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ABSTRACT 
 
The paper analyzes the feasibility of recycling used concrete and construction debris as a raw 
material for manufacturing portland cement. This study focuses on the chemical and 
mineralogical composition of concretes in various geographical areas and the availability of used 
concrete for recycling. 
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Used Concrete/Construction Debris in 
Portland Cement Manufacturing 

 
by Alex Mishulovich * 

 
INTRODUCTION 
 
As the use of portland cement in various applications increases due to cement industry promotion 
efforts, it is anticipated that a similar increase in the amount of used concrete and construction 
debris will occur. These used materials may create a disposal problem for the construction 
industry. On the other hand, cement manufacturing using virgin raw materials also has an 
environmental impact. Therefore, recycling of concrete becomes more important to reduce the 
use of resources and to minimize landfilling. The utilization of used concrete in the manufacture 
of portland cement could offer at least a partial solution to both problems. 

It may be expected that hydrated portland cement (cement matrix) can be reburned in a 
rotary kiln and produce clinker. Since it contains virtually no carbonates, it would require less 
energy and emit less carbon dioxide (CO2) than a conventional raw mix. However, the matrix 
comprises only 12% to 17% by mass of concrete with the balance being coarse and fine 
aggregates. These may have a wide range of chemical compositions depending on the aggregate 
type. Because of the highly heterogeneous composition, some consideration should be given to 
processing of the used concrete prior to its use in cement production. 

Other factors impacting the utilization of used concrete are the logistics of existing 
practices of concrete removal, storage, and disposal. It remains to be seen how these activities 
can be coordinated with the demand and the economics of the cement industry. Therefore, the 
geographic distribution of potential supply and demand is one of the issues that has to be 
addressed in order to outline the possibilities of concrete reuse in cement manufacturing. 

The objective of this project was to determine if used concrete/construction debris could 
be utilized in the manufacture of portland cement. This objective was accomplished within the 
following scope of work: 
 

Task 1.0 Complete literature search of past studies on this topic. 
Task 2.0 Collect available data on used concrete/construction debris including estimating 

the amount of waste, its constituents and characteristics at different geographic 
locations, etc. 

Task 3.0 Complete desk-top analysis of the range of typical constituents that may be 
found in used concrete, compare them to the requirements of cement 
manufacturing, and develop a set of hypothetical mix designs/virgin raw 
material substitutions. Also, develop recommendations for additional research. 

Task 4.0 Complete a summary report detailing the findings of this research. 
 

                                                 
* Principal Process Engineer, Construction Technology Laboratories, Inc., 5400 Old Orchard Road, Skokie, IL 
60077 USA (847) 965-7500, www.CTLGroup.com. 
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LITERATURE REVIEW 
 
The problem of industrial solid waste disposal, construction debris in particular, is presently 
attracting much attention. Waste concrete is recognized as potentially increasing in quantity and 
being difficult to reuse or recycle. Therefore, progress in concrete technology should necessarily 
take into account the future management of debris from the demolition of buildings, roadways, 
and similar structures. The available publications on this subject indicate tangible progress in this 
area. However, the volume of these publications proved relatively scarce, and therefore, it is 
difficult to determine whether or not any technical problems have been encountered.  

Recycling of concrete, as well as other construction wastes, is expanding in the United 
States as well as in Canada. The prevailing approach is “downcycling,” when crushed concrete is 
used in low-value applications. In the United States, recycled-concrete aggregates have been 
used primarily as fill or subbase materials or, less often, as aggregates in new concrete 
pavements (McGovern, 2002). The latter use has been known at least as early as the 1970’s 
(Buck, 1977). There are no longer any regulatory or legal barriers to the use of recycled concrete 
as concrete aggregate. ASTM includes crushed hydraulic-cement concrete in its definition of 
concrete aggregates (ASTM, 1997). The Federal Highway Administration and the U.S. Army 
Corps of Engineers have encouraged the use of recycled concrete in their projects.  

Collection and sorting of construction debris is becoming a standard practice required by 
many states and municipalities. For example, authorities in Hawaii issued the publication, A 
Contractor’s Waste Management Guide, which requires the use of recycled concrete and 
establishes policies and practices for managing waste materials (Hawaii, 2002). 

In Europe, Canada, and Japan, concrete recycling is regulated and often mandated. In 
particular, Germany promulgated the national standard (DIN 4226-1000 Aggregates for Concrete 
and Mortar, 2002) setting the guidelines for recycled concrete content in concrete aggregate. 
German researchers demonstrated that recycled aggregate does not affect most performance 
characteristics of concrete, although it tends to increase drying shrinkage and creep, and reduce 
modulus of elasticity (Kerkhoff and Siebel, 2001). 

In Canada, the C-2000 Green Building Standards aim at making recyclable up to 75% of 
the existing structure and shell. However, this program does not require any processing of 
concrete other than separation from other demolition debris (Taschereau, 2001). In Japan, the 
draft standard for use of recycled concrete was published in 1977 (Building Contractors Society, 
1977). 

A more fundamental possibility would be the maximum possible utilization of concrete in 
cement and concrete manufacturing. It may require separation of concrete into its ingredients that 
then can be recycled separately.  

Feasibility of retrieving cement from concrete matrix was studied under laboratory 
conditions by German investigators (Splittberger and Mueller, 2002). The authors concentrated 
on the experimental proof of reversibility of cement hydration. Actual concrete samples were not 
tested in this study to eliminate potential effects of aggregates. The authors studied the 
decomposition of thermally treated pastes and their rehydration behavior. The experiments were 
carried out with an ordinary portland cement and blast furnace slag cement. Paste specimens 
were produced from the cements with a water-cement ratio (w/c) = 0.4 and placed in water for 
180 days. Then they were dried, crushed, and ground. The powdered materials were fired at 
600°C, 1100°C, 1200°C, and 1400°C in an electric furnace.  



 

 5

As expected, the loss of ignition decreased with increasing burning temperature. In 
contrast to this, the free lime content showed a maximum at medium temperatures. The samples 
treated at 600°C, 1100°C, and 1200°C have very high contents of free lime. Only when the 
specimen was fired at 1400°C did the free lime content drop below the limit of 2%. The strength 
of the 1400°C-treated sample exceeded the one in the control sample of the same curing age. 

In Japan, a similar approach has been further developed as part of the development of an 
industry standard practice. The regulations require the maximum recycling of useful resources, 
including used concrete. Therefore, structural concrete is classified according to its recyclability. 
This classification includes separate classes for concretes that can be recycled without or with a 
minimum improvement. According to this concept, concrete can be designed beforehand so that 
its debris would be used as concrete materials after demolition. “Completely Recyclable 
Concrete” (CRC) is defined as concrete whose binders, additives, and aggregates are all made of 
cement or materials of cement, and all of these materials can be used as raw materials of cement 
or recyclable aggregates. When conventional concrete is replaced with CRC, the problems of 
concrete waste generation and CO2 emission are significantly reduced. Meanwhile, limestone 
resources are permanently accumulated and stored in the form of structures. The authors tested 
the recycling of experimental CRC made with ordinary portland cement, crushed limestone, and 
artificial limestone sand. The material was subjected to calcination in an electric furnace, 
gypsum addition, and crushing. The recycled product had the same qualities as the commercially 
available products (Tamura and others, 2001). 

Summarizing the possibilities of recycling, it can be seen that there is in existence a 
nascent system of collecting and sorting construction wastes that can become a basis for 
supplying the cement industry with concrete debris. Concrete recycling as a growing market 
segment is becoming more technically sophisticated and generates demand for state-of-the art 
equipment. For example, HAZEMAG GmbH, a major German supplier of crushing equipment 
for the cement industry, is presently building a rubble recycling plant in Holland claimed to be 
the world’s largest (Anon., 2002).  

Two possible paths can be envisioned for recycling concrete debris in the cement 
industry. The first is using heat treatment of concrete or mortar to recover at least one component 
of a new binding material. However, such process involves certain capital and operational costs. 
It is unclear how economically competitive such treatment would be compared with landfilling 
or “downcycling.” 

The more practical way is a recycling process that allows reuse of concrete materials 
without a complete separation of the cement paste and the aggregates. However, we were unable 
to find any mention of actual use of concrete wastes in cement manufacturing. A comprehensive 
review of the waste materials in the Japanese practice prior to 2001 does not even mention 
concrete as a viable alternative raw material (Uchikawa and Hanehara, 1999) Elsewhere in this 
report we will discuss the potential barriers for such recycling. 
 
RESOURCE SURVEY 
 
As was indicated in the previous section, available literature and other public sources do not 
provide sufficient and specific information on the quantities of concrete debris generated 
nationwide. Even more difficult is to evaluate quantitatively the diversity of aggregates used in 
the concrete industry. Therefore, we had to apply indirect data to develop any relevant estimates. 
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According to the U.S. Geological Survey, in 2001 over 700 million metric tons of 
crushed stone was used in construction, about 70% of which was limestone and dolomite. A 
rough estimate would be that more than half of this amount is used as concrete aggregate (USGS, 
2002). This estimate is in agreement with the numbers of total nationwide cement consumption. 
However, the geographic distribution of different aggregates is not reported in the available 
sources. It may be expected that some geographic areas are more likely to use limestone in 
concretes. 

In general, any rock meeting the physical requirements can be used as aggregate. The 
chemical composition usually is not an issue unless it may cause alkali reactivity problems. 
However, the chemical nature of the aggregates is the determining factor of concrete’s suitability 
for reuse and recycling. It may be assumed safely that concretes with predominantly siliceous 
aggregates are useless for cement manufacturing without additional processing because very 
little silica is needed for the production of cement compounds. Concrete with calcareous 
aggregates may present a greater possibility for recycling when their chemical parameters, such 
as lime, silica, and magnesia content, fit the mix design using conventional raw materials. 

The following approach was applied to evaluate what kinds of aggregates are typically 
used in concretes at different locations. The reports on over 1,000 individual concrete cores 
representing 50 states and provinces examined by the Construction Technology Laboratories, 
Inc. (CTL) petrographic group were surveyed for aggregate type. Based on these reports, the 
concretes were characterized by the nature of the aggregates: calcareous (C), siliceous (S), and 
mixed (M). Table 1 lists the state-by-state results of the survey, and it shows the total number of 
samples from each state and breakdown of the total by the type of aggregates. Any number of 
cores submitted from the same location within the same project is included in the table as one 
representative sample of the given concrete. 

In general, all three types of coarse aggregates appear with roughly the same frequency. 
Fine calcareous aggregates are very rare whereas siliceous and mixed types are represented more 
or less evenly.  

To evaluate the geographic distribution of various types of aggregates, we considered 
only 27 states represented by more than 3 samples each. Out of these, 12 states had 
predominantly calcareous coarse and mixed fine aggregates. As we stated above, such 
combination provides concretes with the chemical composition most suitable for recycling. 
These state are: Florida, Illinois, Indiana, Iowa, Kansas, Kentucky, Michigan, Missouri, New 
York, Ohio, Tennessee, and Texas. 

There are no published data regarding the amount of concrete debris available for 
disposal or recycling. For estimation purposes, we assumed that this amount is directly 
connected with the general construction activity in the state. To evaluate the latter, we used the 
state-by-state cement consumption data published by the Portland Cement Association (PCA). 
Another indicator of the potential of each of these states for concrete recycling is the production 
capacity of the cement plants. These data also are readily available from PCA publications. 
Table 2 lists information on potential concrete recycling in the states with the most calcareous 
aggregate usage. The 12 states listed in Table 2 produce almost half of the total U.S. clinker and 
over 40% of concrete (assuming that most cement is used in concrete construction). 

 



 

 7

Table 1. Aggregates in Concrete Samples 
 

Coarse Fine 
State Number of 

samples C S M C S M 

Illinois 33 19 1 13  5 28 

California 20  13 7  16 4 

Florida 19 13 3 3  8 11 

New York 17 8 7 5  8 9 

Indiana 16 7 2 7  1 15 

Ohio 15 10  5 1 2 12 

Washington 15  8 7  7 8 

Missouri 13 6 4 3  7 6 

Michigan 11 5 1 5  3 8 

Virginia 11 3 7 1  7 4 

Wisconsin 11 2  9  1 10 

Nevada 10  6 4  7 3 

Tennessee 10 7 1 2 1 7 2 

Kansas 9 5 1 3  6 3 

Iowa 8 8    6 2 

Louisiana 8  8   8  

Pennsylvania 8 2 2 4  3 5 

Utah 7  6 1  3 4 

Kentucky 6 5  1   6 

Massachusetts 6  6   6  

Minnesota 6 1 4 1  4 2 

North Carolina 6 3 3   6  

Arizona 5  1 4  1 4 

Montana 5   5   5 

Texas 5 3 3   2 3 

Alabama 4 3 1   3 1 

South Carolina 4  4   4  

Subtotal 288 110 92 90 2 131 155 
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Table 1. Aggregates in Concrete Samples (continued) 
 

Coarse Fine 
State Number of 

samples C S M C S M 

Arkansas 3 2 1   3  

Colorado 3  2 1  3  

Connecticut 3  1 2  2 1 

Georgia 3  2 1  3  

Maryland 3  1 2  1 2 

New Jersey 3 2  1  3  

Alaska 2  2   2  

Hawaii 2   2  2  

Nebraska 2 1 1   1 1 

North Dakota 2  1 1  1 1 

Oklahoma 2 2    2  

Ontario 2 1 1   1 1 

British Columbia 1  1   1  

Idaho 1   1   1 

Maine 1   1   1 

Manitoba 1   1   1 

Mississippi 1  1   1  

New Hampshire 1  1   1  

New Mexico 1  1    1 

Oregon 1   1  1  

Rhode Island 1  1   1  

West Virginia 1 1     1 

Wyoming 1   1   1 

Total 329 119 109 105 2 160 167 
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Table 2. Cement Consumption vs. Production Capacity 
 

State Cement consumption*, 
metric ton 

Clinker capacity**, 
metric ton 

Texas 11,545,000 9,221,000 

Florida 7,695,000 4,653,000 

Ohio 3,907,000 1,131,000 

Illinois 3,835,000 2,731,000 

Michigan 3,489,000 4,365,000 

New York 3,185,000 2,854,000 

Missouri 2,562,000 4,643,000 

Indiana 2,208,000 3,181,000 

Tennessee 2,097,000 1,093,000 

Iowa 1,710,000 3,061,000 

Kansas 1,490,000 1,785,000 

Kentucky 1,322,000 1,468,000 

Total 45,045,000 40,186,000 

% of U.S total 43 48 
* PCA, 2002 ** PCA, 2001 

 
The geographic distribution of these states is shown on the map, Figure 1. These states 

form a wide band from the eastern Great Lakes to Texas. This coincides with the known area of 
relatively abundant deposits of calcareous rocks. Since the cement plants are built near the 
limestone deposits, the states with the most cement plants as shown on Figure 2 are more likely 
to use limestone in concrete. 
 

 
Figure 1. Twelve states with predominantly calcareous aggregates usage. 



 

 10

 

 
Figure 2. Location of cement plants in the United States (PCA, 2001) 
 
CONCRETE COMPOSITIONS 
 
Feasibility of utilizing used concrete as a cement raw material depends on its chemical 
composition. Hydrated portland cement (cement matrix) contains virtually no carbonates, and it 
would require less energy and emit less CO2 than a conventional raw mix when reburned in a 
rotary kiln. However, the matrix comprises only 12% to 17% by mass of concrete with the 
balance being coarse and fine aggregates, which have a wide range of chemical compositions. It 
is probable that limestone as coarse aggregate or artificial sand would fit into the cement raw mix 
design. Siliceous aggregates can severely limit the use of debris. Contaminants, such as 
chlorides, may also present additional problems. 

Table 3 shows the chemical composition of typical concretes based on the samples 
analyzed at CTL. 

Apparently, Concretes 1 and 2 contained siliceous aggregates and approximately 12% of 
cement. The latter was the only source of calcium in the concrete mix. In Concretes 3 and 4, the 
amount of calcium oxide and loss on ignition (LOI) could not be attributed to cement only. Most 
likely they were made with mixed aggregates, for example, calcareous crushed stone and silica 
sand. Finally, Concrete 5 has lime and silica in the proportion close to that in clinker. However, 
the high MgO content suggests the use of dolomite as coarse aggregate, making it unsuitable for 
cement raw mixes. 
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Table 3. Chemical Composition of Concrete 
 
 Concrete 1 Concrete 2 Concrete 3 Concrete 4 Concrete 5* 

SiO2 83.78 67.00 39.45 42.04 20.04 

Al2O3 2.14 11.36 2.01 1.74 1.61 

Fe2O3 2.98 4.26 1.05 1.01 1.12 

CaO 7.37 7.76 22.69 19.69 53.25 

MgO 0.19 1.91 9.90 9.72 22.08 

SO3 0.49 0.28 0.64 0.46 1.11 

Na2O 0.03 2.03 0.20 0.13 0.08 

K2O 0.09 1.51 0.33 0.21 0.41 

TiO2 0.21 0.37 0.26 0.19 0.08 

P2O5 0.08 0.09 0.04 0.02 0.07 

Mn2O3 0.05 0.09 0.04 0.04 0.04 

SrO 0.07 0.01 0.04 0.03 0.05 

LOI 3.66 3.89 23.91 25.66 0.00 
*ignited basis 
 

The table shows that most concretes fit into one of two categories:  
• Suitable for use as a raw mix ingredient without additional processing, or 
• Suitable for recycling after separating cement matrix from aggregates. 
Indeed, Concretes 3 and 4 carried sufficient amounts of lime to replace a portion of 

limestone in the mix. Concretes 1 and 2 can be subjected to some kind of physical or thermal 
treatment to separate the calcareous matrix (about 15% of the total mass). Otherwise, it can be 
used as part of the siliceous component. 
 
SAMPLE MIX DESIGNS 
 

To illustrate the potential of using concrete debris as a cement raw material, we designed 
three raw mixes:  

1. Conventional (baseline) three component mix,  
2. Four-component mix with the addition of “typical” concrete (Concrete 4, Table 3), 

and  
3. Four-component mix with added hypothetical “ideal” concrete with the highest CaO 

content.  
The third composition, for “ideal” concrete, was calculated based on the following assumptions: 
6-bag concrete mix, no mineral admixtures, limestone as coarse aggregate, and 50/50 mix of 
limestone and silica sand as fine aggregate. The compositions of the materials are given in Table 
4. The mixes were designed to produce clinker with 55% alite and 22% to 24% belite. 
Calculations showed that these criteria can be met with the appropriate mix proportions (Table 
5). Finally, the calculated clinker compositions are given in Table 6. 
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Table 4. Composition of Materials in Mix Designs 
 

Component SiO2 Al2O3 Fe2O3 CaO MgO SO3 LOI 

Limestone 1.73 0.57 0.35 53.69 0.61 0.00 42.83 

Clay 63.03 17.48 7.80 1.36 0.87 0.00 6.27 

Iron ore 54.50 2.01 35.00 2.05 0.70 0.00 0.00 

“Typical” concrete 39.45 2.01 1.05 22.69 9.9 0.64 23.91 

“Ideal” concrete 18.79 1.70 0.96 47.72 1.00 0.64 29.90 

 
Table 5. Mix Proportions 
 

Component Three component mix Four component mix with 
“typical” concrete 

Four component mix with 
“ideal” concrete 

Limestone 79.17 73.84 63.06 
Clay 19.36 13.30 15.43 
Ore 1.47 1.65 1.17 
“Typical” concrete  11.22  
“Ideal” concrete   20.35 
Total 100.00 100.00 100.00 
 
Table 6. Clinker Compositions 
 
Concrete mix design SiO2 Al2O3 Fe2O3 CaO MgO SO3 

Three component mix 22.16 5.96 3.55 65.97 1.02 0.07 
Four component mix 
with “typical” concrete 23.10 4.63 3.07 65.37 2.60 0.11 

Four component mix 
with “Ideal” concrete 23.16 5.20 3.08 66.42 1.11 0.20 

 
Calculations show that even used concrete with the highest CaO content (“ideal” 

concrete) can replace approximately equal portions of limestone and clay component (about 1/5). 
The reason is that this concrete chemically corresponds to a low-grade cement rock requiring 
high-grade limestone (“sweetener”) to balance the excessive amount of silica. “Typical” concrete 
has even lower CaO content and effectively works as a clay substitute. This limits its potential 
proportion in the cement raw mixes. 
 
DISCUSSION 
 
The publications reviewed for this study indicate that collection of construction debris and 
separation of concrete for possible recycling is a growing trend in waste management. Therefore, 
a nucleus of the infrastructure exists to supply used concrete to the cement plants if this is found 
to be technically or economically advantageous. 
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On the other hand, the potential demand for used concrete as cement raw material 
depends largely on the material and chemical composition of the debris as well as on their steady 
supply and reliable logistics. If concrete is made with mainly calcareous aggregates, cement 
plant operators may be sufficiently motivated to use substantial amounts of debris. The 
prospective area covers over 40% of the U.S. cement production and consumption. The 
advantage of this system is the relatively high percentage of the used concrete that can be 
accommodated by raw mixes without preprocessing. However, the requirements of the mix 
chemical composition may limit this application. It can be seen from the mix calculations that 
concrete cannot replace limestone to a significant degree. The recycled concrete is a more 
appropriate substitute for argillaceous materials. Because traditional argillaceous materials, such 
as clay, tend to be softer than concrete, materials handling and milling at cement plants may 
require modifications. 

Concretes with other than calcareous aggregates still can be utilized, although in a less 
straightforward way. They would require mechanical and thermal processing to separate and 
dehydrate cement matrix from the body of concrete rubble. The products of such treatment could 
be used separately in cement manufacturing and in ready-mix concretes. In addition to the 
regular monitoring of the chemical compositions, special quality-control procedures would be 
required to ascertain the absence of deleterious impurities and adequate resistance to degradation 
of the concrete-based aggregates. This technology would require not only additional capital and 
operating expenditures, but also cooperation between various industries. 
 
CONCLUSIONS 
 

1. Waste concrete from demolished structures, roadways, and similar sources is 
increasing in quantity and presents challenges for its reuse or recycling. Therefore, 
the future management of concrete debris should be investigated. 

2. Systems of collecting and sorting construction wastes are now evolving in 
industrialized countries. Those systems can become a basis for supplying the cement 
industry with concrete debris. 

3. Two possible paths are envisioned for recycling concrete debris in the cement 
industry, one using heat treatment to recover at least the cementitious component, and 
another using the entire mass of concrete as a raw mix ingredient.  

4. There are 12 states in the United States using mostly calcareous aggregates. They 
produce and consume over 40% of the U.S. cement. 

5. Calculations show that even used concrete with the highest available CaO content 
chemically corresponds to a low-grade cement rock requiring high-grade limestone to 
balance the excessive amount of silica. This limits its potential proportion in the 
cement raw mixes. 

6. Concretes with other than calcareous aggregates still can be utilized, but such 
utilization would require mechanical and thermal processing to separate and 
dehydrate cement matrix from the body of concrete rubble. 
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