cost stream corresponding to year t, 

r• is the discount rate or IRR; and n is the useful life 

of the system. 

In comparing alternatives those with. the higher rates of return are the most 

profitable. , 

Net Present Value 

This method is seldom used in the fruit processing industry •. It gives an 

indication of the viability of the investment but not the magnitude of the 

rate of return. The method involves finding the p;esent value of the net cash 

flow resulting from an· investment. If the net present value is positive, the 

project is profitable and systems with higher net present values are the most 

profitable. The net present value may be expressed as the 

n 
Nl-V = L 

t=O 

c 
t 

(1·+ r) t 

where Rt is the benP.fit stream oorrcoponding to yt:!ar t, Ct is the cost stream 

correspondins to year t, r is the discount rate, and n is the useful life of 

the system. 

5.3 Work Completed - Task ~8, 

Characterization of Basic Operations 

In order to.quantify the potential of energy savings in citrus fruit 

processing, each operation must be studied in some detail. The present 

methods_of processing have evolved over the last half century as technology 

aml Lhe maf'ket place imposed their influences. Changes are continuing in the 

industry, and the high price of en~rgy will ·certainly be one of the major 

factors-in determining the course of events. This task, however, measures the 

amount and level of energy used in the citrus processing operations currently 

common to most plants operating in the United States. 



,Basic _Citrus Processing Operations 
\ 

Most citrus processing plants have the following basic- operations: 

a. Extraction of juice from fruit 

-b. Concentration of juice by evaporation 

c. Recoyery of citrus oils 

d. Drying of peel and evaporation of peel liquors 

e. Chilling, packaging and cold storage of citrus juice and concentrates 

Figure 10, Flow Diagram of Typical_ Citrus Processing, illustrates these 

operations. Each of these steps iri processing will be studied as shown in 

5.3.3, Identification and Measurement of Energy Uses. From these 
I . 

measurements, it will be possible to synthesize.· a basic citrus plant from an 

energy.use standpoint. 

The Orange Products Division of Sunkist Growers, Inc., in Ontario, 

Cali~ornia, is the source of our characterization data. This· plant is highly 

integrated, including the production of .. b~verage bases, pectin, bioflavonoids, 

Pe~ma-Sta~il flavors and other products not considered basic to a typical 

citrus processing plant. This fact should be kept in· mind when reading the 
' 

following section. 

Energy Consumption and Fruit Processed Vs. Time 

Figure 11 shows the relationship between fruit processed and energy usage 

for Sunkist's Ontario plant by m6nths during-197~. There seems to be .a closer 

relationship between fuel used and fruit processed than between electrical 

demand and fruit processed. 

The electrical load of 3 million KWH per month _could be co-generated by 
9 . 

using 45 x 10 BTU/mo. of fuel. This is we~l belqw the actual fuel being 

use,d. However, some fuel uses do not lend themselves to co-generation •. Also, 

hourly data must be analyzed to fully evaluate the match between ~eat and 

electrical needs. 

The daily usage of natural gas and electricity was measured ror the month 

of March 1979 at t;he Orange Products Division in Ont'ario, Ca.lifornia. This 

enP.rgy data and t~e amount of fruit processed are plotted·in Figures 12 and 

13. The natural gas is used primarily for generating. steam in boilers and in 
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PIGURE 10 

Plow Diagram of a Typical Citrus Processing Plant 
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direct fired peel dryers. The electrical energy is used for the many motors 

throughout the plant. These motors operate refrigeration systems, belt and 

screw conveyors, blowers, pumps, pelletizers, etc. For this month, 83.6 KWHs 

of electrical power and 2.2 x 106 BTU of natural gas were used per ton of 

fruit processed. 

The daily figures were used to determine the best straight line 

relationship between the amount of fruit processed and electrical energy, and 

between fruit processed Rnrl heat energy . 

Power, KWH/day = 40 F + 60,000 

Thermal Energy, BTU/day = 1.8 x 106 F + 525 x 106 

where r' = Tons/day of fruit processed. This is illustrated in Figure 14. 

5.3.3 Identification and Measurement of Energy Uses 

The first operation studied at the Orange Productn Divi~iou wa!:: the fruit 

unloading and extraction. There is no use of fuel in this process, but there 

are many motors driving belts, elevR t .nl"R , extractoro, 3Ct·eew>, screw!'l, etc. 

The fruit is unloaded from tr11ok~;: and is elevated lo the top of storage bins. 

Later, the fruit is washed, graded, sized ~nrl extracted. The jui~e 1~ 

screened and centifuged prior to concentration. Table 6, Identification and 

Measurement of Energy Uses at the Fruit Unloading and Juice Extraction, 

itemizes each motor and shows the power consumed compared to its rated load. 

On the average, the motors used about 70% of their rated load. The total 

power required for the 42 motors was 180 KW. The kilowatts were calculated 

from the measured ~mperes by thin formula: 

KW - Amps X P.Fx460 x 1.732 

1000 

P.F. (Power Factor) was taken as 0.9. 
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Figure 15, Fruit Unload{ng and Juice Extraction Flow Diagram shows the 

flow through this operation and the names of each piece of motorized 

equipment. Figure.l6 is an energy accounting diagram showing the kilowatts 

for .eac~ part of the operation when running at 36 tons of ·fruit per hour. 

However, when running empty, the power is only about 2 percent less than when 

handling the normal amount of fruit. 

5. 3. 4 Energy Balance for a 

Typical Citrus Juice Evaporator 

The citrus processing industry has progressed·beyond_the single or double 

effect evaporators. It has been cost effective to install four and five 

effe.ct evaporators using 212°F. steam as a· heat source, .and cooling tower 

water as· a heat sink at the condenser. The motive steam required to evaporate 

40,000 pounds per hour is shown in.Figure 17, for evaporators of 4-8 effects. 

The steam economy, pounds evaporation per pound of motive steam, is also 

shown.·· This clearly shows the incentive to install additional effects. 

The heat and material balance calculations for a multi-effect evaporator 

requires a trial and error procedur.e. The logic for this is illustrated in 

Figure 18. It is necessary to predetermine the temperature of each step in. 

the juice flow. 

As an example, a detailed heat and material balance has been·made for a 

forward feed, five effect, 40,000 pounds per hour evaporator with inter-stage 

pre-heaters. The data and calculations are shown in Figures 19a and 19b. The 

motive steam turns out to be 9,142 lbs/hr giving a steam economy ratio of 
4.38 •. 
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FIGURE 17 

~!I-EFFECT EVAPORATOR - FORWARD FLOW, 40,000 LB/HR EVAPORATION 
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nGURE lB 

LOGIC DIAGRAM FOR BEAT AND MATERIAL BALANCES 

ASSUME 
FIRST EFFECT EVAPORATION . 

CALCU~TE 
STEAM RATE -

. CONTINUE TO 
NEXT EFFECT 

CALCULATE 
EVAPORATION 

YES 

REPORT HEAT ' MAT'L BALANCES 
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FIGURE l9A 

MATERIAL ' ENERGY BALANCE OF TASTE EVAPORATOR 

5 EFFECTS, 7 STAGES WITH. PRE-HEATERS 
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Effects 

!FIRST 
· Ste·a.rn 

Feed Juice 

Condensate· 

SECOND 

FIGURE 19B 

ENERGY BALANCE 

Heat In 

1150.4S0 

48,872 X 147.92 X 0.92 

Heat Out 

8575 X 1142 

40,297 X 157.95 X 0.9 

180.07 X So 

S0 = 9142 1bs/hr 

Vapors 8575 x 1142· E2 x 1136.2 

Cone. Juice 40;297 x 157.95 x 0.9 (40,297 - E2) x 142.91 x 0.875 

Feed Juice 48,872 X 132.89 X n.92 48,872 X 147.92 X 0.92 

THIRD 

Vapors 

Cone . Juice. 

. Feed Juice 

Condensate 

FOURTH · 

Vapors 

Cone. Juice 

Feed Juice 

C9ndensate 

8358 X 

31,939 

48,872 
-

8575 X 

E2 = 8358 
I 

Cone. Juice = '31,939 

1136.2 

X 142 .. 91 X 0.875 

X 107.89 X 0.92 

157.95 

E3 X 1126.1 

(31,939 - E3) X 117.89 X 0.84 

48,872 X 132.89 X 0.92 

16.,933 X 142.91 

E3 = 7922 

Cone. Juice= I 24,017 

7922 X 1126.1 £ 4 ~ 1117.9 

24,017 X 117.89 X 0.84 

48,872 X 87.92 X ~.92 

16,933 X 142.91 

(24,017- E4) X 97.90 X 0.77 

48,872 X 107.89 X 0.92 

24,855 X 117.89 

/ E4 c I 7746 

Cone. Juice c 16,271 
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FIGURE 19B (cont'd.) 

Effects Heat In Heat Out 

FIFTH 

Vapors 7746 X 1117.9 E5 X 1109.5 

cone. Juice '16,271 X 97.9 X 0.77 (16,271 - Esl X 77.94 X 0.67 

Feed Juice 48,872 X 67.94 X 0.92 48,872 X 87.92 X 0.92 

Condensate ~4,855 X 117.89 32,601 X 9.7. 90 

Es -= 7446 
I . 

Cone. Juice -= 8825 
I 

Sum of Evaporation = 40,047 
I 

Steam Economy = 4 0, 04 7 -+ 9142 = 4.38 

I -

52 



Future Work in Task IB, Characterization 

Plans are being developed to identify and measure electrical and thermal 

energy consumption in the following processes: 

Juice Evaporation 

Press Lfqu~r Concentra ti.on 

Citrus Oil Recovery 

Pasteurization 

Packaging 

Refrigeration & Cold Storage 

Drum Thawing (Cone. Juice) 

A data logger will be used to record temperatur~s and perhaps pressures and 

flow rates. Individual motor loads-will .be measured with a portable ammeter. 

Steam flow will be measured by weighing condensate or by. flow meter. Juice 

flows will be measured bi tank level vs. time. Soluble ~:lolids levels will be 

measured by refractometer. 

The plant electrical and natural gas consumption will be recorded over a 

weeks time in short time intervals to determine the best size co-generation 

unit. The plant production level will also be measured during the same 

period. The above measurement will use the data accumulator ACT-PAK Model 

.5008 and a special comput~r printout of. electrical service from Southern 

California E~ison Companyw 

The above data ·will be used to simulate a typical citrus processing plant 

of average capacity for the ~urpose of trying out the several alternative 

systems for energy conservation. 

5.4 WORK COMPLETED - TASK I.C, THERMODYNAMIC. ANALYSIS 

5.4.1 Heat Pumps 

Heat purilps transmit thermal energy from a heat source at temperature, T 
c 

to a heat sink at a highe~.temperature, Th , as shown in Figure 20. Heat 

pumps can be used in citrus processing to upgrade heat of evaporator 

condensate, in' the temperature range of 100-1600 F, to more useful heat in the 
0 range of 185-212 F. 
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Every pound of oranges processed produces about 0.9 lb. of condensate from 

evaporating and peel drying operations. Perhaps 5-10% of the condensate . 

. can be used as wash water and another 10-25% as boiler make-up water. The 

rest, 65-75%, is disposed of along with its energy content. A heat pump 

is a way of recouping some of this lost heat. 

HEAT 

HEAT 

Q , heat into hot reservoir c 

W, work input 

~, beat out of cnld reservoir 

SOURCE ·r , c 

FIGURE 20 S·::HEMATIC o"F HEAT PUHP 
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The use of heat pumps in this manner depends in part upon the amount 

of work which must be supplied to transfer a unit of he.at. This is gauged 

by a figure of merit called the coeffient of performance (COP), defined as 

the ratio of heat transfered into the heat sink to the work required to 

drive the heat pump. 

COP 
Q~ 

(1) = w 

where Qh = heat transferred to sink or hot reservoir 

w = work input into heat pump 

The heat pump with the higher COP is the more efficient. 

B. THEORETICAL PERFORMANCE 

For ideal heat pump~, a relation is derived for CoP in terms of the. 

temperature of the h~at sink, Th' and heat source, Tc. An energy 

balance about the heat pump in Fig. 20 reveals the work input to be the 

. difference of the heat transferred to· the heat sink and the heat drawn from 

the heat source. 

where 

(2) 

. Q · = heat drawn from heat source of cold reservoir c 

' substituting Eq. 2 in Eq! 1 yields the interim result. 

COP (3) 

This equation is further simplified by applying the following assumption 

used·in formulating the Carnot temperature scale. 

T 
·C =-
Th 

(4) 
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The final result becomes 

COP 1 (5) = 
1 - T/Th 

where. T = temperature c of heat. source (OK) 

Th = temperature of heat sink (OK) 

Notice that since Tc is always less than Th' COP is greater than or 

equal to one. For example~ the COP is 12.8 for an _ideal heat pump which 

uses 135°F (330°K) condensate as heat source.and produces 185°F 

(358°-K) water. COP values for real heat pumps will be a factor of three 

or four less than ideal values due to heat·and work losses to the atmosphere. 

C. ACTUAL PERFORMANCE OF A.CLOSED LOOP 

ORGANIC aANKINE CYCLE 

The object of this section is to derive an expression for the COP of 

aetual devices by taking hea~ and work losses into account. Before the 

derivation begins, a brief discussion of. closed-loop organic Rankine cycle 

heat pumps is in order. · 

The device consists of a compressor o~mrl accompanying drive, twu heat 

exchangers (one interfacing with the heat sink and the other with the heat 

source) and an ·expansion valve. (Fig. 21). A 'two-phase mixture of 

refrigerant at a temperature sliihtly helow that of the heat source enters 

the heat exchanger pictured a·t the· bottom of Fi~. 21 (c:nlrl '!lidQ ho:1t 

exchanger). Heat is transferred and the liquid portion of the refrigerant 

competely .vaporizes to a gas. Subsequently, this gas is reduced in vo1umP 

by the compressor, thus increasing its temperature to a value slightly above 

that of the heat sink. Hot gas from the compressor enters the remaining 

heat exchanger where heat flows to the heat sink, thus causing the 

refreigerant to condense to liquid. This liquid then passes through.an 

e~pansion valve where the pressure drops abruptly and some of the liquid 
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heat 
loss froin bot-

Cooling fluid 
from heat sink 

Hot-side 
-heat exchanger· 

side heat ~------~--~ 
Qd 

g General heat loss exchanger 

·Control 
Volume 

. 6 

Expansion 
Valve 

Working 

5 . 

Fluid 2 

Cold-side 
heat exchanger 

Heating fluid 
from beat source 

Q·· 
dp work losses in 

compressor 

·1 .•. Q 
dm , ·work losses 

-l in compressor drive 

I 

Compress-or 

Drive 

I' ~ ""'--!4~0rk 
I input 

Qd 
c heat loss .from 

c·old-side heat exchanger 

FIGURE 21 SCHEMATIC OF COMMERCIAL HEAT PUMP WITH 
ENERGY FLOWS IN AND OUT OF CONTROL VOLUHE 
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flashes to form a two-phase mixture, and the cycle begins agains. Figure 22 

shows a T-S diagram listing each of the steps mentioned above. 

The derivation of the COP begins with Eq. 1 

, (1) 

This time, the work imput W. is determined according to .an energy balance 
1 ,. 

about the control valume in Figure.21. 

where 

w. = 
1 

Qd = 
Qd = 

Q m = d 
Q p = d 

.Q g = 
dh 

. Qd = 
c 

Qh- Qc + Qd .+ 
m 

+ Qd + Qd 
h c 

Heat dissipated 

compressor drive 

r.hmprP.~~nr 

to surroundings 

heat loss from piping and ancillary 

hot heat exchanger (heat sink) 

cold heat exchanger (heat source) 

(6) 

components 

Each loss term ~ill be.specified further. The work lost in the compressor 

drive Qd , is a· function of the motor and mechanical drive efficiency 
m 

and the work inp~t. 

(7) 

n m = motor and mechanical drive efficiency 

Wi - wurk input into motor 

The work lost in the compressor 1s like~ise a function of the compressor 

efficiency, nc and the work input, w. 1 

Qd = 0- n c) (W. 
p 1 

substituting Eq. 7 in Eq. 8 yields, 

Qd 
p = n mW i (1 - n c) 
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Temp .• 

Th 

T 
c 

of 

~ . 
1-2 Isothermal evaporation in cold-side heat exchanger 
2-3 Superheat of refrigerant, cold~side heat exchanger 
3-4 Compression 
4-5 Desuperheat in hot-side heat exchanger 
5-6 Isothermal condensation, hot-side heat exchanger 
6-7 Liquid cooling, hot-side heat exchanger 
7-1 Expansion .in expansion val.ve 

Approach Temperature 
real heat exchangers 

4 

i_ 
-

6Th 

Entropy (S) 

FIGURE 22 T-S DIAGRAM FOR RANKINE CYCLE HEAT PUMP 
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The terms Qd , miscellaneous heat loss and Qd , heat loss from hot 

side heat ex~anger are both expressed in tergs of Qh. 

(lo) 

(ll) 

.Both M and H are fractions less than unity and each must be determined 

e~perimentally. 

The heat lost from the cold~side heat exchanger, Qd is expressed 1n 

terms of Q c' 

= c Q 
c 

c 

(12) 

where once aga1n C is a fraction less than one which must be determined 

experimentally. 

Substituting Equations 7, 9, 10, 11 and 12 into E4uation 6 and solving for 

wi yields 

w. = 
1 Tlm Tlc 

(13). 

.Using this expression 1n Equation 1 gives an interim result for COP. 

(14) 

Again, the Carnot relation, Eq. 4, m~y be applied with ~ modification. 

Th' and Tc' are actually the refrigerant temperatures and are related to 

the heat sink and source temperatures by the relations 

(15) 

where ~T = finite temperature differenc~s need 

to transfer heat in heat exchangers. 
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Substituting· these equattoris into Equation 4 and the result into Equation 

14 yields the final equaton for cop •. 

(16) 

nm = work output of compressor motor7work input 

= work .output of compr'essor /work input 

= temperature of heat source or cold reservoir . 

temperature of heat sink or hot reservoir 

finite temperature.difference between the rese~oir and 
working fluid temperatures · 

= 6T for hot side h~at exchanger 

= 6T cold side heat exchanger 

Qd /Q 
.g h 

Qdg = miscellaneous heat lost to atmosphere from 
piping and other components 

Q = heat transferred to heat sink 
h· 

H = Qd /Qc 

Qd = 
h 

heit lost to atmosphere from hot (heat sink) heat 

exchanger 

c = Qd Qe: 

Qd = . c ( ) heat· loss from cold side. heat source heat 
c 

exchanger 

Qc = heat transferred from heat source 

Notice that as all loses go to zero, i.e., 

M 

H 

c· 

---o 
---o 
---o 

n ---1 m 

nc 1 



T---~o, 

the actual COP above -r:educes to the .theoretical COP (Eq. 5) as wou1d be 

expected. 

D. VERIFICATION 

This section compares the output of Eq~ 16 wit~ that of commercialiy 

available Rankine-cycle heat pump. Assume an industry wishes to produce hot 

water at 212 F (373°K) using a heat pump. 
0 

The heat source varies in temperature from 100°F .(311°K) to 140°F 

(358°K). The heat pump's performance charcteristics are assumed to be 

those listed in Table 7. The predicted COP compared to that of a two-stage· 

commercial heat pump (Westinghouse Templifier) as shown 1n Fig. 23. Maximum 

error is about 5%. 
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Parameter 

T)m 
T) . c 

liTh 
liT c 

M 

H 

c 

TABLE 7: LIST OF ASSUMPTIONS FOR 

HEAT PUMP PERFORMANCE PARAMETERS 

Value Reference 

0.92 Ekroth 

0.73 Ekroth 

16.5°K Reay 

s.so°K Reay 

0.01 

0.01 

0.01 

63 



4 

COP 

Experimental curve 

3 

Predicted curve 

2 

100 ~ 110 120 130 140 

. 0 
Temperature of Heat Source ( F) 

·FIGURE 23 COMPARISON OF PREDICTED AND EXPERIMF.NTAL VALUES FOR COP 

... 
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5.4.2 THERMAL EVAPORATOR 

A. INTRODUCTION 

The purpose of this section is to derive an expression.for X , the 
e 

mass concentration ~f juice exiting an effect, in terms of measurable energy 

and mass flows. In order. to simplify the derivation, imagine the evaporator 

effect to be split into two separate units, A and B, as shown in Figure 24. 

The function of Unit A is to separate water from incoming juice, and the 

function of Unit B is to 'supply heat needed for the separation process. In 

Unit A, a mass flow rate of juice, Ji '· enters with .mass concentration Xi. 

This juice receives heat at a rate, QJ' and boils.' The wat~r vapor evolved 

in the boiling process is separated and sent onward at a mass flow rate of 

v • 
e 

This vapor will serve either ·as a heat source for the' next effect or 

will be condensed and disposed of. ·The juice that remains after boiling is 

more concentrated than when it entered and is sent onward at.a mass flow of 

J an~ a concentration X • Tbis juice will either ieceive further· 
e e 

concentration in subsequent effects or will have a high enoug? concentration 

to serve as product. · 

As mentioned previously, Unit B supplies the rate of heat flow, QJ' that 

drives separation processes in Unit A. Unit B receives heat input from both 

steam and hot condensate. Steam enters at a ·mass flow rate of S and is 

condensed. Condensate enters at mass flow rate ·of C., a portion flashes and 
l. 

is condensed. The major portion of the heat exiting Unit B is transferred to 

Unit A; some of the ~eat, Qp is dedicated to' preheating incoming juice; 

another portion, QL' is lost to, the atmosphere; and the rest leaves as 

'internal energy in the exiting condensate at a rate, (Ce) (he) where 
e 

is the specific enthalpy. 

B. DERIVATION 

With the evaporator effect split as shown a)>ove, control volumes can be 

easily·drawn about both units. Mass and energy balan~es perf~rmed on a 

con.trol volume about Unit A results in the following equations: 
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Juice In, J. 
~ 

hJ. _,-xi 
~ UNIT A 

Condeu~ate From Previous 

ci, hc.-
1 

Steaiu In, 

" 

s. , 
~ 

Vapor Out, V 
e 

Juice Out, J 
e 

h 
Ve 

X 
e 

QJ, Heat Transferred to Juice 

UNIT B 

QP · , heat 

transferred to 
preheat· · 

ondcnsate Out, C h' 
~.. Ce 

Q.L; heal lust to atmosphere 

FIGURE 24. SCHEMATIC OF EVAPORATOR 



Ve = Ji - Je 

where 
Ve = mass flow rate of vapor 
J· 1 = mass flow rate of juice in 
Je = -mass flow rate of JU1Ce out 
J· = hJi + QJ = v hv + Je hJ 1· e e e 

where. 
h = specific enthalpy 

hJ. = h of juice in 
h 1 = h of juice out 
.~e = rate of heat flow from Unit R to J 

Equations 1 and 2 can be combined and ·rearranged to 

J. (hv - h ) - Q 1 v. J 
J e 1 = e hv - h J e e 

Assume no solids are vaporized then, 

or 

Substituting 

X. 
J 

1 
= 

e X e 

(4) into 

X = 
e 

J. 1 

(3) results in the equation, 
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(3). 
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Mass and energy balances .on a control volume about Unit B allows further 

specification of the term QJ. A mass balance yields: 

where 

c. = c - s. 
1 e 1 

C· = mass flqw l. 
Ce = mass flow 

s = mass flow 
i 

of conde.nsate l.n 
of condensate out 
of steam in 

An ener:gy balance yields: 

where 

he. = h of condensate in 
1 h of steam in hg. = 

h l. = h of condensate out . Ce 
Qp = rate of flow to preh~at 
<h. = rate of heat last to atmosphe.re 

Substitutions Eq. (6) into (7) ~nd solving for <h_ reveals: 

QJ = Ce (he: - he ) + si ·chs. - he. ) - Qp - <q_ 
· 1 e 1 1 

Substituting Eq. (8) into Eq. (5) gives the final result 

X 
e = 

Ji (hv 
e 

- h ) - c 
J. e 

X 
Xe 
X· 1 

J 
Ji 
Je 

l 

-
= 
= 
= 
= 
= 

mass of solids in juice/mass of juiee 
X out of effect 
X into effec·t 
mass flow rate of juice 
J into effect 
J out of effect 
mass fl9w rate of condensate 

Ce = C out of effect 
c = 

S = mass flow rate of steam or vapor in 
h = specific enthalpy 

hy. ~ h of vapor in 
1 hJ. = h of juice in 

hv~ = h O·f vapor out of effect 

hJe • h of juice out of effect 
hci = h of conc~ntrate in 
bee = h of condensate out 

.hg. = h of steam in 
Q1 
~ = heat transfer to preheat 
~L = heat lost to atmosphere 
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This equation will be usea as a tool for determining if an evaporator 

effect is operating up to design specifications. In such an e~fort, Q1 _ 

would be the unknown and all other parameters must be measured. Research 

has indicat-ed (Ref.l ) that Q
1 

is of the order of ~wo percent of the steam 

heat input, Si hs. ~ If Q
1 

is determined· ·to be much greater than 

this value, then !he vendor should be contacted to rectify t_he situat~on. 

The second way this equation will be used is as a starting point for a much 

larger model which will encompass the complete analysis for"an evaporator 

system of up to seven effects. 

C. VERIFICATION 

Equation 9 is verified using data presented by.Chen for a five effect, 

seven stage evaporator. Table 8 shows experimental data used to ·compute 

X • e 
THis computed value is compared to the experimental value and the 

error is less than 1%~· Note that the fifth effect, which is multiple state, 

is not used for verification since the model as it presently exists will not 

handle a multiple stage effect. 

D. FUTURE WORK ON THERMAL EVAPORATION 

The model will be expanded to .handle multiple stage effects. 
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he he • Tc. h Ts 
st si Qp i 0 e e i .x X 

QL P:ted. e Effect Btu/1b Btu/:b OF 1b/hr Btt:./1b OF Btu/1b Exp. ·-· E+ror· 

1 0 .180 212 10,566 1r150 '• 212 944,357. 1,079,668 16.4 16.4 0 

2 0 158 191 a·, 9 56 1,143 191 936,037 87,966 21.4 21.5 0.4 

3. 0 136 173 8,432 1', 133 173 719,709 83,671 30.1 29.9 -0.6 

4 0 120 155 7,984 1,127 155 1,110,764 80,031 47.2 48.2 2 
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5.4.3 Cogeneration .Brayton and Diesel 

In this section, a thermodynamic model is developed for a combustion. 

engine/generator/waste--heat boiler combination. The model gives rela~ions 

for work and steam output in terms of fuel input and system performance 

characteristics. An energy flow diagram of the system is shown in Fig. 25. 
. "< 

Fuel energy, F, enters the engine/generator, unit and is conve~ted to 

electricity and heat. Most of the electrical output, W , becomes plant 
e 

power, and, 4 8m411 portion, Wa, is COllSUilled internally in 

trubine/generator auxiliaries. Most of the heat becomes engine exhaust. 

energy, E, and the rest, L, is lost to the atmosphere. Exhaust energy 

serves as heat input to the waste heat boiler. Part of it goes to steam· 

energy, S, and the rest goes up the stack. 

Work output, W, and steam production, S, are of main interest. The 

work output, W, is the work from the engine/generator, W , minus the work 
. e 

consumed by the auxiliaries, W • 
a 

w = work output 
= We-Wa 

We = work output from 
Wa = work consumed by 

Wa is proportional to We• 

(1) 

engine/generator 
auxiliaries 

Wa = a We . (2) 
a = proportionality factor for auxiliary electrical consumption·. 

So that, 

w = (1-a)·w . e 

We is proportional to the fuel input, F. 

= electrical output of engine/generator 
= efficiency of engine/generator unit 
= fuel energy input 

Substitution of Eq. (4) into Eq. (1) yields the result for W. 

w = (1-a )n F ·· -eg . 

(3) 

(4) 

(5) 

The steam output, S, is the product of the boiler efficiency,n band 

the energy input into the .waste heat boiler, E. 
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S = steam production 
= n]>E 

nb = boiler efficiency 
E = energy in engine exhaust 

(6) 

The term E is given by an energy balance about the engine/generator. 

E = F - W - L 
L = heat lost to atmosphere from engine generator (7) 

L is proportional to the fuel energy input, F. 

L = R.F (8) 

So that, 

E = (1-R.)F-W (9) 

Substitution of Eq. (5) and (9) into Eq. (6) gives the result for steam 

production. 

s = nb [1- R.- (1-a) neg] F (10) 

Table 9 presents typical values of input variables for a gas turbine 

installation. 



Parameter 

'Work consumed by auxiliaries 
divided by work output of 
engine generator 

Efficiency of engine/generator 

Heat loss of engine/generator 

Efficiency of waste-heat boiler 

TABL~ 9; 

Variable TYI~ical Values 

a .006-.034 

l'leg 0.19-0.31 

l 0.01-0.03 

T]b 0.65-0.75 

TYPTC.AT. VALIJF.S 'FOR F.C)lTTP:MF.NT 

PERFORMANCE PARAMETERS FOR 

COMBUSTION ENGINE/-GENERATOR/WASTE-

-HEAT BOILER 
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APPENDIX I - Applicable (SCAQMD)O Rules and Regulations 

(1) SCAQMD Rule 476 - Steam Generating Equipment 

(a) A person shall not discharge into the atmosphere from any 

equipment having a maximum heat input rate of more than 12.5 

million kilogram calories (50 million BTU) per hours used to 

produce steam, for which a permit to build, erect, install or 

expand is required after May 7, 1976, air contaminants that 
~ 

exceed the following: 

(1) Oxides of nitrogen, expressed as nitrogen dioxide (NO ), 

calculated at 3 percent oxygen on a dry basis averaged over 

a minimum of 15 minutes, as shown in the following table: 

F~L GAS LIQUID OR SOLID 

Concentration 125 ppm NO 225 ppm NO 

When more than one type of fuel is used, the allowable 

concentration shall be determined by proportioning the 

gross heat input and allowable concentration of each fuel. 

(2) Combustion contaminants that exceed both of the following 

two limits: 

(A) 5 kilograms (11 pounds) per hour. 

(B) 23 milligrams per cubic meter (o.Ol gr/SCF) 

calculated at 3 percent oxygen on a dry basis averaged 

over a minimUm of 15 consecutive minutes. 

(b) Nothing in this rule shall be construed as preventing .the 

maintenance or preventing the alteration or modification of 

existing steam generating equipment which will not increase the 

mass of air contaminant emissions. 



(2) SCAQMD Rule 407 - Liquid and Gaseous Air Contaimiants 

Carbon monoxide measured on a dry basis, averaged over a minimum of 15 

consecutive minutes. 

(3) No specific rule has been promulgated concerning hydrocarbons from 

boilers or gas turbines in this size range. 

(4) SCAQMD Rule 404 (c) - Particulate Matter-Concentration 

Steam generators and gas turbines are exempted. 

SCAQMD Rule 405 - Solid Particulate Matter, Weight 

(a) A person shall not disscharge into the atmosphere from any source, solid 

particulate matter including lead and lead compounds, in excess of the 

rate shown in Table 405 (A). 

Where the process weight per hour is between figures listed· in the table, 

the exact weight of permitted discharge shall be determined by linear 

interpolation. 

(b) A person shall not discharge into the atmosphere in any one hour from any 

source, solid particulate matter including lead and lead compounds, in 

excess of 0.23 kilogram (0.5 pound) per 907 kilograms (2000 pounds) of 

process weight. 

For the purposes of this subsection only, process air shall be considered 

to be a material introdyced into the process when calculatini process 

weight. 

(c) For the purposes of this rule, emissions shall be averaged over one 

complete cycle of operation or one hour, whichever is the lc~cr time 

period. 

(5) SCAQMD Rule 409 - Combustion Contaminants 

Combustion contaminants measured as grams per cubic meter (grains per 

cubic meter (grains per cubic foot) of gas calculated to 12 percent of 

carbon dioxide (CO ) at standard conditions averaged over a minimum of 15 

consecutive minutes. 
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(6) SCAQMD Rule ~75 - Electric Power Generating Equipment 

(u) Alternative Energy Projects 

(1) Exemptions: The provisions of this Rule, exclusive of 

Subsection (u) (2) of this Part, are not applicable to a 

cogeneration unit(s) or a unit(s) in which refuse-derived fuel 

or biomass-derived fuel is burned to satisfy at least 50 percent 

of the total heat demand of that unit (s). For the purposes of 

this Rule, cogeneration unit(s) means any electric power 

generating unit(s) which concurrently recovers for sale by the 

electric power generating system owner or operator a substantial 

fraction, to be determined by the Executive Officer but in no 

event less than 25 percent, of the input energy as other forms 

of energy for utilization for industrial or commercial heating 

or cooling purposes. For the purpose of this Rule, cogeneration 

units do not include combined cycle generating units. 

(2) Modified Units: All existing units which are not ~x~~pt~~ from 

the provisions of this Rule pursuant to Subsection (u) (1) of 

this Part, shall, for the purposes of this Rule, be considered 

new units and shall be subject to the provisions of Rule 213. 

(Standards for Permits to Construct: Air Quality Impact). 

(7) Best Available Control Technology (BACT) means the more stringent of: 

(1) The most effective emission control techniue which has been 

achieved in practice, for such permit unit category or class of 

source, or 

(2) The control technique which will result in the most stringent 

emissions limitation contained in any state implementation plan 

approveed by the Environmental Protection Agency for such permit 

unit category or class or source unless the owner or operator of 

the proposed source demonstrates to the satisfaction of the 

Executive Officer that such control techniques are not available 

(i.e., that such emissions limitations are not presently 



'achievable). No control technique, the application of which 

would result in emissions from a new or modified source in 

excess of the amount allowable under applicable new source 

performance standards specified in Regulation IX of these Rule 

and Regulations may be considered Best Available Control 

Technology, or 

(3) Any other emissions control technique found, after public 

hearing, by SCAQMD or the Air Resources Board to be 

technologically feasible and cost/effective for such class or 

category of sources or for a specific source. 

(8) Mf! reauired. BACT for itt::\ t.urhinP~ i ~ w~t~r or sham injection. 

(9) New Source Performance Standards (NSPS). NSPS have not been 

promulgated for this size of equipment. 

(10) Sulfur content of natural gas must be 80 ppm or less (calculated as 

hydrogen sulfide) (SCAQMD Rule 431.1). 

(11) New Source Review Rule (NSR). SCAQMD Regulation XIII concerns 

procedures to be followed and limitations to be met by new source of 

air contaminants. 

,_-

SCAQMD Rule 1303 - Applicability and Analysis 

(a) Applicability 

The provisions of this regulation shall apply to new stationary 

sources or modifications to existing stationary sources and 

relocation to non-contiguous property of existing stationary 

sources as provided in suooecLiuu (c) whlch result in a net. 

emission increase from such stationary source of any ~i~ 

contaminant greater than 68 kilograms (150 pounds).per day 

except r.ttrhon monoxide for which the value is an increase of 340 

kilograms (750 pounds) per day. 
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(b) Analysl.s 

The Executive Officer shall deny the permits to construct for 

permit units subject to this regulation as provided by Ru~e 1303 
(a) unless: 

(1) The new source or modification complies with all applicable 

rules and regulations of the District; and 

(2) The applicant !ertifies in writing prior to the issuance of 

such permit that all stationary sources owned or operated 

by such person (or by any entity controlling, controlled 

. by, or under common contrpl with such person) in the State 

of California are in compliance with all applicable 

emission limitations and standards under the Clean Air Act 

(42 USC 7401 et, seq) and all applicable emission. 

limitations and standards which are part of the state 

implementation plan approved by the Environmental 

Protection Agency or on a compliance schedule approved by 

the appropriate federal, state or district officials. The 

requirements of this subsection shall apply to stationary 

sources with allowable emissions of any air contaminant of 

25 tons per year or more; and 

(3) The new source or modification will be constructed using 

BACT for each affected air contaminant. In carrying out 

this provision, the Executive Officer shall annually 

publish a guideline of BACT for commonly processed permit 

unit categories or classes of sources. BACT dfor other 

permit unit categories or classes of sources shall be 

determined on a case-by-case basis; and 

(4) The net increase in emissions for each affected air 

contaminant has been offset pursuant to Rule 1307; and 
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(5) The applicant has substantiated with modeling or other 

analyses approved by the Executive Officer that the new 

source or modification will not cause a violation or make 

measurably worse an existing violation of any national 

ambient air quality standard at the point of maximum ground 

level impact. However, modeling shall not be required if 

all offset sources are within a distance of 8 kilometers (5 

miles) from the affected permit units; and 

(6) The Executive Officer determines that the new source or 

modification will not result in emissions which interfere 

with the schedule of reasonable f'ur·ther progress set forth 

in the state implementation plan for the South Coast Air 

Quality Management District, approved by the Environmental 

Protection·Agency. 

(c) The provisions of this regulation shall apply to existing 

stationary sources relocated to non-contiguous properties, 

provided: 

{1) The relocation distance is greater than 8 kilometers 

(5 mUe,c~) and the emissions of any air contaminant, at 

the new location, are greater than 68 kilograms (150 

pounds) per day except carbon monoxide for which the 

valu~ 1:;~ 340 kiloirams (7'i0 pounc1R) per day; or 

(2) The relocation distance is less than 8 kilometers 

(five miles) and there is a net emission increase of 

any air contaminant greater than 68 kilograms (150 

pounds) per day except carbon monoxide for which the 

value i3 an increase of 340 kilogr·ams (750 pounds) per 

day. 

SCAQMD Rule 1304 - Exemptions from Regulation XIII 

Upon approval by the Executive Officer, and provided BACT is employed on 

the subject permit units, an exemption from this regulation, for one or 
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m~re air contaminants as appropriate, shall be a~iowed for the permit unit or 

source which: 

(e) Resource Conservation and Energy Projects 
~ . 

Is a cogeneration project, a project using refUse-derived 

or biomass-derived fuels for useful energy generation, a 

resource recovery project usuign municipal wastes, or other 

energy related project but excluding such other 

energy-related proj~cts ~t power plants or ref~neries, 

provided: 

(1) the applicant establishes by modeling that the 

affected source will not cause a new violation or make 

measurably worse an existing .violation of any national 

ambient air quality standard at the point of max~mum 

ground level impact; and 

(2) the applicant demonstrates that best.efforts have been 

made to obtain the required emi~sion offsets, and that 

the applicant certifies that required offsets will be 

sought until construction of the affected.source 

begins,. and that all required offsets available shall 

be ·used; and 

(3) The Executive. Officer· determines that the project will 

not interfere with the schedule of reasonable further 

progress set forth in the state implementation plan 

for the South Coast Air Quality Management District, 

approved by the Envlr.onmental Protectfon Agency; 

(12) . SCAQMD Rule 1302 

(g) Cogeneration Project means a project which 

(1) makes use of exhaust steam, waste steam, waste steam heat, 

· or resultant energy from an indus trial, oommercial, or. 

manufacturing plant or process for the generation of 

electricity, or 

. 81 



(2) makes use of exhaust steam, waste steam, or heat from a 

thermal power pant, in an industr!al, commercial, or 

manufacturing plant or proce~s. 

For the purposes of this definition the "industrial, commercial or 

manufacturing plant or process" Shall not be a thermal power plant or portion 

·thereof. A cogeneration project shall not consist of steam or heat developed 

solely for electrical power generation. To qualify as a cogeneration project, 

the processes listed-in (1) and (2) above.must concurrently recover for useful 

purposes, at the-first stage of heat transfer, not less than 25 percent of the 

energy. 

(13) Limits (Net Increase of any specific pollutant, e.g., NOX) 

1. 15 lbs/hr, 150 lbs/day 

A. BACT required 

BACT is water injection 

2. 15 to 25 lbs/hr, 150 to 250 lbs/day 

A. BACT required 

B.. Exemption per SCAQMD Rule 1304 (see note· 11) 

A. BACT required 

~- Emission offocto from off3ite 3ource 

C. Air modeling which ~hows no worsening-of any na~ional 

ambient air quality standard 
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