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An agriculture background and an interest in 

the design of industrial buildings have led me to the 

thesis project I have chosen. I am going to take an 

industrial process, determine its needs, and design 

the building that will house it. 

The process I have chosen is the production of 

an ultra-high maltose syrup from a genetically derived 

waxy barley. The barley and the process were both 

developed by Montana State University faculty. Dr. 

Ken Goering, Bernice DeHaas, Doug Chapman, Robert 

Eslick and Dr. Robert Gramera all contributed to this 

development. The starch of the waxy barley variety, 

which was developed for the Northwest region of the 

United States, has a low pasting temperature. The low 

temperature allows for the economically feasible 

conversion of starch to syrup with by-products of bran 

fiber and protein, all of which hopefully can be 
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marketed for human consumption. Another aspect of the process is 

the distillation of alcohol from the mill water of the plant after a 

certain concentration of sugar has been reached. 

The pilot plant which I am proposing has needs which go beyond 

simply the enveloping of a machine process in a building. It is a 

new industry so there is a need to generate interest, to sell stock 

in the company and to sell the products produced. So beyond 

providing a space for the machinery, consideration will be given to 

the facet of a new industry which will want to draw attention to 

show and sell its products as well as process them. 



The word "industry" often brings visions of 

large ominous buildings with smoke stacks pouring out 

black smoke. The smoke in some cases may be necessary 

but the ominous, in human feeling does not have to 

occur. The shapes of the machines and the buildings 

are functional. They are designed to do a specific 

task. With thought also applied to the environment 

and the people who live and work near the industrial 

building the ominous quality can be reduced. 

In every industrial plant there is an input and 

an output point. Between the two points the material 

is changed in some manner in shape or content. The 

maltose-syrup process used here converts barley, an 

organic matter, now used in Montana primarily for 

animal feed, into a group of products for human 

consumption. There are also products which are not 

for human consumption. The conversion of the barley 



is done by machines which physically alter the barley by temperature 

changes, and by the addition of other substances which chemically 

alter the barley. How this process relates to architecture is not 

at first apparent. In order to design a building, an in-depth 

analysis must be made to understand the criteria for the particular 

building. Industrial buildings have a different set of criteria to 

be met than, for example, an office building which will be used by 

large numbers of people. The industrial building houses a process. 

The main objective of the process is to manufacture products 

profitably for the company. All this has in common with an office 

building is that both buildings shelter something or someone from 

the weather. The aesthetics and forms of these building types will 

be completely different. The interior of the industrial building is 

not as demanding. The materials, machines and vats will create 

their own type of aesthetics with consideration given to the details. 

Site planning, materials, image and other exterior considerations of 

the industrial building are also considerations of the office 



building; but the purpose of the industrial building is to house a 

process. The most important criterion will be the process (the flow 

of goods). It must be studied and understood in order to produce 

the product efficiently, in terms of time, handling, and money. The 

plant must be economically feasible in order to continue production. 

Oswald Gruber stated in his book, "Industrial Buildings and 

Factories" that: 

"The designer of industrial plants is concerned not so 
much with the technical details of these plants but with 
his role as a mediator between the interests of society, 
of his client, and of the planning authorities; he must 
therefore be aware of eminent importance of these 
problems and must try to take necessary measures even 
against the pressure of financial interest. But 
environmental control does not only mean the prevention 
of biological destructionl it is also necessary to 
oppose the destruction of aesthetic values." 

Albert Kahn on the other hand was interested in the technical 

demands of industrial buildings. During the industrial revolution, 

Kahn designed over 2000 industrial buildings. He designed factories, 

auto assembly plants and aircraft hangers. He did work in the 



United States as well as Europe. He looked for innovation in 

structurally large open bays, for factories and aircraft hangers. 

Kahn looked at the entire industrial process and eliminated as much 

handling of materials as possible. He housed entire factories in 

one building instead of many. He looked for ways to improve 

efficiency and production. The difference between these design 

philosophies reflect the times at which they were used. Times have 

changed since Gruber wrote his book in 1966 and the industrial 

revolution of Albert Kahn's day. Today's concerns have become 

durability of materials, compatibility with environment, energy and 

raw material savings. 

Combining today's concerns with the ideas of Kahn and Gruber, 

their ideas about environment, interests of society, technical 

demands, efficiency and the production process, will form a more 

up to date design philosophy. This philosophy will be used to 

design an industrial building which will be unique in that it will 

be the first plant of its kind for a new company. It will be looked 



at as a model plant for this particular industry. 



Industry is something that has to occur in our 

society. Industry produces the goods and provides 

the jobs which keeps our standard of living high. 

In 1954 A. H. Maslow published a hierarchy of needs 

of the individual. The architect, S. Muller, Glarus 

has made an attempt to design an equivalent pyramid 

of the needs for a progressive industrial enterprise. 

A 
Need tor Self Actualization 

/ \ 

Esteem Needs 

/ \ 
Belong ingness-And Love Needs 

Safety Needs 

Physiological 

Cognizance^ of Motives 
/ \ 

Professional Esteem 
/ \ 

Social Integration 
/ \ 

A Position Within The Market 

(THE INDIVIDUAL) 

Capital and Labour 

(INDUSTRY) 

SOCIOLOGICAL 
CONCERNS 

From International Asbestos Cement Review, Jan. 1978 Edito: 



According to the Glarus Hierarchy of Needs, social integration 

is ranked quite high and I agree with this. The plant being designed 

may not be the work place for large numbers of people, but there are 

people who will work there and there will be many more visiting the 

plant. There will also be large numbers of people who will see the 

plant. The plant must be economically and environmentally beneficial 

to the community. The social benefits of the plant will be providing 

jobs and a necessary service, not just to the Bozeman community but 

to a larger community by providing it with food. Professional esteem 

and cognizance of motives will take longer to establish, but the first 

step is to strive toward those goals. 

The plant will be beneficial to the Gallatin Valley community 

by providing a clean industry that in the future may encourage other 

similar clean industries to locate in the valley. It will convert a 

product grown locally - in the future this could include all of 

Montana - into goods which will be used right here in the valley and 

others which will be used all over the country. An industrial plant 



of this nature can be beneficial to the Gallatin Valley community -

if the plant is appropriately designed to meet the particular needs 

of the process and takes into consideration the community it is 

being built in. 



The image of industry at large has become more 

important in the recent past as the environmental 

issues have become important along with other health 

concerns. The site chosen is very visible to the 

public for several reasons. First, since it is a 

pilot plant and it must have public acceptance of its 

products, it has to become known. It has to have the 

image of producing a clean, healthy product. Public 

relations will be important. Secondly, it has to 

penetrate an already existing market. Its products 

will hopefully be accepted in place of existing 

products. But the people who will be using this 

product will first want to look at the process and 

the company before committing themselves to a new 

product. The image of the plant again becomes 

important. People will visit the plant to see how 

the products are made. They should be given the 



impression that the plant is in production to stay and not to be 

abandoned after a failed effort. Thirdly, the plant must have 

investors in order to expand. These investors are going to want to 

see what they are putting money into. 

The design and materials are going to have to be balanced 

with the economics of the process. Extravagance could turn away 

possible investors who think the management has made bad decisions. 

The process must be sold and the building is only the first 

impression. 



The site chosen takes into consideration the 

needs of the process for transportation and 

circulation. It also provides a highly visible 

location to attract attention. The location is 

between Bozeman and Belgrade, located between 

Interstate 90 and the Burlington Northern Railroad 

tracks which has U. S. Highway 10 parallel to it. 

The site is currently used to produce hay but the 

sub-soil conditions and the isolation from other 

farm land makes its value for farming marginal. 

The railroad will not be used by the pilot 

plant. Future expansion will possibly develop a need 

for the railroad to ship barley in and to ship 

finished products out. The Interstate is necessary 

to ship barley grown outside of the valley to the 

plant. The exits from the Interstate at Bozeman and 

Belgrade will be used to gain access to U. S. Highway 



10. This highway runs along the North boundary of the site so the 

access is good. The Interstate will also be used by the plant to 

ship the finished products out to other areas of the country where 

they will be used. 

The functional planning of the site will take into 

consideration the possibility of expansion. Since this is a pilot 

plant, its size will be small compared to a full production plant. 

In the event that the process is a success and assuming that the 

pilot plant will not be abandoned, expansion must be planned in 

advance. I am assuming the plant will expand from 2000 bushels a 

day to possibly 20,000 bushels a day. Adequate area will be provided 

to allow for this expansion. Even further into the future, other 

types of processing and packaging plants may want to locate near this 

site. These other plants will use the products and by-products of 

the syrup plant. 

Taking the idea of expansion into consideration, and since the 

process is untested at this scale, there are certain criteria which 



will have to be met. The processing area will have to be able to 

both expand and change. The original machinery may not be adequate 

so a system will be developed to allow the moving or altering of 

machinery. For example an overhead crane system will be worked into 

the structural system to allow for the removal or moving of the 

machine components of the process. Adequate area must be provided to 

allow larger vats to be incorporated into the existing system. A 

portion of the building will in the future be connected to other 

buildings. So as the plant expands, the process will be continuous 

from building section to building section. 

Energy conservation will have an impact on the design of the 

building. Because of the varying climate, and the high temperatures 

used in the process, heat loss from the building will be a problem 

in the winter. In the summer excess heat will want to be exhausted. 

Because the process is continuous 24 hours a day 7 days a week there 

are other demands which have to be met. A system will be devised to 

exhaust excess heat during the day and recirculate the excess heat 



at night. 

The interior lighting of the building will be both natural and 

artificial. The areas of glass will also be used for ventilation in 

the summer. Another consideration to generate interest in the plant 

will be to incorporate an active system to collect solar energy. So 

the orientation of the building will take this into consideration. 

The site planning and internal planning of the plant will take 

into consideration the basic concept of future expansion. 
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The machine process of converting waxy barley 

to syrup and its other by-products has been broken 

down into steps. Most of these steps are automated 

with only human supervision and maintenance. The 

following is a written description of some depth for 

each of the steps. 

1. Delivery 

The barley, locally produced, will be trucked to the 

plant by small single axle farm trucks or larger 

semis. These trucks will be equipped with hydraulic 

hoists or gravity boxes for unloading. The truck 

will be weighed, then emptied and weighed again to 

determine the amount of barley delivered. A sample 

is also taken during delivery to determine dockage 

and quality. 

The unloading point is also used as the outgoing 



point for screenings which are separate during the cleaning process. 

The screenings are to be used for livestock feed directly or as 

additives in feed for livestock. 

2. Cleaning 

When the barley is delivered, it has a variety of weed seeds, husks, 

rocks, and dust mixed in with it. To separate the barley from the 

other debris, the grain is agitated over a series of screens to 

separate the rocks and weed seeds from the barley. At the same time 

the grain is agitated over the screens, air is forced through it to 

remove the dust and grain husks. All this material is gathered, 

stored in one location and shipped out once every few weeks. 

3. Storage 

A two to three week supply of barley will be kept on hand at the 

plant (28,000 - 36,000 bushels). The rest of the storage required 

to keep the plant operational for the entire year will be provided 

by existing on farm storage facilities. 



4. Milling 

The grain will be ground by running the grain through a series of 

hammer mills. The first mill will grind the barley. It will then be 

agitated over a screen to remove the fine powder. The grain which 

has been reduced to particles small enough to pass through the screen 

continues on through the next hammer mill, which has a finer screen. 

This flour is then agitated over the screen. The materials too large 

to pass through each screen will be returned to the hammer mill to be 

ground finer. This continues until all the grain is reduced to a 

f ine meal. 

5. Mixing 

The flour is then combined with water in a 1 to 4 ratio by weight. 

An enzyme is added to thin the slurry. This batter is slowly 

agitated, while being held at 40° + 50° C for an hour to allow for 

the first chemical breakdown of the barley materials. 

6. Milling 



The batter is then pumped through a burr mill which is used to reduce 

the batter to a uniform consistency.* 

*In most cases where there is a machine process, there will be a 

series of three machines, two operating and one back-up. 

7. Screening 

The batter is then agitated over a screen to separate the bran 

protein from the batter. The fiber is held for step 9. The slurry 

now in a more liquid state, moves on to the next step. 

8. Centrifuge 

The slurry is now pumped through a centrifuge which will separate 

the crude starch and protein from the liquid portion (mill water). 

The starch goes on to step 13, while the mill water moves on to the 

next step. 

9. Mixing 

The bran fiber from step 7 is combined and mixed with the mill water 

from step 8. 



10. Mixing 

This mixture is again milled through a burr mill to reduce the batter 

to a uniform consistency. 

11. Screening 

The batter is once again agitated over a screen to separate the bran 

fiber and the liquid portion of the batter. 

11.(a) Preserve 

The bran protein removed will then be dried in some manner, possibly 

by forcing the fiber through an extruder. 

11.(b) Storage 

The fiber once dried, is now stored for shipment. 

12. Centrifuge 

The batter is pumped through a centrifuge to separate the crude 

starch and protein from the mill water. The starch continues on. 

While the mill water is either recycled into the process at step 5, 

or after it is recycled through this part of the process several 



times to build up its sugar content, it is sent to another building 

for distillation. 

12.(a) Fermentation 

The mill water is then allowed to ferment 24-48 hours after an enzyme 

and yeast have been added to it. 

12.(b) Distillation 

Following fermentation the mill water is distilled to separate the 

alcohol from the water. Whenever the distillery is not distilling 

alcohol, it will be distilling water for use in step 13. 

13. Mixing 

The crude starch is combined with distilled water to form a 30% 

starch solution. A malt extract is added at this point to break down 

the molecules and act as a thinning agent. 

14. Cooking 

The batter is now heated up to 75° C and held for 10 minutes. 



15. Cooling 

The batter is now rapdily cooled to 40° C. 

16. Holding 

Green malt is now added to convert the starch of the barley material 

into sugar. It is held at 40° C for from one to four hours. 

17. Cooking 

The temperature of the batter is raised to 60° C. 

18. Centrifuge 

The batter is now pumped through a centrifuge to separate crude 

protein from the liquid. The liquid continues on while the protein 

goes to step 20(a). 

19. Hold 

The liquid is now held for 24-48 hours to allow for further chemical 

conversion of the barley starch. 



20. Centrifuge 

The remaining raw protein is now separated from the syrup by 

centrifuging the mixture. 

20.(a) Preserving 

The protein is now dried; it may be desirable to remove the oil from 

the protein at this point by extracting it with alcohol. 

20.(b) Storage 

The protein is now stored for shipping out. 

21. Filter 

The syrup is now filtered first through a particle filter and next 

through an activated charcoal filter to remove any odor and color. 

22. Evaporator 

The syrup is concentrated from 30% syrup to 80% syrup by evaporating 

water from the syrup. 

23. Storage 

The syrup is now stored. 
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Since the image of the plant is going to be 

important, the materials used will be of a high 

quality. The different areas of the plant (office, 

lab, receiving distillery, shipping, processing, and 

storage) will each have to be looked at separately. 

After an understanding of the needs of each area has 

been achieved all the areas will be integrated into a 

total building system. The materials will be used to 

bring the different areas of the plant together. 

Concete glass and metal will be the primary materials 

used. A durable material, concrete, will be needed 

in the area of the vats because large quantities of 

water will be used to periodically clean the vats. A 

metal panel wall system will be used in portions of 

the building where heat retention is important. Glass 

will be used in portions of the building to allow for 

natural light and to help ventilate heat from the 

MATERIALS 



building where needed. 

Industrial and high tech building materials have recently been 

developed and used extensively. The Pompidou Center in Paris by 

Piano and Rogers is one of the most prominent examples of a high-tech 

building. This does not mean that this is the type of building being 

designed, but the massing of pipes and the duct work along with other 

details will be treated in a similar manner in the interior. The 

detailing of this type of building is what is going to make it a 

success. 



Industrial processes use large quantities of 

energy. In the barley syrup process the energy used 

will operate machinery and provide heat at specific 

points. Energy can be conserved by using efficient 

machinery and by recycling as much of the heat used 

in the process as possible. 

The heat demands of the process do not call 

for extremely high temperatures, the highest is 75° 

C, which could possibly allow for the use of an 

active system to gather solar energy. After looking 

at several types of collection systems the evacuated 

tube system from Owings - Illinois was chosen. The 

system has an industrial or high tech look and also 

provides a maximum amount of energy while taking up ENERGY 
a minimum amount of space. 

Having chosen the evacuated tube system for 

gathering, preliminary sizing and energy requirements 



were made. Providing 100% of the energy needed is not feasible in 

this situation, the collection system will be used as a pre-heater. 

The collectors will be worked into the design not just as an add on 

system. The collectors will provide some energy and interest in 

the building. A system using natural gas will be used to provide 

100% of the energy required. 

The following formula was used to estimate the amount of heat 

required to start the system up and then maintain the heat after 

the initial start up. 



Quantity Weight Degree F. Specific _ BTU 
Hour x Gallon Raised Heat Hour 

The weight and specific heat of the material have been estimated. 
The specific heat and weight will vary somewhat with the barley used. 

START UP HEAT 

Quantity Degrees #/Gallon S.P. Heat Btu/Hr 

1. 2600 gallon/hr 
2. 1800 gallon/hr 
3. 1800 gallon/hr 

41° 
64° 
38° 

8.35 
8.35 
8 .35 

.80 

.70 

.70 
1, 

712,088 
673 ,344 
399,798 
785,230 

RECOVER FROM COOLING I STEP 

4. 1800 gallon/hr 63° 8 .35 .70 
1, 
622 ,823 
122 ,407 

MAINTENANCE HEAT 

Quantity Degrees #/Gallon S.P. Heat Btu/Hr 

1. 2600 
2. 1800 
3. 1800 

9° 
0 

64 U 
38° 

8 .35 
8 .35 
8.35 

.80 

.70 

.70 

156,312 
673 ,344 
399,798 

1, 229,454 

RECOVERED 

4. 1800 63° 8 .35 .70 - 662,823 
566,627 



The size of the panel area was decided upon as 640 sq. ft. to 

be mounted vertically with a reflective surface in front of the panel. 

The system sized will provide from ten to twenty million Btu's of 

energy per month and will have a payback period of about 15 years. 



SYSTEM SCHEMATICS 

The system developed will use a liquid system to circulate the 

heat provided by the natural gas system and the heat directly from 

the tubes. Heat exchangers will take the specified heat that will be 

needed at each point and allow the rest of the heat to flow on to the 

next point. The heat will be directed toward its highest needs first, 

then down the line to other points. The final heat exchanger will 

take heat from the processed materials and return this heat back to 

the system. The schematics shown are using a system to provide 

storage. The modes using the storage will possibly be eliminated 

since the summer months are the only time excess energy will be 

generated and the economics may not allow for a storage system which 

is not used eight to nine months of the year. 



I  D E N T  I F I  C A T  I  O N  

1 .  C o l l e c t o r  

2 .  C o n  t  r o 1  -  P u m p  

3 .  H e a t  E x c h a n g e r  

A .  H e a t  U s e r  

5 - S t o r a g e  

6 .  B a c k - u p  G a s  H e a t i n g  S y s t e m  

7 .  C o n t r o l  V a l v e  

DERIVED PROM LENNOX SYSTEMS MANUAL. 



M O D E  O N E  

C o l l e c t o r  s u p p l y  h e a t  a n d  

s u r p l u s  g o e s  t o  s t o r a g e .  

B a c k - u p  i s  n o t  n e e d e d  



M O D E  T W O  

C o l l e c t o r s  w i t h  s o m e  b a c k - u p  

h e a t  n e e d e d  t o  m a i n t a i n  

h e a t .  



M O D E  T H R E E  

1  .  S u n  s h i n i n g .  

2 .  H e a t  i s  d r a w n  f r o m  c o l l e c t o r  

s t o r a g e  a n d  b a c k - u p  t o  

p r o v i d e  s u f f i c i e n t  h e a t .  

IjWii!! 

; .-! !?in iw" !j 



M O D E  F O U R  

1 .  S u n  i s  n o t  s h i n i n g .  

2 .  H e a t  i s  p r o v i d e d  b y  s t o r a g e  

a n d  b a c k - u p .  



M O D E  F I V E  

1  .  S u n  i s  n o t  s h i n i n g .  

2 .  B a c k - u p  s y s t e m  i s  p r o v i d i n g  

1 0 0 %  o f  h e a t  r e q u i r e d .  



M O D E  S I X  

1 .  S u n  i s  n o t  s h i n i n g .  

2 .  T h e  s t o r a g e  s y s t e m  i s  

p r o v i d i n g  1 0 0 %  o f  h e a t  

r e q u  i  r e d  .  
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