
RECYCLING FOR A CIRCULAR ECONOMY 
THE ROLE OF INDUSTRIAL SIZE REDUCTION IN MATERIAL RECOVERY AND 
RESOURCE REUSE 
 
 
EXECUTIVE SUMMARY 

Modern manufacturing depends on a steady 
supply of raw materials, yet industrial 
operations also generate substantial 
quantities of scrap, byproducts, and 
end-of-life materials. Recovering value from 
these resources presents an opportunity to 
reduce waste, improve material utilization, 
and support a more circular approach to 
production. 

A circular economy seeks to keep materials 
and resources in productive use for as long 
as possible. Achieving this goal requires 
more than collecting recyclable materials. It 
requires effective processes for preparing, 
separating, and recovering materials so 
they can be reused, recycled, or directed 
toward another productive application. 

Industrial size reduction is an important part 
of this process. Through shredding, 
grinding, and related processing methods, 
materials can be reduced to sizes that 
facilitate handling, separation, and 
downstream recovery. The appropriate 
equipment and processing strategy 
depends on the material, the desired output, 
and the requirements of the next stage of 
processing. 

This white paper examines the relationship 
between industrial size reduction and the 
circular economy, explores key recycling 
applications, and outlines the factors 
manufacturers and recyclers should 

consider when developing an effective 
material recovery process. 
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1. UNDERSTANDING THE CIRCULAR 
ECONOMY 

Traditional linear production follows a 
relatively straightforward model: extract raw 
materials, manufacture products, use them, 
and discard them when they reach the end 
of their useful life. 

A circular economy takes a different 
approach. It emphasizes keeping products 
and materials in use, recovering value from 
waste streams, and reducing the need to 
rely exclusively on newly extracted 
resources. 

This approach can involve several 
strategies: 

●​ Extending product life through 
maintenance, repair, and reuse. 

●​ Recovering components for 
refurbishment or secondary use. 

●​ Recycling materials into feedstock 
for new manufacturing processes. 

●​ Converting suitable residual 
materials into useful industrial 
inputs. 

●​ Improving production processes to 
reduce avoidable waste. 

Not every material can be reused 
indefinitely, and not every waste stream can 
be recovered economically. Material 
composition, contamination, processing 
requirements, and available end markets all 
influence what is practical. 

Nevertheless, industrial recycling provides 
an important mechanism for returning 
suitable materials to productive use. 

The role of processing infrastructure 

 

Collection is only the beginning of recycling. 
Once materials reach a processing facility, 
they must be prepared for whatever 
recovery pathway follows. 

Depending on the material, this may involve 
sorting, shredding, grinding, screening, 
separation, or other operations. Each step 
helps establish the physical characteristics 
needed for subsequent handling or 
recovery. 

When materials arrive in large, irregular, 
mixed, or otherwise difficult-to-process 
forms, size reduction can be a critical part of 
preparing them for the next stage. 

2. WHY INDUSTRIAL SIZE REDUCTION 
MATTERS 

Industrial size reduction uses mechanical 
force to reduce materials into smaller 
particles or pieces. The process may 
involve impact, cutting, shearing, or a 
combination of mechanisms, depending on 
the equipment and application. 

In recycling operations, the objective is not 
simply to make material smaller. It is to 
achieve a useful output that supports the 
next step in the recovery process. 

IMPROVING MATERIAL HANDLING 

Large or bulky materials can be difficult to 
convey, store, meter, and process 
consistently. Reducing their size can make 
them more manageable within an industrial 
facility. 

The benefits depend on the material and the 
process design, but a suitable size 
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reduction stage may help establish a more 
consistent feed for downstream equipment. 

 

PREPARING MATERIALS FOR 
SEPARATION 

Many recycling processes depend on 
separating different materials from a mixed 
feedstock. 

Size reduction can help expose 
components, liberate certain materials from 
larger assemblies, or prepare feedstock for 
subsequent separation technologies. The 
desired degree of liberation and the 
capabilities of downstream equipment must 
be considered when selecting a processing 
approach. 

ESTABLISHING THE REQUIRED 
PARTICLE SIZE 

The target output varies considerably 
across recycling applications. 

Some processes require coarse material for 
handling or further shredding. Others 
require a finer, more controlled particle size 
to support separation, reuse, or 
manufacturing. 

The appropriate particle size should be 
established by working backward from the 
intended end use. Grinding material more 
finely than necessary can add processing 
demands without necessarily improving 
recovery. 

SUPPORTING PROCESS INTEGRATION 

Size reduction is one component of a 
broader material processing system. 

Feeding, conveying, screening, separation, 
and collection all influence overall 
performance. 

 

An effective system accounts for these 
connected stages rather than evaluating the 
mill or shredder in isolation. 

3. INDUSTRIAL RECYCLING 
APPLICATIONS 

The role of size reduction varies by material 
stream. Three areas illustrate how industrial 
processing can help prepare discarded 
materials for recovery. 

ELECTRONIC SCRAP AND DATA 
DESTRUCTION 

Electronic waste contains a mixture of 
materials, including metals, plastics, circuit 
boards, and other components. The 
composition varies by device and product 
category, making electronic scrap a 
particularly complex recycling stream. 

Processing systems must account for both 
the physical characteristics of the incoming 
material and the intended recovery 
objectives. 

Size reduction can help prepare electronic 
scrap for downstream separation and 
material recovery. In appropriate system 
configurations, multiple stages may be used 
to process bulky components and achieve a 
more controlled final output. 

Data-bearing devices introduce an 
additional consideration: information 
security. 
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Hard drives and other storage media may 
require a dedicated destruction process to 
meet an organization's data security 
requirements. The necessary destruction 
standard depends on the media type, 
applicable policies, and required verification 
procedures. 

For these applications, equipment selection 
should consider both the physical 
processing requirements and the intended 
destruction outcome. A smaller particle size 
alone should not be treated as proof of 
compliance with a particular data 
sanitization or destruction standard. 

Key consideration: Define the required 
material recovery objectives and any 
applicable data destruction requirements 
before specifying the equipment. 

WOOD WASTE AND BIOMASS 

Wood-processing operations generate a 
variety of residual materials, including 
offcuts, sawdust, bark, scrap lumber, and 
other byproducts. Depending on their 
condition and composition, these materials 
may be suitable for recycling, reuse, 
biomass fuel preparation, or other 
applications. 

Size reduction helps prepare wood 
materials for their intended next use. Some 
applications require relatively coarse 
particles, while others call for a finer grind to 
meet downstream processing requirements. 

Wood waste processing must account for 
differences in feedstock. Clean lumber, 
bark, pallets, and mixed wood residues can 
behave differently during grinding. Moisture 
content, contamination, incoming particle 

size, and the desired final specification can 
all affect equipment selection. 

For biomass and wood pellet production, 
particle size is one element of feedstock 
preparation. Moisture management, 
material composition, and the requirements 
of the pelletizing process also influence the 
final result. 

 

Key consideration: Select the grinding 
configuration based on the intended end 
use, the incoming wood material, and the 
particle-size requirements of the 
downstream process. 

INDUSTRIAL WASTE AND 
MANUFACTURING BYPRODUCTS 

Manufacturing operations generate many 
forms of residual material, from production 
scrap to off-specification products and 
process byproducts. Some can be returned 
to the production process, while others may 
be suitable for secondary markets or 
specialized recovery operations. 

The first challenge is determining what the 
waste stream contains and whether its 
materials can be recovered safely and 
economically. 

Size reduction may be used to prepare 
suitable materials for additional processing, 
reduce the size of bulky items, or establish 
a more manageable feed for downstream 
equipment. 

However, industrial waste streams can vary 
significantly. Material hardness, 
abrasiveness, moisture, contamination, and 
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the presence of mixed components all affect 
the processing strategy. 

Where multiple materials are present, 
testing and process evaluation can help 
establish whether a particular size reduction 
approach will produce a useful output. 

Key consideration: Characterize the waste 
stream and identify a realistic recovery 
pathway before determining the required 
processing equipment. 

 

4. SELECTING THE RIGHT SIZE 
REDUCTION PROCESS 

Successful material recovery starts with a 
clear understanding of the material and the 
desired outcome. Equipment selection 
should follow from these requirements 
rather than from a general preference for a 
particular mill or shredder. 

Step 1: Characterize the incoming 
material 

Begin by identifying the composition, 
physical dimensions, hardness, moisture 
content, abrasiveness, and variability of the 
feedstock. 

Determine whether the material is uniform 
or mixed, and identify any contaminants or 
handling considerations that could affect 
processing. 

For difficult or variable materials, 
representative sample testing can help 
establish how the feedstock behaves under 
different operating conditions. 

Step 2: Define the required output 

Establish the target particle size, acceptable 
particle-size distribution, and any 
requirements for material liberation or 
separation. 

The final specification should reflect the 
needs of the next processing stage or the 
intended end use. 

For example, material prepared for biomass 
fuel may have different requirements from 
electronic scrap intended for metal recovery. 
The same equipment configuration should 
not be assumed to deliver equally suitable 
results for both. 

 

Step 3: Establish throughput 
requirements 

Determine the amount of material that must 
be processed over a defined period and 
under what operating conditions. 

Required throughput should be evaluated 
alongside the target particle size and 
characteristics of the incoming feed. A 
capacity estimate without these details may 
not accurately represent real operating 
performance. 

Consider expected feed variability, 
operating schedules, and whether the 
system must accommodate changes in 
material type or production demand. 

Step 4: Determine the appropriate 
processing stages 

Some applications can achieve the required 
output in a single size reduction stage. 
Others benefit from a combination of 
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shredding and grinding, with each stage 
performing a specific function. 

A multistage process may be appropriate 
when incoming material is bulky or when the 
final specification requires a substantial 
reduction in size. 

The decision should account for the 
complete process, including any screening, 
separation, or recirculation steps required to 
achieve the desired output. 

Step 5: Evaluate the complete system 

The mill or shredder is only one part of the 
operation. Feeding equipment, conveyors, 
screening systems, dust collection, material 
storage, and downstream processing can all 
affect system performance. 

A properly integrated system helps ensure 
that the equipment operates within the 
requirements of the larger process. 

Maintenance access, wear component 
requirements, available floor space, and 
existing plant infrastructure should also be 
considered during planning. 

5. BALANCING RECOVERY OBJECTIVES 
AND OPERATING REQUIREMENTS 

Material recovery projects must balance 
technical feasibility with operational and 
economic realities. 

A process that produces the desired particle 
size may still be unsuitable if it requires 
excessive handling, creates an impractical 
material stream, or fails to meet 
downstream specifications. 

Several considerations deserve particular 
attention. 

Particle size versus throughput. Finer 
grinding can require additional energy or 
processing time. The appropriate target is 
the particle size needed for the intended 
application, not necessarily the finest output 
achievable. 

Material liberation versus 
overprocessing. Some applications require 
sufficient size reduction to expose or 
separate valuable components. Excessive 
reduction may create additional fines or 
complicate downstream handling. The ideal 
balance depends on the material and 
separation technology. 

 

Feed variability versus consistent 
output. Incoming materials often vary in 
size, moisture, composition, or condition. 
Equipment and process settings should 
account for realistic variations rather than 
relying solely on ideal feed conditions. 

Equipment performance versus system 
performance. A mill can meet its individual 
specifications and still be limited by 
inadequate feeding, conveying, or 
downstream processing capacity. The 
complete material flow should be evaluated. 

Recovery potential versus practical end 
markets. Processing creates an opportunity 
for recovery, but the resulting material must 
still meet the specifications and commercial 
requirements of its intended destination. 

These trade-offs reinforce the importance of 
defining the recovery objective before 
selecting the equipment. 
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6. THE IMPORTANCE OF 
APPLICATION-SPECIFIC ENGINEERING 

There is no universal size reduction solution 
for industrial recycling. Different materials 
demand different approaches, and 
equipment selection should reflect the 
realities of each application. 

Application-specific engineering begins with 
questions about the material, the target 
output, and the process in which the 
equipment will operate. 

What is the incoming material? How much 
must be processed? What particle size is 
required? Does the material need to be 
prepared for separation, reuse, or another 
manufacturing process? What constraints 
exist around space, maintenance, and 
material handling? 

 

Answering these questions provides a 
foundation for evaluating suitable equipment 
configurations. 

Where practical, material testing can help 
validate assumptions and inform equipment 
selection. Testing may reveal differences in 
achievable particle size, throughput, or 
processing behavior that are not apparent 
from a material description alone. 

It is also important to evaluate the 
equipment's role within the complete 
system. The best solution is one that meets 
the application's requirements while 
supporting the performance of the overall 
process. 

7. MOVING TOWARD MORE EFFECTIVE 
MATERIAL RECOVERY 

A circular economy depends on the ability to 
keep suitable materials in productive use. 
Industrial recycling, in turn, depends on 
practical processes that transform collected 
materials into outputs that can be 
recovered, reused, or further processed. 

Size reduction supports this effort by 
helping prepare materials for handling, 
separation, and downstream manufacturing. 
Its contribution is especially important when 
materials arrive in bulky, irregular, or 
otherwise difficult-to-process forms. 

But successful recovery requires more than 
a machine that makes material smaller. It 
requires an understanding of the feedstock, 
a defined output specification, an 
appropriate processing strategy, and 
equipment that integrates with the rest of 
the operation. 

 

For manufacturers and recyclers evaluating 
new recovery opportunities, starting with 
these fundamentals can help identify a 
practical path from waste stream to usable 
resource. 

CONCLUSION: ENGINEERING THE NEXT 
STEP IN MATERIAL RECOVERY 

The circular economy presents an important 
opportunity to rethink how industrial 
materials are managed at the end of a 
product's useful life and throughout 
manufacturing operations. 

Industrial size reduction is one of the tools 
that makes material recovery possible. 
When properly matched to the application, 
shredding and grinding equipment can help 
prepare challenging materials for 

7 
 



​

RECYCLING FOR A CIRCULAR ECONOMY 
THE ROLE OF INDUSTRIAL SIZE REDUCTION IN MATERIAL RECOVERY AND RESOURCE REUSE 

 

subsequent separation, reuse, and 
recycling. 

Schutte Hammermill has a long history of 
designing size reduction equipment for 
industrial applications, including wood 
processing, electronic scrap, and other 
recycling operations. Our approach begins 
with the material and the requirements of 
the process, helping customers evaluate 
equipment configurations suited to their 
specific objectives. 

HAVE A MATERIAL RECOVERY 
CHALLENGE? 

Contact Schutte Hammermill to discuss 
your feedstock, target particle size, 
throughput requirements, and downstream 
processing goals. 

Visit hammermills.com to learn more about 
industrial size reduction and recycling 
applications. 
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