
i 

m 
I 

i 

ENERGY EMISSIONS 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spc- 
cific commercial product, process, or service by trade name, trademark, manufac- 
turer, or otherwise docs not necessarily constitute or imply its endorsement, mom- 
mendation. or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 



. -  

DISC LA1 M ER 

Portions of this document may be illegible 
in electronic image products. Images are 
produced from the best available original 
document. 



PROCESS INTEGRATION STUDY OF 
CACHE VALLEY CHEESE PLANT 

Prepared for 

US DEPARTMENT OF ENERGY 
Idaho Falls, I13 

Phase I - Final Report 
October 1991 

Prepared by 

Linnhoff March, Inc. 
Process Design Consultants 

2 Cardinal Park Drive 
Lesburg, VA 22075 
Tel (703)-777-1118 



I 

EXECUTIVE SUMMARY 

A preliminary process integration study was performed on a 7 5  

TPD cheese processing plant operated by Cache Valley Cheese 

Company in Smithfield, Utah. The work was contracted to 

Linnhoff March Inc by the US Department of Energy, Office of 

Indxstrial ?rograms, and administered1 by the Idaho Operations 

Off ice. 

The DOE'S objective in sponsoring this work was to assess the 

techno-economic feasibility of industrial heat pumps in the 

cheese processing industry, using a novel process design and 

optimisation methodology known as Pinch Technology. 

The workscope consisted of two primary tasks: 

(a) apply Pinch Analysis to the cheese manufacturing 
process, and assess whether it is a candidate for 
industrial heat pumping 

(b) identify the correct  heat pumping strategy, and 
establish the overall heating and cooling targets 
for the process 

The Cache Valley plant processes 1 0 0 , 0 0 0  lb/hr of milk per 

hour, producing 45 TPD of Swiss and 30 TPD of Cheddar cheese. 

In addition, 7 TPD of cream and 45 TPD of dry whey powder are 

produced as a byproduct. The plant operates 1 6  hr/day, for 

an average of 3 6 0  days per year. Purchased energy costs in 

1 9 9 0  were $430,000 for fuel, and $370,000 for electrical 

power, for a total of $30 per ton of cheese produced. 

s-1 



The pinch analysis study revealed tha.t the process is indeed 

an excellent candidate for industrial heat pumping. The 

optimum strategy is to use an MVR for whey pre-evaporation, 

and to use a TVR on the multiple effect concentrator. 

turned out that this is precisely the scheme currently being 

used by Cache Valley Cheese, a remarkable achievement 

It 

considering that the design was apparently developed without 

the benefit of Pinch Technology. The operating experience 

with both heat pumps since 1 9 8 9  has been excellent, and it 

can be considered that the technical and economic feasibility 

of this concept have both been adequately demonstrated. 

In the area of general process improvements, however, several 

retrofit process-integration opportunities remain. This is 

indicated by the fact that the target heating and cooling 

duties are considerably less than actual. 

for additional energy savings abount,s to approximately 

$200,000 per year (25% of the total gas and electric bill), 

at an estimated capital cost of $500,000. 

The opportunity 

w 
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MW 

PI 

PRV 

psia 
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TPD 

TVR 

ABBREVIATIONS 

Boiler Feed Water 

British Thermal Unit, of heat 

US Department of Energy 

Grand Composite Curve 

Heat Exchanger Network 

High Pressure (steam) 

kilowatt, of electrical power 

Low Pressure (steam) 

Medium Pressure 

Thousand (when used as prefix) 

Million (when used as prefix) 

Mechanical Vapor Recompressor 

Megawatt, of electrical power 

Process Integration 

Pressure Reducing Valve 

Pounds of pressure per square inch, absolute 

Pounds of pressure per square inch, gauge 

Tons per day 

Thermal Vapor Recompressor 
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Chapter 1 
INTRODUCTION 

This is the final report for the process integration study of 
the Cache Valley Cheese plant perform.ed by Linnhoff March 
Inc. The technical portion of the work was begun in 
September 1991 and completed in October 1991. 

1.1 Background & Objectives 

Cache Valley Cheese is a wholly owned subsidiary of the 
Western Dairymen Co-operative. The company owns and operates 
five cheese processing facilites, all in the rocky mountain 
region: 

a Smithfield, UT - 1,600,000 lb/day milk 
a Twin Falls, ID - 600,000 lb/day 
a Star Valley, WY - 500,000 lb/day 

e Beaver, UT - 400,000 lb/day 

Idaho Falls, ID - 400,000 lb/day 

The Smithfield plant is the most modern and energy-efficient 
one in the group. It operates 16 hr/day, for an average of 
360 days per year. The plant processes 100,000 lb/hr of milk 
per hour, producing 45 TPD of Swiss and 30 TPD of Cheddar 
cheese. In addition, 7 TPD of cream and 45 TPD of dry whey 
powder are produced as a byproduct. 

Energy costs are considered to be one of the few areas in the 
plant that offer opportunity for cost reduction. 
show that gas consumption is about 42  MMBtu/hr, and power 
consumption is 1.7 MW (both figures averaged over a 16-hr 
day). Purchased energy costs in 1990 were $430 ,000  for fuel, 
and $ 3 7 0 , 0 0 0  for electrical power, f o r  a total of $ 3 0  per ton 
of cheese produced. 

Plant logs 
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This study was sponsored by the US Department of Energy, 
Office of Industrial Programs, in order to identify the 
opportunities for industrial heat pumping in the cheese 
manufacturing process. A secondary objective was to identify 
the scope for cost-effective heat recovery through better 
process integration. The specific methodology to be used was 
Pinch Technology, which is uniqcely well suited to both 
tasks. 

1.2 Scope of Work 

The contractual scope of work for Linnhoff March was as 
follows : 

1. Obtain relevant plant data and verify consistency. The 
plant staff were responsible for providing data with 
guidance from LMI. LMI was resplonsible for checking the 
consistency of data. 

2. Perform a pinch analysis for the plant, including data 
extraction, energy targeting for the existing process, 
and identification/analysis of heat pump options. 

3 .  Prepare and submit a report summarizing the work done, 
conclusions reached, and recommendations for action. 

1 .- 2 
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Chapter 2 

STUDY BASIS 

The Smithfield plant has a milk processing capacity of 
100,000 lb/hr. Cheese production is 45 TPD of Swiss and 30 
TPD of Cheddar. In addition, 7 TPD of cream and 45 TPD of 
dry whey powder are produced as byproducts. 

The plant operates 360 days per year. Cheese production is 
limited to 2 shifts (16 hr) per day. Because the whey 
evaporators and dryers are limited in capacity, they have to 
be operated 20 hr/day and 24 hr/day respectively in order to 
keep up with the cheese production rate. This makes for a 
very uneven fuel and power consumption profile. 

2.1 Process Description and Material/Heat Balance 

The cheese manufacturing process is shown schematically in 
Figure 2-1. A detailed heat and material balance for the 
base case cheese production rate of 75 TPD is provided in 
Appendix B. 

Raw milk at 42OF from the storage silos is first centrifuged 
to separate out the cream, which is pasteurized at 193'F and 
sent to refrigerated storage pending sale. The skimmed milk 
is pasteurized at 165'F, cooled to 8 5 O F ,  and cooked in a 
Double-0 vat. When making swiss cheese, the vat is heated to 
125'F; when making cheddar cheese, it is heated to 102'F. 
After curd setting, the cheese is sent to refrigerated 
warehouses for aging and storage. The whey is separated out, 
evaporated, and dried. It is sold as a dry powder with 5% 
residual moisture content. 
the major consumers of er,ergy. The whey is first pre- 
concentrated from 6% to 11.5% in a Wiegand falling-film 
evaporator using mechanical vapcr recompression ( M V R ) .  This 
is followed by further concentration to 55% solids in a 

Whey evaporation and drying are 

2-1  
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Sweeney four-effect evaporator, including a steam jet (TVR) 
around the first effect. 

2 . 2  Utility System Description 

I 

Steam 
The plant has two identical gas-fired boilers, each rated for 
47,500 lb/hr of steam production at 150 psig. Both boilers 
were used at one time. Since the installation of the MVR in 
1983, however, steam consumption has gone down markedly, and 
only one boiler is operated at any given time. Steam 
production is not measured, but is thought to be about 30,000 
lb/hr at 130 psig and 360°F saturated, based on an assumed 
boiler efficiency of 81%. 

The major process steam users are listed in Table 2-1. Steam 
condensate return is not measured, but is thought to be about 
20%. The deaerator operates at 6 psig. Natural gas is 
purchased directly at the wellhead, for an average cost of 
$1.75 per MMBtu. Including transportation charges, boiler 
efficiency, and boiler operating costs, this translates to a 
steam cost of about $2.50/Mlb. 

Cooling/Refrigeration 
The plant had a fire in 1989 which destroyed most of the 
existing refigeration system. New equipment has been 
ordered, which will consist of four inter-related systems for 
process cooling and refrigeration: 

0 Ammonia, 15OF ( 3 7 8  tons) 
0 Glycol, 25OF 
0 Chilled water, 33'F 
e Chilled water, 38'F 

The existing freon system which was put in as an emergency 
measure after the fire, will be retained for use in a couple 
of dedicated services. The biggest refrigeration load by far 



Table 2-1: LIST OF HOT UTILITY CONSUMERS 

Milk Pasteurizer 
Double-0 Vat 
C r e a m  Pasteurizer 
Whey preheater 
Whey Pasteurizer 
Sweeney TVR 
DSI heater 
Flasher Cooler vacumm jet 
Spray Dryer feed 
Spray Dryer heatg duty 
FB Dryer a i r  heaters  
CIP r i n s e  water heating 
Wash water heating 
Deaerator 
Unaccounted l o s s e s  

0.1 
3.0 ? 

0.5 
4 . 4  
0.4 
0.2 

1.1 
1.1 
4.0 
2.1 

0.7 1.9 

10.3 19.7 4.7 

0.3 
4.7 

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

T o t a l  Steam Produced i n  Boiler = 30,000 lb/hr 
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is for refrigerated storage, which varies with the seasons. 
Process cooling accounts for a very small fraction of total 
duty. 
range from between $4 and $6 per MMBtu. 

Costs are not known at this time, but are projected to 

Electrical Power 
All electrical power is purchased from Utah Power & Light. 
Annual power cost in 1990 was about $370,000, or $37.5 per 
MWH including energy and demand charges. 
for cogeneration in the foreseeable future. 

There are no plans 

2-6 



Chapter 3 

PINCH ANALYSIS 

It is beyond the scope of this report to describe the theory 
of Pinch Technology in detail. However, a short introduction 
is provided in Appendix A. The reader who wishes to learn 
more about the subject is referred to EPRI publication #CU- 
6775 (March 1990) entitled "Pinch Technology: A Primer". 

3.1 Composite Curves & Energy Targets for Existing Process 

The stream data for the existing operation, extracted 
according to the principles of Pinch AnalysisSM, are shown in 
Table 3-1. The corresponding composite and grand composite 
curves for the process are shown in Figures 3-1  and 3 - 2 .  The 
stream data are partially "balanced" in that they include 
some auxiliary utility streams such as BFW makeup, boiler 
blowdown, flue gas, etc that are available for integration 
with the process. An approach temperature of 6'F was chosen 
as this is the minimum value currently being used in the 
process. 

The thermal energy targets, without any process 
modifications, are summarized in Table 3 - 2 .  It should be 
kept in mind that these figures represent the heat 
requirements of the process only; no allowance is made for 
boiler or refrigeration cycle efficiency. 

The potential savings due to better heat recovery amount to 
about $200,000 per year. Identifying specific heat recovery 
projects required to achieve these savings is beyond the 
present scope of work. Suffice it to say that the targets 
are realistic, and generally offer a 2 - 3  year simple payback. 

3-1 



Table 3-1: STREAM DATA FOR EXISTING PROCESS 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Whole milk feed C 
Skimmed milk to HTST C 
Pasteurized milk H 
Cream to surge silo H 
Cream pastz heating C 
Pastz cream cooling H 
Double 0 vat C 
Cheese WH cooling H 
Brine Chiller H 
Whey preheating C 
Wiegand evap feed C 
Wiegand evap duty C 
Wiegand vapor (net) H 
Sweeney TVR Steam C 
1st eff condensate C 
Comb 2,3,4 condensate H 
4th effect vapor H 
DSI steam C 
Flash jet exhaust H 
Cryst cooling H 
Dryer feed preheat C 
Spray Dryer air PH C 
Spray Dryer fluegas H 
Fluid Dryer air PH C 
Fluid Dryer exhaust H 
CIP water makeup C 
CIP effluent water H 
Vac Pump sealwater H 
Boiler flue gas H 
Boiler blowdown H 

Mass Flow 
lb/h 

100000 
99440 
99440 

5 60 
625 
625 

3800 
9375 
50000 
90000 
65500 

0 
1300 
4400 
11700 
12900 
7000 
420 
675 
7145 
7145 
70000 
73400 
45000 
59380 
21200 
52700 
6000 
30000 
2500 

____-_-- 
Sp Heat Temperatures, OF 
Btu/ lb°F TS * Tt ---____- 

0.93 
0.95 
0.95 
0.838 
0.838 
0.838 
1000 
0.65 
0.8 

0.968 
0.968 
1000 
1000 
1000 

1 
1 

1000 
1000 
1000 

__-_-- 
42 
100 
165 
100 
46 
193 
200 
65 
50 
100 
150 
145 
145 
335 
158 
115 
104 
200 
110 

------ 
110 
165 
85 
42 
193 
40 
201 
40 
40 

150 
165 
146 
144 
336 
230 
80 
103 
201 
109 

0.728 85 45 
0.728 45 100 
0.24 70 350 

~ 

0.25 120 100 
0.24 70 170 
0.26 120 100 

1 70 120 - 
1 138 80 
1 100 70 

0.25 400 100 
1 335 100 

Ht Load 
MMBtu/h 

6.324 
6.140 

-7.557 
-0.027 
0.077 
-0.080 
3.800 
-0.152 
-0.400 
4.356 
0.951 
0.000 

-1.300 
4.400 
0.842 
-0.452 
-7.000 
0.420 
-0.675 
-0.208 
0.286 
4.704 
-0.367 
1.080 

-0.309 
1.060 

-3.057 
-0.180 
-2.250 
-0.588 

------ 
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Table 3-2: UTILITY TARGETS & SAVINGS POTENTIAL at GT=6OF 

Exisitng Consumption, MMBtu/h 

Target Consumption, MMBtu/h - process loads only - total, incl losses 

Potential savings, MMBtu/h 
, percent 
, M$/yeat 

3-5 

42.0 ? ? ?  

15.1 
20.1 

21.9 
52.0 
220 

3.3 
7 

n/a 
n/a 

? 



3.2 Analysis of Heat Pump Options 

In order to understand and evaluate the heat pumping 
opportunities embedded within the background process, we must 
look at the GCC of the background process without the 
exisitng heat pumps (MVR, T V R ) .  Figure 3 - 3  shows the GCC of 
the background process. The long nose indicates that the 
process is indeed a good candidate for cost-effective heat 
pumping. The fact that the available heat sink above the 
pump is bigger than the heat source below the pinch suggests 
that a combination of MVR and TVR would most likely be the 
optimum design. 

Figure 3-4 shows the GCC with an MVR around the Wiegand. It 
still has a nose, and suggests that the remaining heat 
pumping opportunity involves an open-cycle steam jet (or TVR) 
around the 1st effect of the Sweeney evaporator, which is 
exactly what is being done. As far as heat pumping is 
concerned, therefore, the existing design is already optimum. 

Table 3 - 3  compares the energy targets for cheese processing 
with and without heat pumping. 

3 - 6  
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Figure 3-4: GCC for Cheese Process with Single Heat Pumps (MVR) 
Around the Whey Pre-evaporators 



Table 3-3: COMPARISON OF THEORETICAL TARGETS at GT=6'F 

Background Process 51.4 

MVR on Pre-Evaporator 20.8 

MVR + TVR 15.1 

NOTE : Cooling Load includes refrigeration 

38.6 

8.5 

3.3 
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Chapter 4 
CONCLUSIONS AND RECOMMENDATIONS 

This Pinch AnalysisSM study confirmed that industrial heat 
pumping is a viable energy saving strategy in cheese plants. 
The optimum design consists of mechanical vapor recompression 
around the whey pre-evaporator, and thernal vapor compression 
around the 1st effect of a multiple-effect evaporator. It 
was found that this is precisely what Cache Valley Cheese is 
already doing, a remarkable achievement considering that the 
design was apparently developed without the benefit of Pinch 
AnalysisSM. 

The system has been in operation for several years without 
any problems, and can be said to have been fully 
demonstrated. 

In the area of process heat recovery, the existing design was 
not quite so efficient. The study identifed opportunities 
for net energy savings amounting to $200,000 per year, 
representing 25% of the current site-wide fuel and electric 
costs. To achieve these savings would require better thermal 
integration of the process, for example: 

- use warm seal water for CIP water makeup 
- recycle/reuse hot air exhaust from the dryers 
- recover refrigeration exhaust heat for building 

- set up refrigeration system controls so as to 
space heating 

minimize the compression ratio 

There are a large number of cheese plants in the US, many of 
which do not currently use heat pumps effectively. They 
would benefit from being made aware of the findings of this 
s tuay . 

4-1  



APPENDIX A 

OVERVIEW OF PINCH TECHNOLOGY 



OVERVIEW OF PINCH TECHNOLOGY 

Pinch Technoloqy's Role 

Pinch Technology is based on several key concepts. 
include : 

These 

0 

0 

0 

The way 

Setting energy consumption and heat exchanger network 
capital cost targets for the process using 'composite 
curves ' ; 
Modifying the process to make it inherently more energy 
and capital efficient using the 'Plus Minus' principal; 
Designing heat recovery networks to meet these targets 
using the 'Pinch Principle' and 'Pinch Design 
Methodology'; 
Integrating unit operations such as distillation and 
heat pumping in the process using the 'Appropriate 
Placement Principle'; and 
Selecting site utility systems using the 'grand 
composite curve'. 

in which these concepts can help to generate options is 

outlined below. 

Improvinq Heat Recovery. 
thermodynamic targets for passive heat recovery to be set ahead 
of design. With knowledge of the targets and the existing energy 
consumption, the scope for improved heat recovery can be easily 
determined. The first step in setting targets is collecting 
information about the process energy flows. Process streams are 
categorized as either cold (requiring heat) o'r hot (rejecting 
heat), their start and finish temperatures identified, and the 
associated enthalpy change determined. This information 

Pinch Technology allows rigorous 



is compiled to form the composite h ting and cooling curves 
shown on the temperature-enthalpy axis in Figure 1. 

The cold composite curve represents the cumulative heat demand of 
the process and the hot composite curve represents the cumulative 
heat supply of the process. The overlap between the hot and cold 
composite curves represents the maximum scope for heat recovery 
between process streams. 
there is an 'overshoot' of the cold composite curve where no 
corresponding hot streams are available for heat exchange. 
overshoot is the minimum amount of utility heating required, 

QHmin. Similarly, the overshoot of the hot composite curve at the 
cold end represents the minimum amount of utility cooling 
required, QCmin. The difference between the actual energy 
consumption and the targets represents the scope to save energy 
through improved heat recovery. 

At the hot end of the composite curves 

This 

The point at which the two curves comes closest together is known 
as the 'pinch'. 
fundamental importance when identifying projects that will reduce 
energy consumption to the targeted level. Figure 2 shows how the 
pinch divides the process into two thermodynamically separate 
sub-systems. The sub-system above the pinch has a deficit of 
heat while that below the pinch has a surplus 
target hot and cold utilities are supplied, the two systems are 
in heat balance. 

Recognizing the significance of the pinch is of 

of heat. When the 

Typically, actual manufacturing processes consume more than the 
targeted amounts of energy. Why does this happen? Figure 3 
shows a process consuming X more units of heat than necessary. 
To maintain energy balance above the pinch, 
must be transferred from above the pinch to below the pinch. 
Similarly, to maintain energy balance below the pinch, the X 
units of additional heat must be rejected into cold utility. It 

follows from this argument that to meet the energy targets, heat 

these X units of heat 
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should not be transferred across the pinch. This conclusion is 
known as the 'Pinch Principle'. 

To design a heat recovery system which meets the energy targets, 
the above-and below-pinch systems must be kept separate. The 
procedure for determining which streams to match is known as the 
'Pinch Design Method'. It provides specific rules and tools and 
guarantees that the targets will be met. Applying the Pinch 
Design Method to a process will generate a consistent set of heat 
recovery projects which can then be assessed for their technical 
and economic merit. 

Modifyinq the Process. In addition to giving a graphical 
representation of the energy targets, the composite curves can 
reveal modifications to the process conditions (i.e. 
temperatures, flows, etc.) which will increase the scope for heat 
recovery. In Figure 4 ,  the process is shown divided at the 
Pinch. To reduce the hot utility target, Qmn, the only options 
are to reduce the heat duty of cold streams above the pinch ( - )  

or increase the heat content of hot streams above the pinch ( + ) .  

Similarly, the only way in which the cold utility target, 
can be reduced is by either reducing the heat content of hot 
streams below the pinch ( - )  or by increasing the heat duty of 
cold streams below the pinch ( + ) .  This is known as the 
plus/minus principle. Modifications suggested by the composite 
curves can then be translated into changes in equipment design or 
process operations. Examples of such changes include increased 
pumparound rates and increased condenser pressure (temperature). 

Qcmin, 

Heat Pumps. The targets identified up to this point only take 
into account the scope for passive heat recovery. However, the 
Pinch Principle also provides guidelines on how to integrate heat 
pumps within a process, and tools for determining the appropriate 
heat sources and sinks. 
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A heat pump accepts heat at a low temperature level and delivers 
it at a higher temperature. For maximum thermodynamic benefit 
the source and sink must be correctly placed relative to the 
pinch temperature. 
units of heat above the pinch and using W units of work to 
deliver 
The effect of this is to reduce the hot utility target from Q,, 

to (QHdn-W); work has been degraded to heat. This is not 
usually cost effective because work is seldom less expensive than 
steam, so the conclusion is that a heat pump is not appropriately 
placed if both the heat source and user are above the pinch. 

Figure 5 shows a heat pump accepting Qin 

Qin+W units at a higher temperature above the pinch. 

A similar argument for the heat pump in Figure 6 operating below 
the pinch shows that hot utility use is not reduced at all. In 
fact, the shaft work required to operate the heat pump is 
degraded into heat and actually increases the cold utility 
requirement. This configuration is also inappropriate. 

An 'appropriately placed' heat pump is shown in Figure 7 .  In 
this case, Q,, units of heat are supplied to the heat pump below 
the pinch and Q,,+W units of heat are delivered above the pinch. 
The effect of this is to reduce the hot utility requirement by 
Qin+W, and the cold utility requirement by Qin,  Under these 
circumstances, the heat pump has a good chance of being 
economically feasible. 

This appropriate placement rule is of fundamental importance when 
selecting heat pump applications. When used in conjunction with 
a tool called the 'Grand Composite Curve', a systematic approach 
to finding good heat pumping opportunities emerges. 

The Grand Composite Curve represents the heat demand and 
rejection profile of the process on a single curve. Figure 8 

shows a typical grand composite curve. It clearly shows the 
minimum utility requirements and the location of the pinch. In 
addition, it shows the quantity of heat that must be supplied or 



a,, - w 
n v + a., 

Temperature. 7 

Enrl'lalcy, H 

F i g u r e  5 



n 

Qc mur C W  

b 
Enthalpy, H 



a, rm - (W + a,) 

Tecperature, 

Figure 7 



A 

T I  

PINCH 

QHrnin 

Figure 8 



rejected at each temperature level. 
temperatures and heat loads of heat pump evaporators and 
condensers to be determined. 

This allows the operating 

Figures 9a and b illustrate two different heat pump possibilities 
that are shown by the Grand Composite Curve. Each has different 
economics which can be screened quickly. It is important to 
realize that the Grand Composite Curve already has the scope for 
passive heat recovery 'built-in'. Thus, the heat pump 
opportunities identified are compatible with passive heat 
recovery projects. 

Utility System Desiqn. the configuration of a site utility 
system can have a significant impact on the cost of energy supply 
which, in turn, affects the savings available from heat recovery 
or heat pumping projects. 

The Grand Composite Curve can be used to identify utility systems 
which most clearly match the process heating requirements. 
Figures 10a and b illustrate this. In Figure loa, high pressure 
steam is used to satisfy the total process heating demand. 
However, the Grand Composite Curve shows the presence of a low 
level heat sink. 
power generation, resulting in a lower utility cost than in the 
previous case. It is possible to explore many different types of 
utility systems using this approach. 

Figure 10b shows how this can be exploited for 

Pinch Technoloqy - Summary. The previous sections have shown the 
role of Pinch Technology in generating the various energy cost 
reduction options described in the main body of the report. The 
insights into heat pump placement and sizing are particularly 
important f o r  application selection. Without a knowledge of the 
pinch location, it is impossible to ensure that a heat pump is 
appropriately placed. 
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In summary, Pinch Technology is a valuable tool for finding and 
assessing energy c o s t  reduction schemes and guarantees that if a 
good heat pumping opportunity exists, it will be found. 



APPENDIX B 

HEAT AND MATERIAL BALANCE 



HEAT AND MATERIAL BALANCE SIMULATION 

CACHE VALLEY CHEESE CO 
S m i t h f i e l d ,  Utah 
Date & Time:  22-Oct-91 06:23 PM 

D E S I G N  BASIS:  

C r e a m  product ion,  lb/day 12000 
R a w  milk feed,  l b / h r  100000 

Stream I D  ................................. 
Raw milk feed  t o  process  
Separated cream t o  surge  s i l o  
Skimmed milk t o  HTST p a s t e u r i s e r  
Cheesemaking a d d i t i v e s  
Cheese t o  Aging €4 Storage  
Whey t o  cream s e p a r a t o r  
Whey cream 
Tota l  cream t o  p a s t e u r i z e r  
Whey from Cheesemaking 

Whey t o  Evaporation 
Wiegand product/Sweeney feed 
Evaporation i n  Wiegand 
Steam t o  Whey P a s t e u r i z e r  
Wiegand condensate (Cow Water) 
Fresh water makeup to C I P  

Sweeney Steam (TVR) 
Sweeney product  to D S I  
Sweeney evapora t ion  
Sweeney 1st e f f e c t  condensate 
Sweeney 2 ,3 ,4-ef fec t  condensate 
Sweeney vapor t o  Baro-condenser 
D S I  Steam 
Feed t o  Flash Cooler 
Flash Cooler V a c  Jet steam 
Flash Cooler jet  exhaus t  
Feed t o  C r y s t a l l i z e r  

Feed t o  Spray Dryer 
G a s  t o  Dryer 
Combustion air to Dryer 
Spray Dryer exhaust  
Spray Dryer product  

FB Dryer evapora t ion  
F B  Dryer heated a i r  
F B  Dryer co ld  a i r  
FB Dryer e x h a u s t  
Dry whey powder (p roduc t )  

S o l i d s  

4000 
203 
3798 
7486 
6094 
5415 
23 

225 
5393 

3930 
3930 

------ 

3930 

3930 

3930 

3930 

0 
3930 

0 
3930 

Linnhoff March Inc  
Houston, Texas 
(713) 787-6861 

Cheese  production, l b / h r  
Whey Evap feed rate, l b / h r  

Water Other 

96000 
473 

95528 
7486 
3281 
84535 

53 
525 

84483 

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

61570 
30244 
31326 
475 

31801 
21201 

4400 
4173 

27234 
11700 
12900 
7034 
420 
3430 
2 00 
414 
3215 

3215 
225 

70000 
2628 70225 
587 

380 
45000 
14000 

380 59000 
207 

Tota l  

100000 
675 

99325 
14973 
9375 
89950 

75 
750 

89875 

65500 
34174 
31326 
475 

31801 
21201 

4400 
8103 
27234 
11700 
12900 
7034 
420 
7360 
200 
4 14 
7145 

7145 

------ 

72853 
4517 

380 
45000 
14000 
59380 
4137 

Sol ids  

4.0% 
30.0% 
3.8% 
50.0% 
65.0% 
6.0% 

30.0% 
30.0% 
6.0% 

6.0% 
11.5% 
0.0% 

0 
0.0% 
0.0% 

0.0% 
48.5% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
53.4% 
0.0% 
0.0% 
55.0% 

55.0% 
0.0% 
0.0% 
0.0% 
87.0% 

0.0% 
0.0% 
0.0% 
0.0% 
95.0% 

------ 

9375 
65500 

Temp 
degF 

42 
42 
110 
80 
70 
100 
100 
46 
100 

150 
145 
n/ a 
335 
150 
70 

335 
120 
n/ a 
160 
115 
104 
335 
185 
335 
110 
85 

100 
70 

350 
12 0 
120 

n/ a 
175 
70 
120 
100 

------ 
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