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Abstract
Autoclaved aerated concrete (AAC) is a building material with high thermal insulation 
properties used as masonry units in the construction of residential buildings. Although 
volumesof post-demolition AAC (pd-AAC) volumes are increasing, it is mainly landfilled 
today while landfill fees rise, legal framework conditions in Europe are tightening, and 
climate protection needs extensive efforts in the area of recycling. This study presents an 
economic assessment of pd-AAC recycling, consisting of mechanical processing (crush-
ing, grading, purifying) and subsequent belite cement clinker production from the fine 
pd-AAC fraction. The processes are modelled in detail to determine needed equipment, 
material flows, and energy demands for five different plant capacity scenarios. Calculated 
total costs of pd-AAC recycling, consisting of variable costs, fixed costs, overhead costs, 
and general expenses, vary significantly between the different scenarios. Today, mechani-
cal processing of pd-AAC has total costs between 30 €/t input (plant capacity: 250,000 
t/a) and around 209 €/t input (plant capacity: 10,000 t/a). The mechanical processing is 
economically viable compared to regionally varying pd-AAC landfilling costs of 65–180 
€/t for recycling plants with capacities of at least 25,000 t/a. Additional costs for sub-
sequent belite cement clinker production from pd-AAC sum up to 800 €/t input (plant 
capacity: 250,000 t/a), respectively 1250 €/t input (plant capacity: 10,000 t/a). Thus, the 
minimum sales price for the resulting belite cement clinker would need to be around 430 
€/t to compete with current landfilling costs.

Keywords  Post-demolition autoclaved aerated concrete (pd-AAC) · Recycling · 
Economic assessment · Industrial ecology · Circular economy
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Introduction

The building sector has a high and increasing resource consumption and causes vast green-
house gas (GHG) emissions during construction, operation, and end-of-life. Therefore, con-
siderable savings in the building sector have to be implemented to reach the UN sustainable 
development goals, particularly “sustainable cities”, “responsible consumption and produc-
tion”, and “climate action” [1]. Recycling construction and demolition waste (C&DW) is a 
promising approach for reducing GHG emissions and primary resource consumption. The 
savings potential is enormous as C&DW exceed 3 billion tons worldwide annually [2]. Fur-
thermore, legal requirements for recycling are getting stricter. For example, the European 
waste and recycling regulation [3] demands recycling rates of at least 70% for C&DW. But, 
until now, “the potential of the circular economy to support sustainable cities, regions, and 
countries still needs to be unlocked” [4].

Autoclaved aerated concrete (AAC) is produced from quartz sand, cement, quicklime, 
anhydrite/gypsum, aluminium powder/paste, and water [5, 6]. The aluminium powder/paste 
acts as an aerating agent that forms numerous pores in the AAC during production. The 
porous structure leads to a low density and excellent thermal insulation properties of AAC, 
which is the main reason for its high popularity. The current European AAC production 
exceeds 16 million m³ annually [7], while approximately 11.6 million m³ of AAC were 
produced in Russia in 2017 [8]. The global production capacity is expected to be around 
450 million m³ for non-reinforced AAC blocks [9]. Post-demolition AAC (pd-AAC) vol-
umes are currently increasing. In Germany, an annual pd-AAC volume of 1.4 million m³ in 
2022 and a sharp increase to more than 4 million m³ in 2050 is expected due to a significant 
increase in popularity in the 1960s and 1970s [10]. Therefore, its recycling has the potential 
to reduce disposal needs, save natural resources, and lower greenhouse gas emissions, thus 
addressing environmental and economic challenges.

Unfortunately, the usual recycling of mineral C&DW in road construction, earthworks, 
and aggregate in concrete production is impossible for pd-AAC due to the porous structure, 
relatively low compressive strength, and sulphate content. Besides, adherences and impuri-
ties impede recycling [11]. Thus, recycling of pd-AAC is not established yet, and the major-
ity of pd-AAC is backfilled or landfilled, even though landfill fees are expected to rise, and 
landfilling capacities are limited [12]. Additionally, reusing pd-AAC blocks is impractical 
due to the immense costs of an extremely careful demolition process [13] and the incom-
patibility of historical AAC blocks with up-to-date thermal protection requirements. Thus, 
pd-AAC represents a large and currently underutilised secondary resource.

Current research investigates new possibilities for pd-AAC recycling in the construc-
tion sector. Proposed options include the production of new AAC [5, 14–16], floor screed 
[17], light mortar [18], lightweight aggregate concrete [13, 18], and shuttering block made 
from concrete without fine fraction [13]. Moreover, pd-AAC powder can be used as a raw 
material in new AAC production to replace primary resources such as sand, cement, lime, 
and anhydrite [5]. Other studies examine the partial replacement of sand by pd-AAC in the 
AAC production with substitution rates of up to 50% [15, 16] or even up to 100% [14]. 
These studies show the closed-loop recycling options for pd-AAC obtained by the recycling 
process described and assessed in this paper. All recycling options need the pd-AAC to be 
crushed, purified and graded. However, they primarily use the pd-AAC granulate (grain 
size > 1 mm) to replace natural aggregates. Any mechanical treatment also generates a rela-
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tively large pd-AAC powder fraction (grain size 0–1 mm; up to 75 wt%) that is difficult to 
recycle. As pd-AAC volumes are expected to rise [10], recycling options for both fractions 
are needed.

Ordinary Portland Cement Clinker (OPC), the most widely used construction material, is 
produced from the raw materials that contain CaO, SiO2, Al2O3 and Fe2O3, with CaCO3 as 
a source of CaO required for phase formation. OPC clinker contains alite (Ca3SiO5), belite 
(Ca2SiO4), aluminate (Ca3Al2O6), and aluminoferrite (Ca2Al2Fe2O8) phases, with alite 
being the dominant phase [19]. On the other hand, belite cement clinkers are chracterised 
by dominant belite content. Its formation requires lower CaO, which consequently reduces 
the amount of CaCO3 needed.

Belite cement clinker can be synthesised at temperatures as low as 1000 °C when a CO2 
atmosphere is established [20]. Because of the moderate temperature, clinker formation can 
be achieved in an indirectly heated, electric rotary kiln under a CO2 atmosphere.

Pd-AAC powder can be used as a raw meal component, replacing primary raw materials 
like limestone, clays, for producing a recycled belite cement clinker (RC-BCC) in a low-
temperature process at 1000 °C [21]. RC-BCC can substitute parts of the ordinary Portland 
cement needed for new AAC blocks [22] or other applications. RC-BCC produced from pd-
AAC is not directly benchmarked against standard OPC. However, within the framework 
of Repost project, for AAC production, 25% of the OPC was successfully replaced with 
ground RC-BCC. Existing installations were used for production, and tests showed that the 
product quality remained the same. Further details can be found in [23, 24].

While multiple dimensions are relevant in assessing recycling technologies, economic 
feasibility is decisive for their real-world implementation. Cost competitiveness determines 
whether pd-AAC will be landfilled or recycled. Therefore, this study focuses on a detailed 
economic analysis. The framework presented here can be extended in future research to 
include life cycle or multi-criteria perspectives.

This study’s economic assessment of pd-AAC recycling focuses on the mechanical pro-
cessing (crushing, purifying, and grading) required for different recycling options and the 
RC-BCC production. Data for the latter is from lab and pilot plant tests. The current technol-
ogy readiness level of the RC-BCC production from demolition wastes is 4–5. Therefore, 
the exact technology and equipment required to set up a future production plant are not well 
established, resulting in inaccuracies in the cost assessment of RC-BCC production. Much 
literature performs (techno-) economic assessments for numerous processes and products. 
Assessments for recycling processes are also available in the literature, for example, con-
cerning the mechanical [25] and chemical [26] recycling of plastics, lightweight packaging 
[27], e-waste [28], solar photovoltaic panels [29], lithium-ion batteries [30], agricultural 
waste [31], and municipal solid waste in general [32]. This study addresses the economic 
assessment of pd-AAC recycling and subsequent RC-BCC production, which is not avail-
able in the literature yet.

Therefore, this study aims to assess the economic feasibility of pd-AAC recycling. Spe-
cifically, the study analyses (i) the costs of processing pd-AAC into secondary raw mate-
rial, (ii) the influence of key parameters such as landfill fees, energy costs, and interest 
rates, and (iii) the implications for decentralised versus centralised recycling approaches. To 
achieve this, a transparent bottom-up cost model was developed, complemented by a sen-
sitivity analysis to test the robustness of the results. A conventional economic analysis was 
deliberately chosen as it provides a transparent basis for assessing the viability of pd-AAC 
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recycling. More complex tools, such as optimisation models or complete techno-economic 
assessments, require detailed input data that is not yet available for this emerging field. 
Thus, the present approach is a benchmark model that can be adapted with regional data 
and further expanded in future research to include environmental and logistical optimisa-
tion. Hence, the research question to be answered in this study is: Under which circum-
stances can pd-AAC recycling and RC-BCC production from pd-AAC be economically 
beneficial? The following sections describe the methodology (Sect. "Result") and the results 
(Sect. "Result"). Then, the results are discussed, and limitations are presented (Sect. "Dis-
cussion"). Finally, a conclusion is drawn (Sect. "Conclusion").

Methods

This section describes how the economic assessment is conducted and which input data is 
used. First, the supply of pd-AAC is investigated, and the revenue that can be made from 
the final products is determined (Sect.  "Pd-AAC supply and revenue for the final prod-
uct"). Furthermore, the recycling process is described and illustrated in detail, including 
information on the mass flows. The mechanical processing is examined in Sect. "Mechani-
cal pd-AAC processing", while the RC-BCC production is described in Sect.  "RC-BCC 
production from pd-AAC powder". Additionally, the economic assessment methodology is 
disclosed (Sect. "Methodology of the economic assessment"), and scenarios are discussed 
(Sect. "Scenario definition").

Pd-AAC Supply and Revenue for the Final Product

In contrast to other countries and regions, detailed information on pd-AAC volumes is avail-
able for Germany [10]. Thus, the German case is investigated in this study. In 2022, around 
1.4 million m³ of pd-AAC can be expected [10]. This volume equals 0.7 million t of pd-
AAC, assuming a density of 0.5 t/m³ [10, 11, 33, 34]. Most popular modern AAC has a 
density of around 0.35 t/m³, but, historically, thermal insulation requirements were not as 
high as today, and AAC’s density used to be higher [35]. Most pd-AAC is landfilled today, 
demanding disposal costs, which is, thus, the comparative value for the recycling process 
costs. Pd-AAC landfill fees in Germany vary between 65 and 180 €/t [36]. Enquiries in 
online portals1 and an expert interview2 validate this variability, while the average disposal 
costs for landfilling pd-AAC are around 100 €/t.

The final products of the mechanical processing and purifying of pd-AAC are pd-
AAC powder and pd-AAC granulate. These two products can substitute different primary 
resources depending on their final application. The pd-AAC powder usually replaces sand 
and, in the case of closed-loop recycling, also partly cement, quicklime, and anhydrite, 
which are needed for AAC production [37]. The pd-AAC granulate can be used in several 
open-loop recycling options, serving as a lightweight aggregate substituting, for example, 
primary expanded clay [37]. Overall, pd-AAC powder/granulate as the final product of the 
mechanical processing is assumed to reach a sales price of 10 €/t. Actual market prices 

1  The portals abfallscout.de and clearago.de were used.
2  Xella Technologie- und Forschungsgesellschaft mbH, Dr. Oliver Kreft.
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for pd-AAC powder or granulate do not exist yet. Research on recycling sand/split/broken 
rocks showed sales prices between 5 €/t and 15 €/t [38]. Additionally, pd-AAC powder can 
be used in RC-BCC production. The costs of the RC-BCC production are compared with the 
average price of ordinary Portland cement prices of 150 €/t [39, 40], as a direct substitution 
is possible.

Mechanical pd-AAC Processing

The mechanical processing of pd-AAC consists of crushing, purifying, and grading steps 
[41, 42]. Krampnitz et al. [42] show that pd-AAC can be treated with established demoli-
tion waste processing machinery, especially regarding crushing. Figure 1(a) illustrates the 
detailed process considered adequate for pd-AAC mechanical processing in this study. First, 
the pd-AAC is crushed to grain sizes < 80 mm with a jaw crusher. The crushed pd-AAC 
is then purified using air separation to separate lightweight impurities like plastic foils, 
foamed materials, and paper. A second purifying step is near-infrared (NIR) sorting. This 
step can sort out heavy impurities like other minerals, glass, ceramics, wood, and screws. 
Afterwards, the purified pd-AAC is crushed a second time using an impact crusher to reach 
the desired grain size of < 10 mm. Finally, a vibrating screen separates the pd-AAC powder 
(< 1 mm) from the pd-AAC granulate (1–10 mm).

The relative mass flows in the pd-AAC recycling process are also given in Fig. 1(a). 
In total, 1% of the input mass is assumed to be an impurity that is sorted out [37]. The air 
separation is supposed to sort out 0.1%, while the NIR sorting is assumed to sort out 0.9% 
of the total input mass. The final impact crushing is considered to produce pd-AAC powder 

Fig. 1  Schematic representation of (a) the mechanical pd-AAC processing and (b) RC-BCC production 
from pd-AAC powder, including relative mass flows
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and granulate in a proportion of 3:1 [13, 37], leading to an overall output of the mechanical 
processing of 74.25% pd-AAC powder and 24.75% pd-AAC granulate. Electricity for the 
machines is the only energy needed for mechanical processing. Electricity demands were 
researched in machine specification sheets and are given in Sect. "Result" (Table 2). The 
electricity demand per ton is calculated from the maximal power input and, thus, should be 
considered as a conservative electricity cost assessment.

RC-BCC Production from pd-AAC Powder

The resulting purified pd-AAC powder (< 1 mm) from the mechanical processing is pro-
cessed in a multistage process to produce a RC-BCC. This process involves drying, milling, 
rotary kiln processing, and cooling, as illustrated in Fig. 1(b).

First, the pd-AAC powder is dried to reduce the moisture content. Pd-AAC samples 
considered in an experimental study by [21] have a moisture content ranging from approxi-
mately 9 to 15 wt%. All mass and energy balance calculations in this work are based on 9 
wt% moisture, according to [43]. The second step is milling pd-AAC to d80=100 μm size. 
Typically, the pd-AAC has an average molar ratio of CaO/SiO2 = 0.5, while the formation 
of belite requires a CaO/SiO2 molar ratio of 2. Therefore, calcium carbonate is added. Fur-
thermore, a mineraliser (CaCl2) of 2 wt% is added to improve the reaction kinetics. Then, 
the raw material is fed into an electrical rotary kiln heated to 1000 °C, in which calcination 
and clinkerisation reactions lead to the formation of belite clinker. The hot clinker is finally 
fed into a cooler and ground to a size of d80 = 50 μm.

Methodology of the Economic Assessment

The calculation of the total costs for pd-AAC recycling and RC-BCC production is based 
on the methodology of [44]. Total costs are made up of variable costs, fixed costs, overhead 
costs and general expenses. Variable costs comprise several components, including operat-
ing labour, electricity, and maintenance.

The fixed costs are determined by the fixed-capital investment for building a recycling 
plant, the required working capital, and land costs. The land costs are calculated from the 
assumed required area for the plant (1 ha in the baseline scenario, scaled with an exponent 
of 0.9 for the other scenarios) multiplied by the average costs per m² (Table 1). The fixed-
capital investment and the working capital are calculated using the “percentage of deliv-
ered-equipment cost” approach by [44]. The costs for the required equipment are the basis 
of this method. Further cost aspects, total fixed-capital investment, and working capital are 
estimated by multiplying percentages with equipment costs. Included cost aspects and their 
respective cost percentages of the equipment costs are given in Sect. "Result". The required 
equipment is derived from Fig. 1. Besides the machines directly shown, a compressed air 
generation for the NIR sorting and nine conveyor belts (one for each transport, i.e. arrow 
in Fig. 1(a)) for general product transport through the facility are needed for mechanical 
processing. The RC-BCC production uses an additional eight conveyor belts. Equipment 
costs were researched by direct inquiry to manufacturers for jaw crushing, impact crushing, 
air separation, NIR sorting, vibrating screening, conveyor belts, and compressed air genera-
tion. The dryer, the ball mill, and the rotary kiln costs were calculated using the correlation 
function introduced by [45] and given in Eq. (1).
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	 Ce = a + b ∗ Sn� (1)

Ce	 cost of purchased equipment
a, b	 cost constants for the equipment
S	 size parameter
n	 exponent for that type of equipment
The size parameter of each piece of equipment relates to different scenarios described in 
Sect. "Scenario definition". The size of the dryer is measured by area (m2), the ball mill 
by capacity (t/h), and the rotary kiln by power (MW). The constants a, b, n are taken from 
[45] for the respective equipment. The area of the dryer is calculated using the dimensions 
given by [46] for different capacities. However, inaccuracies might occur in these calcula-
tions due to the ambiguity of the provided data on the dryer area. Ball mill capacities (t/h) 
for pd-AAC feedstock and clinker are taken from mass balances (Fig. 1) for different plant 
sizes. The energy requirement of the rotary kiln was calculated as the sum of the energy 
needed to heat the raw material to the reaction temperature (Cp(CaCO3)=1 kJ/kg.K), reaction 
enthalpy for the decomposition of CaCO3 ( ∆ Hr (1000 °C) = 164.501 kJ/mol) and the forma-
tion of belite ( ∆ Hr (1000 °C) =-93.911 kJ/mol). Since the flue gas and the hot clinker both 
contain sensible heat, 60% recovery efficiency was assumed for the flue gas and the clinker 
cooler, which reduces the net energy demand. However, a factor of 1.5 was applied to the 
net energy demand to account for inefficiencies such as heat losses through the walls of the 
kiln. In conventional OPC cement production, an increase in energy demand is typically 
estimated using a factor of 1.2 for the rotary kilns fired using fuel due to heat loss through 
the wall [19]. Since no data are currently available on the efficiency of electrically heated 

parameter value reference
operational time mechanical 
processing [h/a]

3,300 assumption (12 h/d, 275 
d/a)

operational time RC-BCC 
production [h/a]

6,600 assumption (24 h/d, 275 
d/a)

interest rate [-] 0.07 assumption
share of borrowed capital [-] 1 assumption
service life of the plant [a] 15 assumption
annuity factor [-] 0.11 derived from interest rate 

and service life of the plant 
using Eq. (2)

labour costs [€/working hour] 41.90 labour costs in the 
manufacturing sector in 
Germany in 2021 [50]

sorting residue treating [€/t] 100 assumption
limestone [€/t] 40 expert interviewa

CaCl2 costs [€/t] 92 assumption based on online 
portals (chemieshop24.de, 
german.alibaba.com)

CO2 certificate costs [€/t] 85 [51]
electricity costs [€/kWh] 0.265 [52], as of: July 2023
land costs (economically used 
building land) [€/m²]

63.48 [53], average 2021 value

CO2 certificate costs [€/t] 85 [51]

Table 1  Relevant primary 
data and assumptions for the 
economic assessment of pd-AAC 
recycling

aDr.-Ing. Jesko Gerlach, Holcim 
GmbH.
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kilns used for belite clinker formation, and such plants based on recycled raw materials as 
feedstock would be smaller in size compared to OPC plants, a conservative factor of 1.5 was 
assumed. Unlike the rotary kiln used for OPC production, that relies on fuel consumption, 
the kiln used for the production of RC-BCC is assumed to be heated indirectly by electricity. 
Therefore, the energy requirement for the rotary kiln is expressed in kwh/t.

Clinker cooling equipment cannot be considered in this study due to a lack of data. 
RC-BCC for lab kilns shows an agglomerate size of up to 2 mm, which is different from 
ordinary Portland cement clinker. Thus, specific cooling technology and setups have to be 
investigated in the future.

Finally, the Chemical Engineering Plant Cost Index (CEPCI) is used to adjust the equip-
ment costs for inflation over time. Aspen Plus 12.1 version [47] is used to estimate the elec-
tricity requirements for the ball mill and dryer across different capacities.

Annual fixed costs resulting from the fixed-capital investment are calculated using an 
annuity factor that is calculated using Eq. (2) [48]. Annual fixed costs from the working 
capital and land costs are calculated using the interest rate per year, not the annuity, as no 
amortisation is needed in these categories. Future variations in interest rates are addressed 
through a sensitivity analysis described in Sect. "Sensitivity analysis".

	
annuity factor = i ∗ (1 + i)n

(1 + i)n − 1 � (2)

i	 interest rate per year
n	 service life of the plant in years
Overhead costs and general expenses are calculated as percentages of operating labour costs 
and total product costs. Transport of input material to the recycling plant and final products 
to the point of demand are not included in the economic consideration since the focus is on 
assessing the recycling plant itself. A brownfield investment is assumed since it could be 
added to existing infrastructure for construction and demolition waste treatment or AAC/
cement production plants. A recycling plant at a greenfield location could double the brown-
field investment [44]. Conventional cement plants typically operate for ~ 330 days per year, 
while the remaining days are planned for shutdowns and maintenance work [49]. However, 
as there is currently no plant operating on a continuous scale for producing belite from sec-
ondary feedstock (pd-AAC), the assumption of 275 working days was made to account for 
the uncertain feedstock availability and necessary maintenance. All relevant primary data 
and assumptions for the economic assessment are given in Table 1. For all input data not 
based on explicit assumptions, high-quality statistics or an expert interview were used as 
primary sources. For the price of CaCl2, however, no peer-reviewed or industry data were 
available. Therefore, online portals were used as the best accessible source.

  

Scenario Definition

The size of a plant usually significantly impacts the total product costs. Therefore, different 
plant sizes are considered in scenarios to disclose the range of the total costs. The recycling 
plant has an input capacity of 50,000 t/a in the baseline scenario. It would need 14 of these 

1 3

   88   Page 8 of 21



Circular Economy and Sustainability            (2026) 6:88 

recycling plants to handle the current German pd-AAC amount of around 700,000 t/a and 40 
to handle the expected increase of up to 2,000,000 t/a until 2050 (Sect. "Pd-AAC supply and 
revenue for the final product"). Moreover, other recycling plants with lower input capac-
ity (10,000/25,000 t/a) are investigated to reflect more decentralised recycling possibili-
ties where transport can be minimised. Additionally, recycling plant scenarios with higher 
input capacity (100,000/250,000 t/a) are included in calculating total costs when significant 
economies of scale become effective. The varying capacity in the different scenarios influ-
ences the required capacity of the machines. Generally, the change in equipment costs due 
to increased or reduced capacity can be calculated using Eq. (3) [54].

	
C2 = C1 ∗

(
Q2

Q1

)x

� (3)

C2	 cost of capacity Q2
C1	 cost of capacity Q1
x	 cost-capacity factor
Equation (3) is also used for scaling the electricity inputs of the machines since the electricity 
inputs are assumed to follow the same sublinear relationship with the capacity as the costs. 
Factor x is calculated separately for costs and electricity input (electricity-capacity factor). 
There are various suggestions for cost-capacity factors for different plants, machines, and 
machine parts in the literature. However, calculating the factor for every machine directly 
from specific cost and electricity input data is the most precise approach. Thus, machines’ 
prices and electricity inputs were researched for two to six capacities. Rearranging Eq. (3) 
allows a calculation of machine-specific cost-capacity factors resulting in 0.37 for the crush-
ers, 0.42for the air separator, 0.5for the NIR sorting machine, 0.2for the compressed air 
generator, and 0.61for the vibrating screen. The electricity-capacity factors are calculated 
the same way resulting in 0.82 for the crushers, 0.68 for the air separator, 0.55 for the NIR 
sorting machine, 0.64 for the compressed air generator, and 0.65 for the vibrating screen. It’s 
assumed that all machines reach the highest capacity of 250,000 t/a (around 70 t/h), except 
for the NIR sorting machine. A direct manufacturer enquiry disclosed a maximum capacity 
of available NIR sorting machines of about 15 t/h for pd-AAC with an assumed density of 
0.5 t/m³ after primary crushing (< 80 mm). Higher throughputs are supposed to be handled 
by parallel sorting on multiple NIR machines. However, one NIR sorting machine can take 
the pd-AAC input of up to 50,000 t/a. The parallel use of several machines is only relevant 
for the plant size scenarios of 100,000 t/a (two NIR sorting machines required) and 250,000 
t/a (five NIR sorting machines required). Equation (3) is used for cost calculation of jaw 
crushing, impact crushing, air separation, NIR sorting, vibrating screen, and compressed 
air generation. The cost calculation of the dryer for the highest capacities, i.e., 100,000 and 
250,000 t/a, is also performed using Eq.  (3), as the dimension data was not given in the 
reference. The ball mill and rotary kiln costs in all scenarios are calculated equally to the 
baseline scenario.

1 3
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Results

This section shows the results of the economic assessment. First, the costs of mechanical 
pd-AAC processing and RC-BCC production are calculated for the considered scenarios 
(Sect. "Costs of mechanical pd-AAC processing and RC-BCC production"). Then, a sensi-
tivity analysis of the results is presented (Sect. Sensitivity analysis).

Costs of Mechanical pd-AAC Processing and RC-BCC Production

The recycling process, including mechanical processing and RC-BCC production, uses 
equipment described in Sect.  "Mechanical pd-AAC processing" and Fig. 1. Table 2 dis-
closes the costs and the electricity demand for the entire equipment of both recycling steps. 
The values for the conveyor belts reflect nine belts for the mechanical pd-AAC processing 
and eight belts for the RC-BCC production, one between all components of the recycling 
plant and all materials sorted out (one belt per material flow/arrow in Fig. 1). The conveyor 
belts are always needed for material transport. Therefore, no scaling of costs or electric-
ity demand is performed for recycling plants of different capacities. The total costs of all 
equipment are then used as input for the total capital investment assessment (Table 3) fol-
lowing the method described in Sect. "Methodology of the economic assessment". The total 
capital investment is around 4 M€ for the mechanical pd-AAC processing and an additional 
13.6 M€ for the RC-BCC production in a plant with a pd-AAC input capacity of 50,000 t/a.

  
The results of the total product cost calculation for the baseline scenario are presented 

in Table 4. The variable costs do not consider all aspects mentioned by [44] since the fol-
lowing are not associated with any charges in the case of mechanical pd-AAC processing 
and RC-BCC production: costs for fuel (as only electricity is used), refrigeration, steam, 
process water, cooling water, and royalties. Additionally, there are no raw material costs for 
the mechanical pd-AAC processing. Potential acceptance fees for the pd-AAC treatment 
are considered in comparing recycling and landfilling costs. However, raw material costs 
for limestone for the RC-BCC production are included (Table 1). The assessment of operat-
ing labour costs is calculated from data on operating labour requirements [44], assuming a 

equipment equipment 
costs [€]

electricity demand 
[kWh/t input]

jaw crusher 59,422 1.4
impact crusher 43,110 2.7
air separator 52,035 1.0
NIR sorting machine 388,755 1.0
compressed air generation 9,981 0.3
vibrating screen 26,571 0.1
conveyor belts 131,400 0.1
total for mechanical processing 711,274 6.7
  dryer 374,154 476.1
  ball mill 1 615,709 14.6
  rotary kiln 894,353 1398.3 kWh/t fines
  ball mill 2 794,756 24.5
  conveyor belts 102,200 0.3
total for RC-BCC production 2,781,171 1447.7

Table 2  Equipment costs and 
electricity demand for mechani-
cal pd-AAC processing and RC-
BCC production in the baseline 
scenario (50,000 t pd-AAC/a)
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highly automated process with two process steps (sorting, crushing/grading) for mechanical 
pd-AAC processing and three steps (drying, clinkerisation, milling) for RC-BCC produc-
tion. The operating labour requirement is then multiplied by average labour costs (Table 
1) to get total operating labour costs. Electricity costs are determined from the electricity 
demand (Table 2) and costs per kWh (Table 1). Waste treatment and disposal costs are calcu-
lated from treatment costs (Table 1) multiplied by the assumed 1% of all inputs to be sorted 
out. Additionally, CO2 certificate costs must be considered for the RC-BCC production, as 
the cement industry has to buy certificates for the direct emissions. The CO2 emissions of 
the process [43] are multiplied by current certificate prices (Table 1). Costs for operating 
supervision, maintenance and repairs, operating supplies, and laboratory charges are calcu-
lated from operating labour costs and fixed-capital investment using percentages given by 
[44]. Finally, costs for catalysts and solvents, including CaCl2 needed as mineraliser in the 
RC-BCC production, are calculated using the input mass (Fig. 1) and CaCl2 costs (Table 1).

The annuity is the central influencing aspect of fixed costs. It is determined by the annu-
ity factor (Table 1) multiplied by fixed-capital investment (Table 3). The interest for work-
ing capital (Table 3) is considered separately. The interest rate (Table 1), not the annuity 

cost category percentage 
of delivered 
equipment

costs me-
chanical 
processing 
[€]

costs 
RC-BCC 
production 
[€]

direct costs
  purchased equipment 
delivered

n.a. 711,274 2,781,171

  purchased-equipment 
installation

0.45 320,074 1,251,527

  instrumentation and con-
trols (installed)

0.18 128,029 500,611

  piping (installed) 0.16 113,804 444,987
  electrical systems 
(installed)

0.1 71,127 278,117

  buildings (including 
services)

0.25 177,819 695,293

  yard improvements 0.15 106,691 417,176
  service facilities 
(installed)

0.4 284,510 1,112,469

  total direct plant costs 2.69 1,913,328 7,481,351
indirect costs
  engineering and 
supervision

0.33 234,721 917,787

  construction expenses 0.39 277,397 1,084,657
  legal expenses 0.04 28,451 111,247
  contractor’s fee 0.17 120,917 472,799
  contingency 0.35 248,946 973,410
  total indirect plant costs 1.28 910,431 3,559,899
total costs
  fixed-capital investment 3.97 2,823,760 11,041,251
  working capital 0.70 497,892 1,946,820
  land costs n.a. 634,800 634,800
  total capital investment n.a. 3,956,452 13,622,871

Table 3  Capital investment 
calculation for the mechanical 
pd-AAC processing and RC-
BCC production in the baseline 
scenario (50,000 t pd-AAC/a) 
based on the percentage of 
delivered equipment cost method 
by 41 [44]
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factor, is used for calculation because the working capital is not amortised. Additionally, 
taxes and insurance are considered as a percentage of the fixed-capital investment given by 
[44]. Similarly, overhead costs and all general expenses are calculated from fixed factors 
of a base value specified in Table 4. The overhead costs include various aspects, such as 
medical, safety and protection, packaging, and storage facilities. The general administrative 
expenses include executive salaries, legal costs, office maintenance, and communications. 
Adding up the variable, fixed, overhead, and general expenses leads to the total product 
costs. These amount to around 69 €/t input for the mechanical processing and an additional 
920 €/t input for the RC-BCC production in the baseline scenario.

Table 4  Product cost calculation for a pd-AAC recycling plant in the baseline scenario (50,000 t pd-AAC/a)
cost category costs mechanical 

processing
[€/t input 
pd-AAC]

costs RC-BCC 
production
[€/t input 
pd-AAC]

reference

variable costs
  raw materials 0.00 55.35 own modelling
  operating labour 17.51 32.59 own calculation (based on Peters et al., 

2003)
  operating supervision 2.63 4.89 0.15*operating labour (Peters et al., 2003)
  electricity 1.78 507.15 own modelling
  waste treatment and 
disposal

1.00 50.72 own modelling

  maintenance and 
repairs

3.95 20.82 0.07*fixed-capital investment (Peters et 
al., 2003)

  operating supplies 0.59 3.12 0.15*maintenance and repairs (Peters et 
al., 2003)

  laboratory charges 2.63 4.89 0.15*operating labour (Peters et al., 2003)
  catalysts and solvents 0.00 5.15 own modelling
  total variable costs 30.10 684.69
fixed costs
  annuity 6.20 32.65 0.11*fixed-capital investment (own 

calculation)
  interest for working 
capital and land costs

1.59 4.87 0.07*(working capital+land costs) (own 
calculation)

  taxes (property) 1.13 5.95 0.02*fixed-capital investment (Peters et 
al., 2003)

  insurance 0.56 2.97 0.01*fixed-capital investment (Peters et 
al., 2003)

  total fixed costs 9.48 46.44
overhead costs 14.46 34.98 0.6*(operating labour + supervi-

sion + maintenance) (Peters et al., 2003)
general expenses
  administrative 
expenses

3.50 6.52 0.2*operating labour (Peters et al., 2003)

  distribution and mar-
keting expenses

7.53 101.18 0.11*total product costs (Peters et al., 
2003)

  research and 
development

3.42 45.99 0.05*total product costs (Peters et al., 
2003)

  total general expenses 14.46 153.69
total costs 68.50 919.80
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The product costs are calculated similarly for all other scenarios (Supporting Informa-
tion S1). These scenarios include mechanical processing with a 10,000 t/a to 250,000 t/a 
capacity. The RC-BCC production capacities correspond to around 74% of the mechanical 
processing input (Fig. 1), leading to scenarios with 7,425 t/a to 185,625 t/a pd-AAC pow-
der input. Figure 2 shows all scenarios’ total mechanical processing and RC-BCC produc-
tion costs. The total product costs highly depend on the capacity of the recycling plant. 
The smallest plant of 10,000 t/a treats the pd-AAC with costs of around 209 €/t input for 
mechanical processing and around 1250 €/t input for RC-BCC production. The larger the 
plant, the lower the total costs, reaching approximately 30 €/t input for mechanical pro-
cessing and an additional 800 €/t input for RC-BCC production in the scenario with the 
largest capacity. Due to the limestone input, the RC-BCC production can produce 1.71 t 
RC-BCC per t pd-AAC input. Thus, the total costs of the combined mechanical processing 
and RC-BCC production would be 493 €/t RC-BCC in the scenario with the highest capac-
ity. Detailed results for all scenarios are given in Supporting Information S1.

The variable costs account for the largest share of the total costs, just below 50% of the 
total costs for mechanical processing and more than 50% for the energy-intensive RC-BCC 

Fig. 2  Total costs of mechanical pd-AAC processing (a) and RC-BCC production (b) and their composi-
tion for all considered recycling plant capacities (data can be found in Supporting Information S1)
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production, reaching nearly 80% in large-capacity scenarios. Overhead costs and general 
expenses contribute around 20% each to the total costs of the mechanical processing. In 
comparison, general expenses (just below 20%) are higher than overhead costs (10% for 
small capacities, < 5% for large capacities) for the RC-BCC production. Moreover, the fixed 
costs account for only about 10% (in scenarios with lower capacity) to 20% (in scenarios 
with higher capacity) of the total costs for mechanical processing. The fixed costs nearly 
equal the overhead costs for the RC-BCC production (10% for small capacities, < 5% for 
large capacities).

These total pd-AAC recycling costs can be compared to pd-AAC landfilling costs of 
65–180 €/t (Sect.  "Pd-AAC supply and revenue for the final product"). The mechanical 
processing’s total costs are nearly equal to the average landfilling costs for a recycling plant 
with 25,000 t/a input capacity. Total costs in higher-capacity scenarios are well below the 
landfilling costs. Thus, mechanical pd-AAC recycling is economically desirable, even with-
out considering sale prices of around 5–15 €/t (Sect. "Pd-AAC supply and revenue for the 
final product"). However, the additional RC-BCC production is costly. Thus, total costs are 
significantly higher than landfilling costs. Cement sales prices of around 150 €/t (Sect. "Pd-
AAC supply and revenue for the final product") are not sufficient to reach an economic 
break-even. A pd-AAC recycling plant of 250,000 t/a input capacity would have total costs 
for mechanical processing and subsequent RC-BCC production of nearly 850 €/t pd-AAC 
powder (nearly 500 €/t RC-BCC). Thus, the RC-BCC would need to generate a sales price 
of around 430€/t so the recycling process’s costs would not exceed landfilling costs.

Sensitivity Analysis

A sensitivity analysis was performed to determine the variation in total costs when input 
parameters change. The sensitivity analysis for both recycling steps includes the labour 
costs, equipment costs, electricity costs, interest rate, and recycling plant service life. Addi-
tionally, the limestone costs, CaCl2 costs, and CO2 certificate costs are varied for the RC-
BCC production. All parameters are changed by ± 10%, and the resulting changes in total 
costs are compared (Fig. 3).

The mechanical pd-AAC processing’s total costs show the highest variability when 
changing labour costs (± 6.7%) or equipment costs (± 2.7%). In contrast, varying the elec-
tricity costs does not significantly influence the total costs (< 1% change) as the mechanical 
processing is not very energy-intensive. The interest rate and the service life of the recycling 
plant also only show a minor influence on the total costs (< 1% change).

In contrast, RC-BCC production is very energy-intensive, and electricity costs account 
for the largest share of the total costs. Therefore, varying the electricity costs leads to a sig-
nificant change in total costs (± 6.6%). All other parameters show much lower effects on the 
total costs of around ± 1% for labour and equipment costs and even < 1% for interest rate, 
service life, limestone costs, CaCl2 costs, and CO2 certificate costs. Variations in the CaCl2 
price have a negligible influence on the overall results, confirming that using a less robust 
data source in this case does not affect the conclusions.

Moreover, impurity levels are subject to uncertainties and, therefore, included in a sce-
nario analysis. Besides the baseline (1% impurities), increased contamination (2% impuri-
ties), and heavy contamination (5% impurities) is considered (Table 5). Results show that 
the total costs increase as more material is sorted out and landfilled. In relative terms, the 
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cost increase between 1% and 5% impurity level is highest for an input capacity of 250,000 
t/a, summing up to 16%. In addition, the product yield in the scenarios falls from 99% to 
98% and 95% respectively.

input capacity 10,000 
t/a

25,000 
t/a

50,000 
t/a

100,000 
t/a

250,000 
t/a

total costs [/t input], 
1% impurities

208.6 € 108.0 € 68.5 € 46.1 € 29.8 €

total costs [/t input], 
2% impurities

209.8 € 109.1 € 69.7 € 47.3 € 31.0 €

total costs [/t input], 
5% impurities

213.2 € 112.6 € 73.2 € 50.8 € 34.5 €

Table 5  Changes on mechanical 
pd-AAC processing costs for 
different impurity levels

 

Fig. 3  Sensitivity analysis of total costs of (a) mechanical pd-AAC processing and (b) RC-BCC production
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Discussion

First, the regionally varying pd-AAC landfilling costs of 65–180 €/t impact the overall com-
parison and conclusion of whether pd-AAC recycling is economically viable. The landfill-
ing costs differ significantly between countries and regions. Therefore, landfilling pd-AAC 
could be economically more attractive than recycling in areas with low pd-AAC landfilling 
costs. On the other hand, pd-AAC recycling in small plants, potentially even including RC-
BCC production, can be economically viable in regions with very high landfilling costs.

The equipment electricity demand was identified through product data sheets and calcu-
lations, but not measured from an actual recycling plant. Generally, a conservative estimate 
was performed. The analysis does not consider, for example, the lower strength of AAC 
compared to other mineral building materials. Thus, in practice, the electricity demand will 
probably be well below the calculated values in this study, especially for the crushing and 
milling steps [42]. confirm this impression by giving specific jaw-crushing energy for AAC 
below the assumed electricity demand in this study. This observation is probably also valid 
for other processing steps. However, the dryer and the rotary kiln dominate the total electric-
ity demand, while the electricity demand for mechanical processing is low.

Electricity costs are critical for the total costs of the RC-BCC production as they account 
for more than 50% of the total costs in the baseline scenario (input capacity of 50,000 t 
pd AAC/a). Potential mitigation measures include the procurement of renewable electric-
ity, either from the grid or through on-site generation (e.g., photovoltaic systems), and the 
recovery and use of waste heat from other industrial processes for drying stages. These 
strategies could substantially reduce operational costs and greenhouse gas emissions and 
improve the economic and environmental performance of pd-AAC recycling and subse-
quent RC-BCC production.

Limitations of this study mainly include data availability and quality, as pd-AAC recy-
cling is not yet established. Thus, pd-AAC recycling plants do not exist yet, and there is no 
field data on the different cost aspects. The study uses newly researched costs and electric-
ity demands of recycling equipment and combines them with literature data to assess all 
relevant cost aspects. For example, the operating labour requirement strongly influences the 
variable costs and, thus, the total costs, especially for mechanical processing (Sect. "Sensi-
tivity analysis"). However, the requirement is determined by an estimation based on [44], 
not a measurement in recycling plants for pd-AAC or similar products.

Moreover, the exclusion of transport costs is a limitation of the present study. This exclu-
sion may be particularly relevant for decentralised recycling plants, potentially leading to an 
overestimation of economic feasibility in regions with long transport distances. Therefore, 
future work should integrate transport costs into the economic framework developed in this 
study. A promising approach is the optimisation of recycling networks, in which transport 
costs are explicitly balanced against economies of scale of centralised processing plants to 
provide a more realistic assessment of regional recycling strategies.

Furthermore, the assumed processing steps and respective equipment must be tested on 
this scale in practical trials to determine their suitability for pd-AAC recycling and RC-BCC 
production. It has to be verified if the processes and equipment for purifying the input mate-
rial are sufficient to reach the desired final product quality. Moreover, it might influence the 
shares of pd-AAC granulate and powder produced. Furthermore, the impurities can vary 
substantially from the 1% assumed in this study. Higher percentages would increase the 
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costs of waste treatment and disposal (part of the variable costs) and reduce potential sale 
revenues for the final product per ton input, as a lower amount of the final product is pro-
duced. However, the influence of these aspects on the total costs is limited. One additional 
per cent of impurities in the input would increase the waste treatment and disposal costs by 1 
€/t input. Overall, this study is the first approach to assess pd-AAC recycling economically. 
The results could be subject to noticeable changes when pd-AAC recycling is implemented 
in practice.

The existing knowledge about the technology used is also limited in terms of RC-BCC 
production. In particular, scaling the process to large input streams might lead to a change 
in technology. The limit of the currently proposed technology for the RC-BCC production, 
especially the electrically heated rotary kiln, has not yet been determined in practical trials. 
The rotary kiln might need to be fired by other technologies in large-capacity scenarios. 
Oxyfuel technology (natural gas combustion in pure oxygen) could be an option, but would 
slightly increase the energy demand as additional energy is needed for oxygen generation. 
Overall, there is a need for further technology development.

Moreover, the clinker cooling as part of the RC-BCC production was not integrated into 
the cost calculation. As mentioned above, the exact cooling technology remains uncertain. 
An estimated 10% of additional equipment costs would emerge based on the cooler cost in 
an ordinary Portland cement plant [55]. However, the sensitivity analysis (Sect. "Sensitivity 
analysis") shows that a 10% increase in equipment costs would increase the total product 
costs of the RC-BCC production by only around 1%.

Conclusion

This study modelled a pd-AAC recycling plant, including mechanical processing and RC-
BCC production from pd-AAC for different input capacity scenarios to calculate total costs 
for pd-AAC recycling. Results show significant economies of scale for the recycling plant. 
Total costs for mechanical processing vary between 209 €/t input for the smallest plant of 
10,000 t/a and 30 €/t input for the largest plant of 250,000 t/a. A subsequent RC-BCC pro-
duction would incur additional costs between 800 €/t input (largest plant) and 1250 €/t input 
(smallest plant). Overall, production costs for RC-BCC are around 500 €/t, so minimum 
sales prices of about 430 €/t would be necessary to reach average pd-AAC landfilling costs. 
However, the recycling products from mechanical pd-AAC processing can also be used 
for different recycling purposes. The minimum capacity of the recycling plant needs to be 
around 50,000 t/a input for the total recycling costs to be lower than the lower range of pd-
AAC landfilling costs of 65–180 €/t. Plants with higher capacities could even mechanically 
treat the pd-AAC for costs well below the landfilling. In conclusion, this study indicates 
that pd-AAC recycling can be economically beneficial compared to landfilling and, thus, 
should be fostered.

In addition to the economic assessment results, environmental assessment shows that pd-
AAC recycling also reduces greenhouse gas emissions compared to landfilling by up to 0.5 
kg CO2 eq./kg pd-AAC [37]. RC-BCC production from AAC using renewable electricity 
can even reach reductions of up to 0.77 kg CO2 eq./kg pd-AAC [43]. This environmental 
assessment underlines the benefit of pd-AAC recycling.
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Increasing pd-AAC volumes in the following decades will further extend the economic 
advantage of pd-AAC recycling, as high recycling plants’ capacities lead to significant 
reductions in total costs. Moreover, landfilling costs are most likely to increase significantly 
in future. However, the legal framework for pd-AAC recycling can still be improved. For 
example, regional modifications in the legislation complicate recycling.

Future research should enhance the data availability to assess pd-AAC recycling, for 
example, by providing data from pilot plants to improve the quality of this economic assess-
ment further. The proposed model is intended as a benchmark framework. By substituting 
country-specific parameters (e.g., interest rates, labour costs, energy costs, landfill fees), 
it can be applied to other regional contexts. Additionally, location and logistics planning 
will be essential to advance pd-AAC recycling. Regional differences in pd-AAC volumes, 
demand, and landfilling fees can significantly influence the establishment of an AAC recy-
cling network. Moreover, transport costs presumably impact the total recycling costs, mak-
ing logistics planning vital. Thus, future research should investigate logistics optimisation. 
Potential approaches include hub-and-spoke models, in which demolition material is col-
lected at centralised hubs before processing or redistribution. Furthermore, optimisation 
algorithms, such as linear programming can be used to minimise variable costs, fixed costs, 
and transport costs under given constraints.

Supplementary Information  The online version contains supplementary material available at ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​
/​1​0​.​1​0​0​7​/​s​4​3​6​1​5​-​0​2​6​-​0​0​7​9​6​-​4​​​​​.​​

Funding  Open Access funding enabled and organized by Projekt DEAL. This work was supported by the 
Federal Ministry of Education and Research (BMBF) Germany within the research project REPOST [grant 
number: 033R249B]. The responsibility for the content of this publication lies with the authors.

Data Availability  The data that supports the findings of this study are available in the supporting information 
of this article. Additional data that support the findings of this study are available from the corresponding 
author upon reasonable request.

Declarations

Conflict of interest  The authors declare no conflict of interest.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International License, 
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as 
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons 
licence, and indicate if changes were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. 
If material is not included in the article’s Creative Commons licence and your intended use is not permitted 
by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1.	 UN (2023) Sustainable development goals. ​h​t​t​p​s​:​​/​/​w​w​w​​.​u​n​.​o​r​​g​/​s​u​​s​t​a​i​n​​a​b​l​e​d​​e​v​e​l​o​p​​m​e​n​t​​/​s​u​s​t​​a​i​n​a​b​​l​e​-​d​e​
v​​e​l​o​p​​m​e​n​t​-​g​o​a​l​s​/. Accessed 18 Jan 2023

2.	 Akhtar A, Sarmah AK (2018) Construction and demolition waste generation and properties of recycled 
aggregate concrete: A global perspective. J Clean Prod 186:262–281

3.	 European Parliament and Council (2008) Directive 2008/98/EC

1 3

   88   Page 18 of 21

https://doi.org/10.1007/s43615-026-00796-4
https://doi.org/10.1007/s43615-026-00796-4
http://creativecommons.org/licenses/by/4.0/
https://www.un.org/sustainabledevelopment/sustainable-development-goals/
https://www.un.org/sustainabledevelopment/sustainable-development-goals/


Circular Economy and Sustainability            (2026) 6:88 

4.	 OECD (2020) The circular economy in cities and regions: synthesis report (OECD urban studies). 
OECD Publishing, Paris

5.	 Kreft O (2017) Autoclaved aerated concrete with sulphate content: an environmentally friendly, durable 
and recyclable building material: Sulfathaltiger Porenbeton: Ein umweltfreundlicher, langlebiger und 
recyclingfähiger Baustoff. Mauerwerk 21:287–296

6.	 DIN 20000-404 :2018-04 Anwendung von Bauprodukten in Bauwerken – Teil 404: Regeln für die 
verwendung von Porenbetonsteinen Nach DIN EN 771-4:2015-11 [Application of Building products 
in structures - Part 404: rules for the use of autoclaved aerated concrete blocks according to DIN EN 
771-4:2015-11] 91.100.30. Beuth Verlag GmbH, Berlin

7.	 EAACA (2023) About EAACA. https://eaaca.org/about-eaaca/. Accessed 12 Apr 2023
8.	 Grinfel’d GI, Vishnevsky AA, Smirnova AS (2018) Production and use of autoclaved aerated concrete 

in Russia. ce/papers 2:67–71
9.	 Fouad FH, Schoch T (2018) AAC in the USA - a second look. ce/papers 2:E1–E6
10.	 Steins JJ, Volk R, Schultmann F (2021) Modelling and predicting the generation of post-demolition 

autoclaved aerated concrete (AAC) volumes in Germany until 2050 Resources, Conservation and Recy-
cling 171 105504

11.	 Deilmann C, Krauß N, Gruhler K, Reichenbach J (2014) Sensitivitätsstudie zum Kreislaufwirtschafts-
potenzial im Hochbau [Sensitivity study on the circular economy potential in building construction]

12.	 Riegler-Floors P, Hillebrandt A (2018) Kostenvergleich konventioneller und recyclinggerechter kon-
struktionen [Cost comparison of conventional and recyclable constructions] Atlas recycling [recycling 
atlas]: Gebäude Als materialressource [Buildings as material resources] ed A Hillebrandt . München, 
Detail Business Information GmbH. pp 120–134

13.	 Gyurkó Z, Jankus B, Fenyvesi O, Nemes R (2019) Sustainable applications for utilization the construc-
tion waste of aerated concrete. J Clean Prod 230:430–444

14.	 Lam NN (2021) Recycling of AAC waste in the manufacture of autoclaved aerated concrete in Vietnam. 
Int J GEOMATE 20:128–134

15.	 Rafiza AR, Chan HY, Thongtha A, Jettipattaranat W, Lim KL (2019) An innovative autoclaved aerated 
concrete (AAC) with recycled AAC powder for low carbon construction. IOP Conf Ser : Earth Environ 
Sci 268:12050

16.	 Rafiza AR, Fazlizan A, Thongtha A, Asim N, Noorashikin MS (2022) The physical and mechanical 
properties of autoclaved aerated concrete (AAC) with recycled AAC as a partial replacement for sand. 
Buildings 12:60

17.	 Bergmans J, Nielsen P, Snellings R, Broos K (2016) Recycling of autoclaved aerated concrete in floor 
screeds: sulfate leaching reduction by ettringite formation. Constr Build Mater 111:9–14

18.	 Aycil H, Hlawatsch F, Kropp J (2016) Hochwertige Verwertungsmöglichkeiten für Porenbetonrezyklate 
[High-quality recycling possibilities for autoclaved aerated concrete recyclates]

19.	 Locher FW (2000) Zement [cement]: grundlagen der herstellung und verwendung [principles of pro-
duction and use]. Verlag Bau+Technik GmbH, Düsseldorf (Germany)

20.	 Hunsinger H, Beuchle G, Stemmermann P, Schweike U, Giziewicz K, Garbev K (2013) Method for 
producing dicalcium silicate. 9751771a

21.	 Ullrich A, Garbev K, Bergfeldt B (2021) In Situ x-ray diffraction at high temperatures: formation of 
Ca2SiO4 and ternesite in recycled autoclaved aerated concrete. Minerals 11:789

22.	 Stemmermann P, Ullrich A, Beuchle G, Garbev K, Schweike U (2022) Belite cement clinker from auto-
claved aerated concrete waste – A contribution towards CO2 -reduced circular Building materials. ce/
papers 5:17–26

23.	 Beuchle G, Garbev K, Kreft O, Schultmann F, Schweike U, Steins J, Stemmermann P, Ullrich A, Volk 
R, Weiß B (2024) Recyclingcluster Porenbeton (REPOST) - Schlussbericht des Forschungsvorhabens

24.	 Ullrich A, Garbev K, Schweike U, Köhler M, Bergfeldt B, Stemmermann P (2022) CaCl₂ as a mineraliz-
ing agent in low-temperature recycling of autoclaved aerated concrete: Cl-immobilization by formation 
of chlorellestadite

25.	 Larrain M, van Passel S, Thomassen G, van Gorp B, Nhu TT, Huysveld S, van Geem KM, Meester S de 
and Billen P 2021 Techno-economic assessment of mechanical recycling of challenging post-consumer 
plastic packaging waste Resources, Conservation and Recycling 170 105607

26.	 Volk R, Stallkamp C, Steins JJ, Yogish SP, Müller RC, Stapf D, And Schultmann F (2021) Techno-
economic assessment and comparison of different plastic recycling pathways: a German case study. J 
Ind Ecol 25:1318–1337

27.	 Cimpan C, Maul A, Wenzel H, Pretz T (2016) Techno-economic assessment of central sorting at mate-
rial recovery facilities – the case of lightweight packaging waste. J Clean Prod 112:4387–4397

28.	 Cucchiella F, D’Adamo I, Lenny Koh SC, Rosa P (2015) recycling of weees: an economic assessment 
of present and future e-waste streams. Renew Sustain Energy Rev 51:263–272

1 3

Page 19 of 21     88 

https://eaaca.org/about-eaaca/


Circular Economy and Sustainability            (2026) 6:88 

29.	 Granata G, Altimari P, Pagnanelli F, de Greef J (2022) Recycling of solar photovoltaic panels: Techno-
economic assessment in waste management perspective. J Clean Prod 363:132384

30.	 Thompson D, Hyde C, Hartley JM, Abbott AP, Anderson PA, Harper GDJ (2021) To shred or not to 
shred: A comparative techno-economic assessment of lithium ion battery hydrometallurgical recycling 
retaining value and improving circularity in LIB supply chains Resources, Conservation and Recycling 
175 105741

31.	 Hassanpour M (2021) Techno-economic assessment model of screening step of agricultural wastes 
recycling to animal feed project. Cent Asian J Environ Sci Technol Innov 2:1–11

32.	 Athanassiou M, Zabaniotou A (2008) Techno-economic assessment of recycling practices of municipal 
solid wastes in Cyprus. J Clean Prod 16:1474–1483

33.	 Volk R, Müller R, Schultmann F, Rimbon J, Lützkendorf T, Reinhardt J, Knappe F (2019) Stofffluss- 
und Akteursmodell als Grundlage für ein aktives Ressourcenmanagement im Bauwesen von Baden-
Württemberg „StAR-Bau - Schlussbericht des Forschungsvorhabens [Material flow and actor model 
as a basis for an active resource management in the building industry of Baden-Württemberg „StAR-
Bau - Final report of the research project] (Produktion und Energie vol 32. KIT Scientific Publishing, 
Karlsruhe

34.	 Müller A (2016) Erschließung der ressourceneffizienzpotenziale Im Bereich der kreislaufwirtschaft 
Bau [Development of resource efficiency potentials in the field of circular economy Construction] (On 
behalf of the federal Institute for research on Building, urban affairs and Spatial development (BBSR) 
at the. Federal Office for Building and Regional Planning

35.	 Schlegel E, Hums D (2002) Porenbeton - die entwicklung von Gefüge und eigenschaften eines werkst-
offes. Mauerwerk 6:82–88

36.	 Aycil H, Hlawatsch F (2020) Untersuchung der hochwertigen Wiederverwendung von mineralischem 
Abbruchmaterial im erstmaligen Einsatz von Baustoffen aus Porenbetonrezyklaten in einem Bauprojekt 
[Investigation of the high-quality reuse of mineral demolition material in the first-time use of building 
materials made of autoclaved aerated concrete recyclates in a construction project]: Abschlussbericht 
zum Forschungsprojekt mit dem Aktenzeichen 31711-02 [final report on the research project with the 
reference number 31711-02]

37.	 Volk R, Steins JJ, Kreft O, Schultmann F (2023) Life cycle assessment of post-demolition autoclaved 
aerated concrete (AAC) recycling options. Resour Conserv Recycl 188:106716

38.	 Initial interactive gmbh (2023) Preisliste Sand/Splitt/Schotter [price list sand/split/crushed rocks]. 
https://www.baustoffe-liefern.de. Accessed 6 Nov 2023

39.	 Dyckerhoff (2022) Preisliste Siloware - Grauzement / Bindemittel [price list silo goods - grey cement 
/ binding agent]: Preisliste der Dyckerhoff GmbH, Wiesbaden [price list of Dyckerhoff GmbH, Wies-
baden] ​h​t​t​p​s​:​​/​/​w​w​w​​.​d​y​c​k​e​​r​h​o​f​​f​.​c​o​m​​/​d​o​c​u​​m​e​n​t​s​/​​2​0​9​7​​4​5​/​0​/​P​r​e​i​s​l​i​s​t​e​+​S​i​l​o​w​a​r​e​+​-​+​G​r​a​u​z​e​m​e​n​t​+​+​B​i​n​d​e​
m​i​t​t​e​l​.​p​d​f​/​8​e​5​4​9​7​0​0​-​2​6​a​a​-​a​b​e​3​-​3​f​f​6​-​5​1​f​e​f​a​9​e​0​7​4​c (accessed 21 Nov 2022)

40.	 cemex (2022) Preisliste cemex Zement [price list cemex cement]. ​h​t​t​p​s​:​​/​/​w​w​w​​.​c​e​m​e​x​​.​d​e​/​​d​o​c​u​m​​e​n​t​s​/​​4​
6​1​6​7​9​​0​2​/​0​​/​1​9​1​1​2​5​+​C​E​M​E​X​+​Z​e​m​e​n​t​+​P​r​e​i​s​l​i​s​t​e​+​%​2​8​1​%​2​9​.​p​d​f​/​1​2​b​d​4​1​2​1​-​d​1​5​f​-​2​9​6​e​-​b​4​b​f​-​e​d​1​4​b​6​5​e​
f​4​3​f. Accessed 21 Nov 2022

41.	 Kreft O (2016) Closed-loop recycling of autoclaved aerated concrete. Geschlossener Recyclingkreis-
lauf für Porenbeton Mauerwerk 20:183–190

42.	 Krampitz T, Lieberwirth H, Hartl S, Nüsse A (2022) zerkleinerung von Porenbeton in Konventionellen 
zerkleinerungsmaschinen der bauschuttaufbereitung [Crushing of autoclaved aerated concrete in con-
ventional crushing machines of Building rubble preparation]. Chemie Ingenieur Technik

43.	 Stemmermann P, Volk R, Steins JJ, Beuchle G (2024) Recycling belite cement clinker from post-demo-
lition autoclaved aerated concrete – assessing a new process. Resour Conserv Recycl 203:107404

44.	 Peters MS, Timmerhaus KD, West RE (2003) Plant design and economics for chemical engineers 
(McGraw-Hill chemical engineering series), 5th edn. McGraw-Hill, Boston

45.	 Towler G, Sinnot R (2012) Chemical engineering design, 2nd edn. Elsevier
46.	 Michaud D (2016) Rotary dryer design & working principle ​h​t​t​p​s​:​​/​/​w​w​w​​.​9​1​1​m​e​​t​a​l​l​​u​r​g​i​s​​t​.​c​o​m​​/​b​l​o​g​/​​r​o​t​

a​​r​y​-​d​r​​y​e​r​-​d​​e​s​i​g​n​-​​w​o​r​k​​i​n​g​-​p​r​i​n​c​i​p​l​e. Accessed 20 Sep 2023
47.	 Aspen Technology Inc (2023) Aspen Plus®

48.	 Smith R (2005) Chemical process design and integration: design and integration. John Wiley, Chichester
49.	 Harder J (2014) Trends in the performance management of cement plants (ZKG 5/2014). ZKG 

International
50.	 Destatis (2022) Jahresschätzung arbeitskosten [Annual estimate of labor costs]: arbeitskosten Je gel-

eistete Stunde [Labor costs per hour worked]. Federal Statistical Office
51.	 European Energy Exchange AG (2023) EEX EUA futures Dec/23. European Energy Exchange AG)
52.	 BDEW Bundesverband der Energie- und, Wasserwirtschaft eV (2023) BDEW-Strompreisanalyse Juli 

2023 ​h​t​t​p​s​:​​/​/​w​w​w​​.​b​d​e​w​.​​d​e​/​s​​e​r​v​i​c​​e​/​d​a​t​​e​n​-​u​n​d​​-​g​r​a​​f​i​k​e​n​​/​b​d​e​w​​-​s​t​r​o​m​​p​r​e​i​​s​a​n​a​l​y​s​e​/. Accessed 21 Sep 
2023

1 3

   88   Page 20 of 21

https://www.baustoffe-liefern.de
https://www.dyckerhoff.com/documents/209745/0/Preisliste+Siloware+-+Grauzement++Bindemittel.pdf/8e549700-26aa-abe3-3ff6-51fefa9e074c
https://www.dyckerhoff.com/documents/209745/0/Preisliste+Siloware+-+Grauzement++Bindemittel.pdf/8e549700-26aa-abe3-3ff6-51fefa9e074c
https://www.cemex.de/documents/46167902/0/191125+CEMEX+Zement+Preisliste+%281%29.pdf/12bd4121-d15f-296e-b4bf-ed14b65ef43f
https://www.cemex.de/documents/46167902/0/191125+CEMEX+Zement+Preisliste+%281%29.pdf/12bd4121-d15f-296e-b4bf-ed14b65ef43f
https://www.cemex.de/documents/46167902/0/191125+CEMEX+Zement+Preisliste+%281%29.pdf/12bd4121-d15f-296e-b4bf-ed14b65ef43f
https://www.911metallurgist.com/blog/rotary-dryer-design-working-principle
https://www.911metallurgist.com/blog/rotary-dryer-design-working-principle
https://www.bdew.de/service/daten-und-grafiken/bdew-strompreisanalyse/


Circular Economy and Sustainability            (2026) 6:88 

53.	 GENESIS (2022) Statistik der Kaufwerte für Bauland [Statistics of building land purchase values]. ​h​t​t​
p​s​:​​​/​​/​w​w​​w​-​g​e​n​e​s​i​​s​.​​d​e​s​t​a​​t​​i​s​.​​​d​e​/​g​e​n​​e​​s​i​​s​/​o​n​l​​​i​n​e​?​s​​e​q​​u​e​n​​z​=​s​t​​a​t​i​s​t​​i​k​T​a​b​e​​​l​l​e​n​&​​s​e​l​e​​c​t​i​o​​n​n​a​m​e​=​​6​1​5​1​1​#​a​b​r​e​a​d​
c​r​u​m​b. Accessed 16 Jan 2023

54.	 Humphreys KK (2005) Project and cost engineers’ handbook, 4th edn
55.	 IEA Greenhouse Gas R&D Programme (2008) CO2 capture in the cement industry

Publisher’s Note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

1 3

Page 21 of 21     88 

https://www-genesis.destatis.de/genesis/online?sequenz=statistikTabellen%26selectionname=61511#abreadcrumb
https://www-genesis.destatis.de/genesis/online?sequenz=statistikTabellen%26selectionname=61511#abreadcrumb
https://www-genesis.destatis.de/genesis/online?sequenz=statistikTabellen%26selectionname=61511#abreadcrumb

	﻿Economic Assessment of Post-demolition Autoclaved Aerated Concrete (AAC) Recycling and Subsequent Belite Cement Clinker Production
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿﻿Pd-AAC Supply and Revenue for the Final Product
	﻿﻿Mechanical pd-AAC Processing
	﻿RC-BCC Production from pd-AAC Powder
	﻿﻿Methodology of the Economic Assessment
	﻿﻿Scenario Definition

	﻿﻿Results
	﻿﻿Costs of Mechanical pd-AAC Processing and RC-BCC Production
	﻿﻿Sensitivity Analysis

	﻿﻿Discussion
	﻿﻿Conclusion
	﻿References


