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EXECUTIVE SUMMARY 
Bourbon production is an American tradition that has spanned generations; providing 
substantial opportunities for economic growth.  The production of whiskey has survived 
economic depression, government regulations and decades of technological 
advancement.   As the bourbon industry continues to flourish, the large volume of by-
product has become a source of frustration.   

The primary research question I address in my project is:  What is the most sustainable 
solution to bourbon industry by-product?  The bourbon industry’s high volume of by-
product can be converted into a resource to reduce its negative environmental footprint.  
However, finding the most environmentally and economically efficient process, while 
maintaining a positive relationship with the surrounding community is a challenge.  To 
recommend a best practice for by-product, I determine the sustainability of different 
alternatives.  Specifically, this project focuses on the following objectives: 

 Identify existing and possible alternatives for bourbon industry by-product. 

 Compare the environmental impact of each alternative using a life cycle 
assessment. 

 Compare the net present value (NPV), internal rate of return (IRR), and payback 
for each alternative. 

 Compare the relative environmental, economic, and community impact of each 
alternative via a quantitative analysis. 

Currently, many distilleries either discharge their by-product to the local sewer system 
or convert the spent grains into a cattle feed source.  Simply reducing the moisture 
content of the by-product with a centrifuge or screw press creates a product known as 
wet distiller’s grain (WDG).  A more energy intensive alternative involves centrifuging 
the by-product, condensing the liquid to a concentrated syrup, and drying the solids. 
This product is known as dried distiller’s grain with solubles (DDGS).  The third 
alternative in this study involves the use of anaerobic digestion to convert the by-
product into renewable energy, while using the biosolids as fertilizer.   

An environmental life cycle assessment, financial analysis, and quantitative analysis 
were performed on WDG, DDGS and anaerobic digestion processes.  Heaven Hill 
Brands was used as a case study for life cycle modeling, cost and community impact 
analysis.  Heaven Hill Brands is a producer and distributer of distilled spirits.   

The life cycle assessments performed showed significant impacts.  The anaerobic 
digestion process’s impact to global warming is greater than the WDG process; 
however, the impact is mitigated by the generation of renewable energy.  The credit 
applied for the production of biogas and the use of the biosolids as fertilizer significantly 
reduced its impact on greenhouse gas emissions.  In the case of WDG and DDGS, a 
grain credit is applied based on the production of a resource from the spent grains that 
reduced direct grain demand for animal feed.  The environmental impact of the WDG 
process is insignificant; however, the DDGS operation produces a sizeable impact due 
to the high energy demand of the process.   
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The financial analyses determine that wet distiller’s grain produces the highest net 
present value, internal rate of return, and the quickest payback.  The savings for all 
three alternatives is significant; however, the large capital costs for DDGS and 
anaerobic digestion affect the financial return.  Anaerobic digestion has the lowest net 
present value.  Both DDGS and anaerobic digestion have similar internal rates of return 
and paybacks. 

The quantitative analysis determines that WDG and anaerobic digestion alternatives 
have near equal overall value.  The sensitivity to performance analysis reveals that 
none of the alternatives are significantly sensitive to GWP or NPV.  However, the DDGS 
operation is sensitive to community impact.  The DDGS operation’s sensitivity to 
community impact is expected based on the operation’s potential odor, visible 
emissions, noise, the increase in traffic, and the weighting of this particular attribute. 

Heaven Hill weighted the community impact as the most influential attribute for the 
comparison of the three alternative uses of by-product.  The organization has found that 
forming a positive relationship within the community is a priority.  Integrity is a core 
value of Heaven Hill Brands.  This integrity is compromised if the concerns of the 
community are not considered as the company analyzes prospective developments.   

This in-depth analysis was used to develop a concrete recommendation for Heaven Hill 
Brands. The implementation of an anaerobic digestion operation is the most sustainable 
solution.  This alternative is the most environmentally efficient, promotes community 
well-being with a minimal negative impact and is economically beneficial for the 
organization.  The anaerobic digestion process allows Heaven Hill Brands to create a 
resource from an existing waste stream; promoting the organization’s commitment to 
environmental stewardship. 
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INTRODUCTION 
 

Bourbon has played a significant role in American history.  Today, bourbon provides 

substantial opportunities for economic growth in communities as it did for the early 

American settlers.  Whiskey became America’s widespread favorite spirit with the 

beginning of the westward expansion.  Because the raw ingredients for rum and gin 

became too expensive to transport across the mountains, farmers found a way to 

produce spirits from local crops (Veach, 2013).  Farmers were able to convert 

accumulated excess corn or rye grain into whiskey, and then use the whiskey to barter 

for other supplies and life necessities in a time when money was practically non-existent 

(Cecil, 1999).   

The early American approach to whiskey making was based on generational experience 

rather than scientific methods (Cecil, 1999).  It was very typical to hear of families 

perfecting their method or “recipe” over generations.  As farmers continued to convert 

excess grains into whiskey, small distilleries began to operate across America.   

Better known as the National Prohibition Act, the Volstead Act of 1919 banned the 

production and distribution of alcoholic beverages.  The Volstead Act took its toll not 

only on distilleries but on most of the United States (Ibid).  Violence, organized crime, 

and illegal liquor production soared.  In Kentucky, illegal moonshine operations 

flourished.  When the Prohibition Act was repealed in 1933, in the midst of the Great 

Depression, many counties within Kentucky were revived.  The legal sale of alcohol 

increased whiskey production, lessening the effect of the Great Depression on many 

Kentuckians (Ibid).   

Whiskey vs. Bourbon 

What does it take to classify a whiskey as bourbon?  Many do not realize the very 

specific criterion for bourbon whiskey.  Bourbon must be distilled from a minimum of 

51% corn grain; the other ingredients are a combination of malted barley and either rye 

or wheat, dependent upon the recipe (Ibid).   The mash must be distilled to 160 proof or 

less.  Since distillate cannot enter the barrel higher than 125 proof, the percent alcohol 



2 
 

of the distillate is reduced using water.  The distillate must be aged in a new, charred, 

white oak barrel, at a starting proof not exceeding 125, for a minimum of 2 years (Ibid).  

Kentucky is an ideal area to produce fine bourbon whiskey.  Kentucky’s limestone 

filtered water is used to reduce the proof of distillate.  Limestone filtered water lacks the 

iron deposits that can easily taint the flavor of bourbon.  Also, the seasonal changes in 

Kentucky complement the aging process.  Heat causes the bourbon to expand and 

soak into the charred oak, while the winter months allow the bourbon to condense and 

soak in the caramelized sugars of the barrel (Veach, 2013).  The earliest information 

found regarding whiskey production came from a Dr. Thomas D. Clark.  He was cited as 

claiming that, by 1865, KY was producing 3,348,000 gallons of whiskey annually (Cecil, 

1999).  Today, Kentucky produces 95% of the world’s bourbon supply (Kentucky 

Distillers’ Association, 2015).  

The production of bourbon generates a significant volume of by-product.  This by-

product is composed of spent grains and water.  Assuming the whiskey produced in 

1865 was at barrel strength, this translates to approximately 18.6 million gallons of by-

product per year. Comparatively, in 2013, bourbon production in Kentucky reached 1.2 

million barrels (Ibid).  This production level translates to 360 million gallons of bourbon 

distillery by-product per year, a nearly 20-fold increase in about 150 years.  The by-

product, typically called whole stillage, has historically been used as cattle feed.  

However, with the high volume of by-product today, supply exceeds demand, and 

alternative uses are needed to render the industry environmentally sustainable.    

A sustainable product must be environmentally efficient, economically beneficial, and 

provide a service that promotes community well-being with minimal negative impacts.  

As a society, we must ensure that we have the water, materials, and resources we need 

to protect human health and the environment (United States Environmental Protection 

Agency, 2015).  Further, we must ensure that future generations will have access to the 

same resource availability for their well-being.  Therefore, industries must make it a 

priority to pursue sustainable practices within their organizations.   
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Repurposing of By-Product by the Bourbon Industry 

Even though the bourbon industry’s primary goal is to produce bourbon, the industry 

has worked to find sustainable uses for the large volume of by-product it generates.  

Currently, distillers either discharge the by-product to the sewer, unsustainable; create 

wet distiller’s grain (WDG) or distiller’s dried grain with solubles (DDGS), which can be 

repurposed for local farmers as a feed source for cattle.  Anaerobic digestion is the 

newest alternative use of by-product that is explored and can generate on-site energy 

(or electricity).  For example, Maker’s Mark Distillery experimented with an anaerobic 

reactor as a part of their wastewater treatment process.  Thus one can ask; what is the 

most sustainable solution for Kentucky bourbon industry by-product?   

In this report, I compare the level of sustainability of these by-product usages to 

determine a best practice for the bourbon industry.     

Wet Distiller’s Grain  

The processing of wet distiller’s grain is relatively simple.  The wet distiller’s grain is 

produced by sending all by-products through either a centrifuge or a screw press.  The 

centrate, the liquid removed by the centrifuge, is discharged to the local sewage system 

and the remaining WDG is composed of spent grains and water at approximately 68-

75% moisture (See Figure 1). The product can be brokered independently by the 

distillery or through a public brokerage.  The WDG leaves the centrifuge and is directly 

loaded onto trucks for transport to surrounding feedlots.  Therefore, the brokering 

process is critical.  Farmers purchase the product ahead of time and deliveries are 

scheduled.  This allows WDG to be removed from the site continuously and does not 

halt continued distillation. 
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Figure 1:  Flowchart of WDG processing.  The first step involves centrifugation of the 
whole stillage.  The thin stillage is then discharged to the sewer while the wet grain is 
used as a feed source.    

 

Wet distiller’s grain is more appealing to distillers than a dried product because the 

process alone requires less capital and is less energy intensive.  With increased 

bourbon production, the increase in available WDG has spurred studies on the 

nutritional benefits of WDG for cattle feed.  At the University of Nebraska – Lincoln, 

Vander Po and colleagues (2006) conducted a study on the dietary inclusion of WDG as 

cattle feed.  The study showed that the addition of WDG to the cattle’s diet generated 

increased energy values compared to cattle fed the standard diet of high moisture/ dry-

rolled corn mixture (Vander Pol, et al, 2006). Optimum energy values were observed at 

30 to 40% inclusion of WDG into the cattle diet (Ibid).  Depending upon the market price 

of corn, WDG is an alternative for farmers, with documented evidence that energy 

values are not compromised.   

Distiller’s Dried Grain with Solubles 

Although it involves more processing, distiller’s dried grain with solubles has traditionally 

been more appealing to the agricultural community.  Even though the content of both 

WDG and DDGS is the same in dry matter, DDGS has a higher percent solid value than 

WDG as fed, and the nutritional value is more substantial per ton (See Table 1).  A full 

nutritional analysis is included in Appendices A and B.  Distiller’s dried grain with 

solubles is produced by drying the by-product (See Figure 2).  As with WDG, the whole 

stillage is centrifuged.  The centrate is then transferred to the evaporators.  The 

evaporators reduce the moisture level and concentrate soluble residues that are later 
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added to the solids while the evaporated water is allowed to cool and discarded to the 

sewer system.  In a parallel process, the WDG solid portion is dried in rotary drum 

dryers.  The moisture removed from the dryers is vented to the atmosphere.  The dried 

grains, at approximately 5% moisture, are then coated with the concentrated solubles.   

The resulting DDGS is purchased by farmers at approximately 7-8% moisture.  

Table 1:  Nutrition Comparison between WDG and DDGS.  The data provided is based on 

the feed product as sold to farmers. 

 WDG DDGS 

% Moisture 74.5 7.6 

% Dry matter 25.5 92.4 

% Crude protein 7.3 26.1 

% Available protein 6.2 19.5 

% Starch  1.5 3.6 

% Crude Fat 2.3 15.0 

   

Net Energy content   

Net E lactation (Mcal/lb) 0.22 0.90 

Net E growth (Mcal/lb) 0.15 0.66 

Net E maintenance (Mcal/lb) 0.22 0.95 

 

 

Figure 2:  Flowchart of the DDGS processing.  In addition to the initial centrifugation, the 
DDGS process involves drying the WDG in drum dryers as well as condensing the liquid 
to a concentrated syrup.  The resultant liquid and solids are then recombined as the final 
product.  

 

Even though the simplicity of the WDG process is appealing to distillers, the increased 

revenue from DDGS is also attractive.  Likewise, the DDGS process provides distiller’s 

with a significantly reduced amount of by-product to broker.  Distiller’s dried grain with 
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solubles sells for $115-$135 per ton while WDG sells for $30-$42 per ton in local 

markets (USDA, 2014).  Also, the agricultural community tends to prefer DDGS due to 

the decreased moisture content and substantial nutritional value compared to WDG 

(See Table 1).  However, the nutritional value of DDGS can vary greatly depending on 

the distillery processing, grains involved, and distribution of solubles (Martinez-

Amezcua, C., et al, 2007).  Conversely, a 2013 Nebraska Beef Cattle Report concurs 

that the feeding value of DDGS is reduced in the drying process (Nebraska Beef Cattle 

Report, 2013). Therefore, although the bourbon distillery by-product is a viable feed 

source for cattle, the nutritional benefit of one versus the other is still debatable.   

 Anaerobic Digestion 

The anaerobic digestion process is a complex alternative that has been well-developed 

in other industrial applications.  The process relies on microbial activity to breakdown 

the by-product, mimicking biological processes in nature.  Here the anaerobic digestion 

converts the distillery by-product into biogas, a usable form of energy (See Figure 3).  In 

this application, the by-product is fed to a digester to produce biogas.  The biogas can 

be used to fuel the distillery operation in place of natural gas.  The effluent from the 

digester is then centrifuged.  The biosolids are brokered as fertilizer, while the liquids 

are then discharged to the city sewer system.  The biogas can be used to fuel the 

distillery operation in place of natural gas. 
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Figure 3:  Flowchart of anaerobic digestion.  In the initial step, the anaerobic digester 

biologically converts the by-product into biogas.  The next step involves centrifugation 

of the digester effluent.  The resultant liquid is discharged to the sewer, while the solids 

are used as fertilizer.    

 

Biological treatments, such as anaerobic digestion, can maximize recycling and 

recovery of a facility’s waste components (Malta-Alvarez, et al, 2000).  Studies show 

that pre-composting treatment increases methane yields.  Hasegawa and Katsura 

(1999) reported a 50% increase in yields when sewage sludge was solubilized under 

thermophilic (requiring high temperatures from 45 to 85°C) aerobic conditions (Malta-

Alvarez, et al, 2000).  Therefore, distillery by-product is ideal feedstock for an anaerobic 

digester.  The by-product exits the distillation operation at approximately 66°C.  The 

stillage remains constant at 49⁰C for several hours.  This is an optimal temperature for 
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anaerobic digestion, alleviating the need to ramp feed temperature, reducing the 

process’ energy demand.    

A growing number of ethanol plants are using energy producing anaerobic digestion to 

increase profits and reduce waste (Johnston, 2010).  Even though the technology is not 

common in Kentucky, there are plans to incorporate anaerobic digestion into Kentucky 

communities.  For example, in Louisville, KY, Star Distributed Energy, in cooperation 

with the City of Louisville, plans to construct a waste-to-energy plant to transform food 

scraps and other organic waste into methane (MNN Holding Company, 2015).  The 

primary focus of the operation will be to construct a food hub comprised of locally grown 

produce.  A second benefit to the plan is to produce methane using anaerobic digestion.  

The methane will power the food hub operation and excess gas will be fed into an 

existing natural gas pipeline.  Thus, the implementation of such a digester in the 

bourbon industry would be an opportunity to power the distillery itself, and possibly 

partner with Star Distributed Energy.   

Implementing a process that reduces global warming potential and exhibits commitment 

to sustainable practices will be beneficial for the bourbon industry.  The bourbon 

industry requires a large volume of natural resources to operate.  From the grains 

needed to produce distilled spirits, to the millions of white oak barrels used annually for 

aging, the bourbon industry relies on a healthy environment for success.  This is an 

opportunity for the industry to make an effort to reduce its impact on the environment 

and society.   

RESEARCH QUESTION AND OBJECTIVES 

The primary research question I address in my project is:  What is the most sustainable 

solution to bourbon industry by-product?  The bourbon industry’s high volume of by-

product can be converted into a resource to reduce its negative environmental footprint.  

However, finding the most environmentally and economically efficient process, while 

maintaining a positive relationship with the surrounding community is a challenge.  To 

recommend a best practice for by-product, I determine the sustainability of different 

alternatives.  Specifically, this project focuses on the following objectives: 
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 Identify existing and possible alternatives for bourbon industry by-product. 

 Compare the environmental impact of each alternative using a life cycle 

assessment. 

 Compare the net present value (NPV), internal rate of return (IRR), and payback 

for each alternative. 

 Compare the relative environmental, economic, and community impact of each 

alternative via a quantitative analysis. 

METHODS 
 

Each of the three components of sustainability, environmental, economic, and societal, 

was examined with complementary analyses.  An environmental life cycle assessment, 

financial analysis, and quantitative analysis that included a qualitative survey of key 

respondents were performed on WDG, DDGS and anaerobic digestion processes.  

Heaven Hill Brands was used as a case study for life cycle modeling, cost, and potential 

societal impact analyses.  Heaven Hill Brands is a producer and distributer of distilled 

spirits.  Heaven Hill’s bourbon distillery operation is located in Louisville, KY.   

Environmental Life Cycle Assessment 

 A life cycle assessment was performed to compare the impact of WDG, DDGS, and 

anaerobic digestion processes on greenhouse gas emissions and other pollutants.  

Since there are several  life cycle assessment (LCA) software packages available to aid 

in accurately calculating the environmental impact of a process, I researched available 

LCA software and corresponded with Duke University’s Dr. Jay Golden, a LCA 

professional, for consultation.  GaBi, developed by the German software company 

thinkstep AG, and SimaPro, developed by PRé from the Netherlands, were found to be 

the most well-known and diverse LCA software systems.  GaBi software was chosen 

because it provides access to a large database of U.S. manufacturing processes.  Also, 

GaBi databases are generated in compliance with ISO standards (GaBi Software, 

2014). 
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The life cycle analysis was bounded within WDG, DDGS, and anaerobic digestion 

processes only.  Milling, fermentation and distillation processes were not included 

because they are the same for all processes under study and thus would not affect the 

comparison.  The required inputs for each LCA were by-product volume and energy 

demand for each variable of the operation.  The outputs were generated based on the 

amount of available by-product.  TRACI 2.1 (Tool for the Reduction and Assessment of 

Chemical and other environmental Impacts), is a tool developed by the Environmental 

Protection Agency to assist in impact assessments for sustainability metrics, LCA, 

industrial ecology, process design, and pollution prevention (Environmental Protection 

Agency, 2014) .  TRACI determined the environmental impact of each process based 

on impact categories such as ozone depletion, global warming potential, water and land 

use, and human health.  The methodology of TRACI is to draw cause and effect chains 

to express where each impact category is characterized (GaBi Software, 2014).  The 

assessment identifies and calculates the environmental impact of individual variables 

within a process. 

Product Input for Life Cycle Assessments 

The LCA for all processes was based on Heaven Hill Brands’ daily production.  There 

were several constant inputs that were used throughout all three processes.  Each 

model was developed to recreate a twenty-four hour period using the daily by-product 

production of 1,750,000 pounds.  For all, the centrifuge was rated at one hundred 

horsepower, and conveyors were rated at twenty horsepower.  The truck transport was 

also calculated for all and was based on a one hundred mile average transport per load.  

Energy impact was calculated based on a parameterized mix-process that represents 

the 2014 Kentucky grid mix (90% coal, 8% natural gas, 2% hydro).  The impact for 

municipal waste water treatment was calculated using a predetermined GaBi model.   

The specific inputs for the WDG follow.  Based on the centrifuge rating, 368,421 pounds 

of wet distiller’s grain is produced daily, resulting in a final product at 38% solids.  The 

remaining centrate, 1,381,579 pounds, is discharged to the city sewer.  Using the by-

product as a cattle feed source enables a grain credit to be applied to the model; 

because this process negates the agricultural impact of additional grain cultivation.   
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A grain credit was calculated and applied to the model based on 25% of the WDG 

weight.   

The first stage of the DDGS operation generates WDG.  However, the WDG then enters 

a thirty-two horsepower rotary drum dryer, generating 147,368 pounds of dried distiller’s 

grain.  The centrate enters the evaporator, generating 4,806 pounds of solubles, 

1,239,096 pounds of waste, and water vapor.  The evaporator and drip system energy 

input was based on 120 horsepower.   The model represents 492,762.25 pounds of 

DDGS at 8% moisture.  The grain credit was once again applied.   

An analysis from Mark Stoermann, Star Distributed Energy Executive, was used to 

determine the inputs and outputs of a possible anaerobic digestion operation for 

Heaven Hill Brands.  Based on the amount of by-product produced at Heaven Hill, 

Stoermann calculated the potential biogas production, biosolids and resulting liquids.  

Heaven Hill Brands has the potential to produce biogas equivalent to 65,786 kilowatt 

hours of energy daily.  The digester energy input was based on a one hundred and fifty 

horsepower system.  1,750,000 pounds of effluent exited the digester and was 

centrifuged, producing 112,000 pounds of fertilizer and 1,638,000 pounds of waste.  

Credits were applied based on resources produced.  A natural gas credit was included 

at a 1/1 ratio for biogas produced.  A fertilizer credit was included at 25% value based 

on percent moisture of the fertilizer product, per GaBi practice.   

Financial Analyses 

The financial analyses were performed based on Heaven Hill Brands’ criteria for 

financial return analyses.  The analyses are based on a seven year- investment.  The 

income tax is set at 37% and the interest rate at 8%. Net present value, internal rate of 

return, and payback were calculated for each alternative.  The values were determined 

based on anticipated capital required, revenue, labor, and sewer/energy savings.  

Internal organizational documents were referenced for savings and cost estimates 

(Heaven Hill Brands, 2014).    

The WDG project capital was estimated at $1.6 million.  Wet distiller’s grain revenue 

was calculated at $857,684 (after 3% broker fee) annually based on 184 tons of WDG 
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produced per day, 240 days per year, at a conservative price of $20 per ton.  $180,000 

annual expense was included for each process.  Annual expenses include two 

additional full-time employees, maintenance, and operating costs.  An annual sewer 

savings of $600,000 was calculated based on 2014 costs and flow reduction.   

The DDGS project capital was estimated at $17.5 million.  Revenue was $2,037,000 

(after 3% broker fee) based on 76 tons of DDGS produced and sold for $115 per ton.  

Annual expenses remained consistent at $180,000.  Sewer savings slightly increased 

compared to WDG based on decreased volume of discharge.  Sewer savings was 

calculated at $792,000 annually.    

The project capital for an anaerobic digestion operation was estimated at $12.5 million.  

Annual sewer savings is $808,000, 46% of the 2014 annual cost.  Natural gas savings 

was 75% of 2014 cost; $1.3 million.  Annual expenses remained at $180,000.   

Quantitative Analysis of Sustainability 

A comprehensive quantitative analysis requires analyzing the three defining attributes of 

sustainability.  The life cycle assessments and financial analyses above addressed the 

environmental and economic benefit of each alternative.  To evaluate the community 

impact, Heaven Hill Brands identified potential concerns that could present a negative 

impact to the community.  Using a constructed scale, values were assigned to the 

number of possible community threats.  The quantitative analysis was used to develop a 

formal recommendation for Heaven Hill Brands.   

Heaven Hill Brands identified four potential community concerns.  These concerns are 

increased traffic, visible emissions, noise, and odor.  Values were assigned based on 

the number of concerns each alternative could potentially incur.   

The recommendation was developed by analyzing the three main attributes of each 

alternative; global warming potential as the contributor of environmental impact, net 

present value, and community impact.  A utility function was assigned to each 

alternative based on these evaluated attributes.  The utility function was assigned by 

scaling each attribute from zero to one across the alternatives.  The best value for an 

attribute was given a utility of one, the worst value a utility of zero, and the remaining 
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alternative’s utility was calculated using a formula from Clemen (1996), Ui (x) = x – 

Worst Value / Best Value – Worst Value.  Data retrieved from GaBi modeling and 

financial return analyses were used to determine the utility function for environmental 

impact and NPV.  The constructed scale, developed by Heaven Hill Brands, was used 

to produce a utility function on the community impact of each alternative.   

Heaven Hill Brands Master Distiller / Distillery Manager, Dennis Potter, was the 

designated decision maker for developing the constructed scale for community impact 

and eliciting weights to the individual attributes.  Weight elicitations, overall value for 

each alternative, and a sensitivity analysis were performed.  Using the rates for each 

attribute, weights were elicited to each attribute by dividing the individual rate by the 

sum of the three.  The overall value was calculated using the Clemen (1996) formula:  U 

(Overall)= ke(Ue)+kf(Uf)+kc(Uc).  A sensitivity analysis was performed based on 

variations in performance.  By adjusting the value of each alternative by plus or minus 

10%, then re-scaling the utilities accordingly, the sensitivity to performance of each 

alternative was analyzed.  In addition, sensitivity to overall value to variation in global 

warming potential, net present value, and community impact was analyzed.   

A formal recommendation for Heaven Hill Brands was developed based on the overall 

value of each alternative and the sensitivity analysis.    

RESULTS  

Life Cycle Assessments 

Air Pollutants and Greenhouse Gases 

TRACI 2.1 data was generated based on GaBi models for each of the individual 

alternatives (See Appendices C, D, and E) while Appendices F, G, and H show the 

impact of the individual processes for each alternative.  Figure 4 below compares the air 

pollutants generated by the WDG, DDGS, and anaerobic digestion processes.  The 

graphs depict the global warming potential, particulates, ozone depletion, and smog 

formation resulting from each process.   
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Figure 4:  Comparison of air pollutants generated by three alternative uses of bourbon 

by-product.  Top left shows the GWP.  Top right shows the particulates produced.  

Bottom left shows ozone depletion levels.  Bottom right shows smog air formation.   

 

The WDG process has relatively no impact on air quality.  This process generates only 

0.315 kilograms of CO2 equivalent.  The WDG process has no impact on particulates, 

smog formation, or ozone depletion.   

The DDGS operation produces a negative value for particulates and 

trichlorofluoromethane equivalents, but is a major contributor to global warming.  This 

process creates 27,273 kilograms of carbon dioxide equivalent.  The impact of DDGS is 

substantial in comparison to the minimal value generated by WDG.  The anaerobic 

digestion process generates 3,551 kilograms of CO2 equivalent.  While anaerobic 

digestion contributes to all impact categories, its contribution to global warming potential 

is minimal in comparison to DDGS.   

The WDG and DDGS models produce an increased CO2 equivalent value because of 

the applied grain credit.  The credit increases the carbon values because biogenic 
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carbon was included in the analyses.  The carbon dioxide emissions related to grain 

harvesting and the natural carbon cycle were relevant to grain credit applied.  Excluding 

biogenic carbon would have significantly reduced the values.  However, the addition of 

the grain credit creates negative values for both WDG and DDGS in regard to 

particulates and ozone depletion.   

All processes have a minimal impact on ozone depletion.  Anaerobic digestion is the 

only process to produce a positive value.  In regard to smog formation, each 

alternative’s effect on smog formation is measured by kilograms of ozone.  Wet 

distiller’s grain produces an insignificant value, while DDGS produces five kilograms of 

ozone equivalents, and anaerobic digestion produces near forty three kilograms.  Both 

DDGS and anaerobic digestion generated significant volumes of ozone from their 

processes’ electricity demand.  While Figure 4 depicts the overall values for each 

process, electricity demand produces approximately 140 kilograms of ozone in both 

DDGS and anaerobic digestion.  The grain credit reduces the overall ozone value for 

DDGS.  The impact of the anaerobic digestion process was reduced by both the natural 

gas and fertilizer credits applied to this process.   

Water Contamination 

The three alternative uses of by-product are compared for their impact on water 

pollution (Figure 5).  The processes’ impact on acidification, ecotoxicity, and 

eutrophication were measured.  Overall my results show that anaerobic digestion is the 

only alternative that will have an impact on water pollution. 
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Figure 5: Comparison of water pollutants generated by three alternative uses of bourbon 

by-products.  Top left shows each alternative’s impact on acidification.  Top right shows 

the impact on ecotoxicity.  Bottom left shows impact on eutrophication.   

 

Once again, anaerobic digestion contributes to all impact categories.  The sulfur dioxide 

emissions are generated by the electricity demand (See Appendix H).  However, it is 

anaerobic digestion’s large volume of waste water that contributes to ecotoxicity and 

eutrophication.  The process generates 12.26 kilograms of nitrogen equivalents and the 

aquatic toxic impact is measured as 1667.7 CTUe.    

The distiller’s dried grain operation generates a negative value for all water pollutants.  

Once again, the grain credit applied offsets the impact from electricity demand and 

waste water.  Wet distiller’s grain’s low energy demand, plus the addition of the grain 

credit, makes its impact on water pollution inconsequential.  The negative value from 

DDGS is a product of the grain credit applied to the model.   

Overall, it appears that anaerobic digestion is the only alternative that will have an 

impact on water pollution.   

Toxicity to Human Health 

Figure 6 illustrates the impact on toxicity to human health from the three alternatives.  

The values generated from each process are minimal.  Anaerobic digestion’s impact is 

the greatest; with a total comparative toxic units between cancer and non-cancer health 

issues of 0.00035.   
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Figure 6:  Comparison of human health risks generated by three alternative uses of 

bourbon by-products.  Left shows the impact to cancer related health issues.  Right 

shows the impact to non-cancer related health issues. 

Fossil Fuels 

The fossil fuel requirements (Figure 7) for each process show significant benefits.  None 

of the processes generate a positive value for use of fossil fuels; each process 

producing a surplus of energy.  Anaerobic digestion’s production of renewable energy 

generates a value of -45,487.72 mega joules of surplus energy.  This converts to a 

savings of over 12,600 kilowatt hours per day.   

 

Figure 7:  Comparison of fossil fuel use by three alternative uses of bourbon by-

products.  Shows the surplus energy generated from each process. 

 

Financial Analyses 
 

The net present value, internal rate of return, and payback of each alternative are 

presented in Table 2.  Full financial analyses of each process are displayed in 
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internal rate of return, and the quickest payback.  Anaerobic digestion had the lowest 

net present value.  Both DDGS and anaerobic digestion had similar internal rates of 

return and paybacks. 

The capital required for both the DDGS and anaerobic digestion operations is much 

higher than WDG.  While the WDG operation requires approximately $1.6 million in 

capital, the DDGS process requires $17.5 million.  The anaerobic digestion process will 

require $12.5 million in capital expense.  The savings for all three alternatives is 

significant; however, the large capital costs for DDGS and anaerobic digestion affect the 

financial return.   

Table 2:  Financial Summary of Alternatives 

 

Quantitative Analysis 
 

The attributes to be used in the quantitative analysis were determined by Heaven Hill 

Brands.  Table 3 shows the attributes that were prioritized by rank and given a rate 

value of their importance within each rank.  The rate determination was based on a 

scale of one hundred.  Ranking and rates were distributed by Mr. Potter at Heaven Hill 

Brands.  Once the weight (Kw) was calculated for each component, the community 

impact of the alternative process was determined to be the highest priority among the 

three attributes. 

 Net Present Value  Internal Rate of 
Return 

Payback 
(Years) 

Wet Distiller’s 
Grain 

$3,518,792 53.30% 1.86 

Distiller’s Dried 
Grain with 
Solubles 

$1,669,844 9.63% 6.26 

Anaerobic 
Digestion 

$1,263,543 9.78% 6.23 
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Table 3:  Weight elicitations for attributes where weight (Kw) is calculated using the 

determined rate of each alternative. 

 Rank 
 
 

Rate Weight 
Kw 

Global Warming 
Potential  

 
3 

 

 
25 

 
25/175=0.143 

Net Present Value 
 
 

 
2 

 
60 

 
60/175=0.343 

Community Impact 
 
 

 
1 

 
90 

 
90/175=0.514 

 

The community impact attribute was based on the perceived or potential negative 

impact the alternative use of by-product would have on the neighboring community.  

Discussion with distillery management identified four potential concerns:  Odor, visible 

emissions, increased traffice, and noise.  A constructed scale for community impact was 

developed, with the least number concerns being favored.  Mr. Potter allocated values 

to the constructed scale as shown below. 

 4 Concerns= 20 

 3 Concerns= 40 

 2 Concerns= 60 

 1 Concern=   80 

Mr. Potter identified three possible community concerns associated with the WDG 

process.  The consistent loading of WDG for transport will significantly increase truck 

traffic at the facility and the surrounding area.  Also, visible emissions and noise will 

likely result from the increased traffic.  The DDGS operation poses the identical 

concerns as WDG, with the addition of odor.  The added odor concern is because the 

drying process creates an odor that is noticable for an approximate five mile radius.  For 

anaerobic digestion, the presence of visible emissions from possible methane flaring is 

the project’s only distress for surrounding residents.   
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Table 4 displays the calculated utility of the attributes for each alternative in red.  The 

global warming potential of each alternative is represented by the kilograms of carbon 

dioxide equivalent produced by each process.  The net present value of each process 

was determined in the financial analyses.  The community impact of the alternatives 

was determined by Heaven Hill Brands Master Distiller/Distillery Manager, Dennis 

Potter.   

Table 4:  Alternatives/attributes matrix shows the value of each attribute for each 

alternative.  The first column represent mean values and the second shows the +/-10% 

variation.  Numbers in black are the actual values and numbers in red are the utility 

values. 

Attributes 

Alternatives 

WDG DDGS Anaerobic Digestion 

 
Mean 

 
+/- 10% Mean +/- 10% Mean +/-10% 

Global Warming 
Potential (kg of 
CO2 Equivalent) 

Ke=0.143 
 

0.315 
 
 

(1) 

0.284-
0.347 

 
(1 - 0.99) 
(0.995) 

27,300 
 
 

(0) 

24,570-
30,030 

 
(0.18 - 0) 

(0.09) 

3,550 
 
 

(0.87) 

3,195-
3,905 

 
(0.89-0.87) 

(0.88) 
 

NPV 
Kf=0.343 

$3,518,792 

 
 

(1) 

$3,166,913-
$3,870,671 

 
(0.74-1) 
(0.87) 

$1,669,844 

 
 

(0.18) 

$1,502,860- 
$1,836,828 

 
(0.13-0.26) 

(0.195) 

$1,263,543 

 
 

(0) 

$1,137,189- 
$1,389,897 

 
(0-0.09) 
(0.045) 

Community 
Impact 

Kc=0.514 
 

40 
 

(0.33) 

36-44 
 

(0.31-0.49) 
(0.40) 

 

20 
 

(0) 

18-22 
 

(0-0.23) 
(0.115) 

 

80 
 

(1) 

72-88 
 

(0.94-1) 
(0.97) 

 

Overall Value 
 

0.66 0.61 0.06 0.07 0.64 
 

0.65 

 

Based on weight elicitation from Table 3, an overall value for each alternative was 

calculated.  The equations below are used for calculations.   

 U(WDG)= 0.143(1)+0.343(1)+0.514(0.33) 

 U(DDGS)= 0.143(0)+0.343(0.18)+0.514(0) 

 U(Anaerobic Digestion)= 0.143(0.87)+0.343(0)+0.514(1) 
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The overall values of each alternative are shown at the bottom of Table 4.  Wet 

distiller’s grain has the largest overall value at 0.66.  Anaerobic digestion is near equal 

at 0.64.  Distiller’s dried grain with solubles has a significantly less overall value at only 

0.06. 

A sensitivity analysis was performed based on variations in performance.  Table 4 

details a performance variation of +/- 10% on all attributes.  The utility range for each 

attribute is shown in red and the mean is used to calculate a revised overall value.   

Sensitivity of overall value to variation in global warming potential, net present value, 

and community impact was analyzed (Figures 9).  Sensitivity of overall value to variation 

in GWP and NPV were insignificant.  However, there was a significant sensitivity to 

community impact for the dried distiller’s grain operation. 

        

 

Figure 9:  Comparison of the sensitivity of overall value to variation across three 

alternative uses of bourbon by-products.  Wet distiller’s grain is shown in blue, DDGS is 

shown in red, and anaerobic digestion is shown in green.  The graphs depict to the 

overall value of each alternative after the utility of each attribute is varied by +/- 10%.     
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DISCUSSION 
 

This project examined the level of sustainability of three alternative ways to use by-

product from bourbon distilleries.  Of the three alternatives, none dominate the three 

main components of sustainability examined; greenhouse gas for environmental sub-

component, net present value for financials, and community impact for social aspect.  

While the wet distiller’s grain operation is clearly the most desirable alternative based on 

the financial analyses, the anaerobic digestion process favors well across all three 

attributes considered in comparison.  The anaerobic digestion process’s impact to 

global warming is greater than the WDG process; however, the impact is mitigated by 

the generation of renewable energy.  The distiller’s dried grain operation is competitive 

in the financial analyses, but appears unfavorable in the LCAs and in regard to 

community impact.   

The life cycle assessments are valuable for identifying the best alternative based on the 

impact to air and water pollution, human health, and energy consumption.  All 

alternatives are positively affected by the credits applied.  For WDG and DDGS, a grain 

credit was applied based on the production of a resource from the spent grains.  The 

added grain credit is a consequence of using the by-product as a cattle feed source that 

negates the agricultural impact of additional grain cultivation as a direct feed source.  

For the anaerobic digestion process, the natural gas and fertilizer credit were applied 

because of the production of renewable energy and they are quite impactful.   The 

generated biogas provides the heating equivalent to natural gas.  Based on Star 

Distributed Energy’s analysis, 65,876 kWh/day of electricity is produced.  Anaerobic 

digestion’s biogas production will considerably decrease any operational distillery’s 

base energy demand.  A fertilizer credit was also added to this last alternative because 

of the reduction in impact of chemical fertilizer manufacturing.  The credit for energy 

produced from anaerobic digestion is more significant than the fertilizer credit; however, 

the combination of these two produces an overwhelming reduction in the level of 

negative environmental impact from the operation. 
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The global warming potential was the dominant attribute of environmental impact 

analyzed for each alternative.  This attribute was chosen by Heaven Hill Brands based 

on increasing regulations on greenhouse gas emissions by the Environmental 

Protection Agency.  The outcome of the quantitative analysis could have been much 

different if water quality and human toxicity had been included in the analysis.    

Even though the financial analyses heavily favor the wet distiller’s grain alternative, 

monetary value is not the only variable to consider when determining whether a process 

is truly sustainable.  As organizations seek long-term solutions, swift return on 

investment is considered but no longer the determining factor.  Equilibrium between 

company and societal goals is being pursued (Bovea, 2004).  A thorough analysis of the 

environmental, economic, and social impacts achieves this equilibrium. 

The quantitative analysis integrated all three components of sustainability examined.  

This type of analysis determined that WDG and anaerobic digestion alternatives have 

near equal overall value.  The sensitivity to performance analysis reveals that none of 

the alternatives are significantly sensitive to GWP or NPV.  Also, the revised overall 

values of each alternative, after varying performance by +/- 10%, do not pointedly 

change.  However, only the DDGS operation shows sensitivity to the community impact 

component.  The DDGS operation’s sensitivity to community impact is expected based 

on the operation’s potential odor, visible emissions, noise, the increase in traffic, and the 

weighting of this particular attribute. 

 A sensitivity to weight analysis was not performed.  Weights were elicited by Heaven 

Hill Brands; therefore, sensitivity to weight in the Heaven Hill case study was 

unimportant.  Heaven Hill weighted community impact as the most influential attribute 

among the three alternatives.  The organization has found that forming a positive 

relationship within the community is priority.  Integrity is a core value of Heaven Hill 

Brands.  This integrity is compromised if the concerns of the community are not 

considered as the company analyzes prospective developments.    Overall, the WDG 

operation and anaerobic digestion are the most viable alternatives.  The DDGS 

operation carries no clear environment, financial or community benefit.  Having overall 
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values near equal, the deciding factor is based on Heaven Hill Brands’ most heavily 

weighted attribute, community impact.   

RECOMMENDATION 

The implementation of an anaerobic digestion operation is the most sustainable solution 

for Heaven Hill Brands.  This alternative is the most environmentally efficient, promotes 

community well-being with a minimal negative impact and is economically beneficial for 

the organization.  The anaerobic digestion process allows Heaven Hill Brands to create 

a resource from an existing waste stream; promoting the organization’s commitment to 

environmental stewardship. 
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APPENDICES 

Appendix A:  Wet Distiller’s Grain Nutritional Analysis 
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Appendix B:  Distiller’s Dried Grain with Solubles Nutritional Analysis 
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Appendix C:  Wet Distiller’s Grain Life Cycle Assessment Model 
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Appendix D:  Dried Distiller’s Grain with Solubles Life Cycle Assessment Model 
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Appendix E:  Anaerobic Digestion Life Cycle Assessment Model 
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Appendix F:  Balanced Quantity Results of Wet Distiller’s Grain Life Cycle Assessment 

LCA_WDG Balanced Quantity Results Life Cycle_WDG Life Cycle_WDG Life 
Cycle_WDG 

Life Cycle_WDG Life Cycle_WDG 

   
 

Truck Transport 

 
 

US: Electricity 
grid mix (egrid) 

(Kentucky) 

 
 

EU-27: Municipal waste 
water treatment (mix) PE 

 
 

US: Corn grains, at 
field (20% H2O 

content) PE 

Quantities 0 0 0 0 0 

Environmental quantities 0 0 0 0 0 

TRACI 2.1 0 0 0 0 0 

Global Warming Incl Land Use Change 
(LUC) 

0 0 0 0 0 

TRACI 2.1, Acidification [kg SO2-Equiv.] -0.000440294 4.22E-05 4.31E-05 3.58E-05 -0.000561392 

TRACI 2.1, Ecotoxicity (recommended) 
[CTUe] 

-0.052043416 0.00055413 0.000230602 0.010864447 -0.063692596 

TRACI 2.1, Eutrophication [kg N-Equiv.] -0.000764789 3.43E-06 1.87E-06 6.04E-05 -0.000830528 

TRACI 2.1, Global Warming Air, excl. 
biogenic carbon [kg CO2-Equiv.] 

-0.038254694 0.005360043 0.013583382 0.002916586 -0.060114706 

TRACI 2.1, Global Warming Air, incl. 
biogenic carbon [kg CO2-Equiv.] 

0.31453827 0.005498847 0.013583101 0.016749872 0.278706449 

TRACI 2.1, Human Health Particulate Air 
[kg PM2,5-Equiv.] 

-2.72E-05 1.11E-06 3.54E-06 1.66E-06 -3.35E-05 

TRACI 2.1, Human toxicity, cancer 
(recommended) [CTUh] 

2.11E-10 2.37E-12 2.23E-12 2.78E-10 -7.15E-11 

TRACI 2.1, Human toxicity, non-canc. 
(recommended) [CTUh] 

-3.40E-10 9.84E-11 2.31E-10 1.63E-09 -2.30E-09 

TRACI 2.1, Ozone Depletion Air [kg CFC 
11-Equiv.] 

-1.38E-12 4.66E-14 1.33E-14 5.43E-13 -1.98E-12 

TRACI 2.1, Resources, Fossil fuels [MJ 
surplus energy] 

-0.042140332 0.010358495 0.003558072 -0.00024112 -0.055815775 

TRACI 2.1, Smog Air [kg O3-Equiv.] -0.001943836 0.000943644 0.000368026 0.000315315 -0.003570821 
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Appendix G:  Balanced Quantity Results of Distiller’s Dried Grain with Solubles Life Cycle Assessment 

LCA Distiller's Dried Grain with Solubles 
Balanced Quantity Results 

Life Cycle_DDGS Life Cycle_DDGS Life Cycle_DDGS Life Cycle_DDGS Life Cycle_DDGS 

   
 
Truck Transport 

 
 
US: Electricity grid 
mix (egrid) 
(Kentucky) 

 
 
EU-27: Municipal 
waste water 
treatment (mix) PE 

 
 
US: Corn grains, at 
field (20% H2O 
content) PE 

Quantities 0 0 0 0 0 

Environmental quantities 0 0 0 0 0 

TRACI 2.1 0 0 0 0 0 

Global Warming Incl Land Use Change (LUC) 0 0 0 0 0 

TRACI 2.1, Acidification [kg SO2-Equiv.] -14.14761595 2.914279354 16.32639486 5.362171644 -38.75046181 

TRACI 2.1, Ecotoxicity (recommended) [CTUe] -2642.461293 38.2492264 87.35043497 1628.363381 -4396.424334 

TRACI 2.1, Eutrophication [kg N-Equiv.] -47.32535378 0.236983146 0.70663067 9.058760297 -57.3277279 

TRACI 2.1, Global Warming Air, excl. biogenic 
carbon [kg CO2-Equiv.] 

1802.953904 369.9806097 5145.293416 437.1379532 -4149.458074 

TRACI 2.1, Global Warming Air, incl. biogenic 
carbon [kg CO2-Equiv.] 

27273.12014 379.5616305 5145.187148 2510.470881 19237.90049 

TRACI 2.1, Human Health Particulate Air [kg 
PM2,5-Equiv.] 

-0.647965405 0.076433279 1.340168537 0.248155133 -2.312722354 

TRACI 2.1, Human toxicity, cancer 
(recommended) [CTUh] 

3.78E-05 1.64E-07 8.45E-07 4.17E-05 -4.94E-06 

TRACI 2.1, Human toxicity, non-canc. 
(recommended) [CTUh] 

0.000179992 6.79E-06 8.74E-05 0.000244695 -0.000158891 

TRACI 2.1, Ozone Depletion Air [kg CFC 11-
Equiv.] 

-4.69E-08 3.22E-09 5.04E-09 8.13E-08 -1.37E-07 

TRACI 2.1, Resources, Fossil fuels [MJ surplus 
energy] 

-1826.085364 715.0021068 1347.773751 -36.13970631 -3852.721516 

TRACI 2.1, Smog Air [kg O3-Equiv.] 5.32248514 65.13564421 139.4056952 47.25945348 -246.4783077 
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Appendix H:  Balanced Quantity Results of Anaerobic Digestion Life Cycle Assessment  

LCA Anaerobic Digestion Balanced 
Quantity Results 

Life 
Cycle_Anaerobic 
Digestion 

Life 
Cycle_Anaerobic 
Digestion 

Life 
Cycle_Anaerobic 
Digestion 

Life 
Cycle_Anaerobic 
Digestion 

Life 
Cycle_Anaerobic 
Digestion 

Life 
Cycle_Anaerobic 
Digestion 

  AD Fertilizer 
Equivalent 

Truck Transport US: Electricity 
grid mix (egrid) 
(Kentucky) 

EU-27: Municipal 
waste water 
treatment (mix) 
PE 

US: Natural gas 
mix PE 

Quantities 0 0 0 0 0 0 

Economic quantities 0 0 0 0 0 0 

Environmental quantities 0 0 0 0 0 0 

TRACI 2.1 0 0 0 0 0 0 

Global Warming Incl Land Use 
Change (LUC) 

0 0 0 0 0 0 

TRACI 2.1, Acidification [kg SO2-
Equiv.] 

18.03452299 -2.417286681 2.144908379 17.40681805 7.088425175 -6.18834193 

TRACI 2.1, Ecotoxicity 
(recommended) [CTUe] 

1667.652022 -37.40412256 28.15141454 93.13097846 2152.585323 -568.8115712 

TRACI 2.1, Eutrophication [kg N-
Equiv.] 

12.26073413 -0.2202037 0.174419495 0.753392994 11.97506324 -0.421937901 

TRACI 2.1, Global Warming Air, 
excl. biogenic carbon [kg CO2-
Equiv.] 

812.5957399 -1822.532186 272.3055731 5485.790774 577.8665581 -3700.834979 

TRACI 2.1, Global Warming Air, 
incl. biogenic carbon [kg CO2-
Equiv.] 

3551.229868 -1835.29519 279.3572004 5485.677474 3318.671272 -3697.180889 

TRACI 2.1, Human Health 
Particulate Air [kg PM2,5-Equiv.] 

1.295139247 -0.202984693 0.056254861 1.428856161 0.32804416 -0.315031242 

TRACI 2.1, Human toxicity, cancer 
(recommended) [CTUh] 

5.52E-05 -3.14E-07 1.21E-07 9.01E-07 5.51E-05 -6.58E-07 

TRACI 2.1, Human toxicity, non-
canc. (recommended) [CTUh] 

0.000294318 -3.65E-05 5.00E-06 9.32E-05 0.000323471 -9.08E-05 

TRACI 2.1, Ozone Depletion Air [kg 
CFC 11-Equiv.] 

3.46E-08 -7.15E-08 2.37E-09 5.38E-09 1.08E-07 -9.16E-09 

TRACI 2.1, Resources, Fossil fuels 
[MJ surplus energy] 

-45487.71772 -3791.276387 526.2412499 1436.964661 -47.77422675 -43611.87302 

TRACI 2.1, Smog Air [kg O3-Equiv.] 42.96688443 -42.69549076 47.93980674 148.6310721 62.47377406 -173.3822777 
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Appendix I:  Wet Distiller’s Grain Financial Analysis
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Appendix J:  Dried Distiller’s Grain with Solubles Financial Analysis
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Appendix K:  Anaerobic Digestion Financial Analysis

 


