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 Problem Statement:
• Design a beneficial solution for reducing 

the apple pomace and spent grain by-product 
waste produced at Blake Farms.

 Objectives:
• Minimize Blake’s by-product waste
• Maximize profit of value-added product
• Minimize storage time to less than 1 week

 Constraints:
• Achieves payback period < 2 years
• Footprint fits within facility
• Implementation by September 1, 2020
• If materials are dried, moisture content < 8% 

water basis
• Flavor and quality of cider must not change
• Compliance with 21 CFR § 120 from the FDA 

(U.S. Food & Drug Administration, 2001)1

The enzymatic pretreatment design was evaluated based 
on a payback period including capital costs, reoccurring 
cost, and revenue. The capital costs accounts for the 
equipment required to implement the design and 
installation costs (Table 2). Table 3 details the reoccurring 
costs: purchasing enzymes, energy costs, and process 
inefficiencies. The revenue for this solution was calculated 
based on the wholesale price of apples.

Table 2. Capital Costs

Payback period @ 86% juice yield = 0.17 years

Table 3. Reoccurring Costs

Figure 6 represents the payback period at various juice 
yields to account for any decrease in functionality from the 
enzymes. The graphical representation allows the client to 
quickly assess the return on investment depending on the 
juice yield achieved with enzymes. The juice yield 
achieved with enzymes in the pilot scale experiment was 
86%. 

Payback period @ 86% juice yield = 2.04 mo

Figure 6. Accordion press Juice Yield (%) vs. Payback Period 
(months)

Conclusion:
The inclusion of an enzymatic extraction step in Blake’s 
Hard Cider Co. current process can increase the juice yield 
obtained per apple while decreasing the amount of apple 
pomace by-product waste. This design at a juice yield of 
86% (20% increase from their current process) has a 
payback period of 2 months. This design can be 
implemented in other hard cider facilities as well to 
decrease their amount of by-product waste. 

Process Integration
 One step addition before pressing optimally 

formulated to fit within current production hours and 
decrease apple pomace yield (Figure 4).

Figure 4: Current production process (left) and suggested 
production process with enzymatic extraction (right)

 Timeline achieved with the implementation of 3 
maceration tanks within juice extraction room. 

 Juice extraction room layout designed for linear flow 
and complete isolation of juice extraction from beer 
production and canning (Figure 5). 

Figure 5. Proposed layout for production area. Apples would come 
in from left (door to outside) and be processed towards the right in 

a linear flow.

 Enzymatic extraction can be achieved within the 
current production hours of 7am and 10pm (Table 1). 

Table 1. Proposed workflow protocol with enzymatic extraction.

Four design alternatives were generated and evaluated 
based on several criteria: material used, profitability, 
capital cost, sustainability, and space required.

Feedstock for Anaerobic Digestion: Transport the 
materials off-site to a nearby, previously existing 
anaerobic digester. Anaerobic digestion uses microbes 
without oxygen to digest organic matter to produce 
biogas.

Animal Feed: Dry the apple pomace and spent grains 
to sell as an ingredient in animal feed.

Food Product: Dry and mill the apple pomace to create 
apple flour, which can be sold or substituted into baked 
products.

Enzymatic Addition: An addition of hemicellulase and 
pectinase enzyme cocktail to the apple mash before 
pressing. The pretreated apple mash is pressed, and 
results in an increase of juice yield and a decrease of 
apple pomace. 

Selected Design
Enzymatic addition was selected as the best solution to 
help achieve Blake’s goals of reducing waste while 
increasing profits. Experiments were conducted to 
determine the optimal enzyme cocktail and conditions. 

Bench Top Experimentation
 Bench top showed highest yield with Scott 

Laboratories2 HC and PEC5L cocktail at room 
temperature (Figure 2).

Figure 2. No enzyme control (left) and cocktail digested (right) at 
room temperature.

Pilot Scale Experimentation
 Supported bench scale findings by doubling juice 

yield after 2-hour maceration period (Figure 3).

Figure 3. Apple mash during 2-hour maceration period (left) and 
post pressing in accordion press (right).

The client for this project was Blake's Hard Cider Co.

 Apple orchard and cider mill founded in 1946 in 
Armada, MI specializing in agritourism
 Produces cider and pastries

 Blake's Hard Cider Co. founded in 2013
• Produces hard cider and beer

 By-product of the cider-making process is apple 
pomace (Figure 1)

• Produces 1,000,000 lb of apple pomace per year
• Produces 36,000 lb of spent grains per year
• Land applied to their fields which is causing soil 

toxicity and pH concerns

Figure 1. Apple pomace

 Plans to double hard cider production within next year
• Expanded manufacturing facilities
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