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FuturZement C.1  |  FuturBeton C.1 

nanostructured cement/concrete 
super reactive and more than twice as strong as ordinary concrete at superior 

durability and substantial CO2-emission saving 

Introduction 

Zoz for about 15 years and along with partners from research, education and industry is working on 

the improvement of Portland cement materials mainly by grain refinement and nanoscale activation by 

High Kinetic Processing (HKP). Within this, reproducible strength values > 1 GPa (25 times stronger 

than with ordinary cement!) at substantial increase of early strength as well as the potential of 

quantitative phase transformation were detected [1-5]. In addition, from 2009 the possibility of 

substantial CO2 emission saving through the utilization of HKP-activated "ground granulated blast 

furnace slag" has been explored within a BMBF project (German Federal Ministry of Education and 

Research) that has been completed 100 % successfully with a public bridge made by FuturBeton C.1 

(Fig. 1) as a demonstrator in 2013 [6]. Zoz has been the coordinator of this project. 

   

Fig. 1a-c: concrete prefabrication at Runkel (05.11.2012), set-up of the bridge Rosenthal on 14.11.2012, Olpe/Germany 

Cement/concrete at an annual global production of today about 8 Gt concrete represents one of the 

most important products of mankind and is regarded as the quintessential building material. The 

Portland cement utmost used is known already since the 19
th
 Century where cement itself can even be 

traced back to the Roman period (in this case 100 AD approx.), e. g. to the dome of the Pantheon in 

Rome. Taking into account such long history and vast amounts of production, both, cement 

manufacturing as well as cement/concrete as the material itself appears rather less innovative. The 

major technical characteristic is the compressive strength which is demonstrated for conventional 

materials in the range of 30-55 MPa. Pointed problems are the high energy consumption at high CO2 

emission (particularly during mechanical processing and calcination). In fact the manufacturing of 

each ton of conventional cement causes the gigantic amount of 575 kg of CO2 emissions in average. 

And this is expensive and certainly will become more and more expensive in the future ! 

Available slag cements that can be manufactured comparatively CO2-low exhibit low reaction kinetic 

and also lower ultimate strength. But in particular high early strength allows to build faster and more 

flexible. 

Technical and insofar further economic potential can be pointed for virtually any building material 

and so also here, in higher strength and in increasing a consistent durability - last in particular due to 

the absorption of water in case of concrete. 

Innovation & performance 

HKP systems (Simoloyer
®
, in this case semi-continuous configuration) for the transformation of OPC 

into HPC (Ordinary Portland Cement into High Performance Cement) are supplied for many years, 

particularly to Mexico and India - however without any significant market breakthrough. 

Virtually as the first in-house cement product (together with all BMBF project partners), FuturBeton 

C.1 represents an innovative building material which is produced with FuturZement C.1. For making 
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this advanced cement, ground granulated blast furnace slag (GGBS) as a starting material is activated 

and refined in a continuous Simoloyer
®
 system (Fig. 2) at very short processing time with the 

designed result of a bimodal particle size distribution (Fig. 3) and at the same time a substantial pore 

refinement almost completely into the gel-pores-level (Fig. 4). 

 

1) turbine Zoz SKZ300a 3) screw-feeder Zoz SFV63-20-s1 5) cyclone Zoz ZK100-L 

2) agitated powder container Zoz CS030a 4) HKP-device (Simoloyer® CM20) 6) product container 

material-flowchart: (2)-(3)-(4)-(5)-(6), the turbine (1) supplies the closed carrier-gas circuit. 

Fig. 2: Manufacturing of nanostructured GGBS at ton-range by High Kinetic Processing plant Simoloyer® CM20-20lm-s1 (Zoz builds 

such plants up to 45x larger) with continuous material handling system for cement. It is precisely this "laboratory" system that has been 

used to process the material for the bridge Rosenthal within a 2-weeks / 2-shift operation and with this also the GGBS for the 

demonstrator "front-balustrade Villa ZCS" has been produced. 

The activation of GGBS takes place at nanoscale where the reactivity does not increase linear 

according to the surface area but nearly exponential. Insofar the physical increase of reactivity by 

surface area enlargement is not the only factor. Additionally GGBS is activated by tribochemical 

processes. Untreated GGBS shows little to zero reactivity towards water where on the contrary the 

processed material (HKP-GGBS) reacts towards both, NaOH (Fig. 5) and water (Fig. 6) at 

comparable speed like cements. 

In the next processing step, by weight 30% HKP-GGBS (activated) are simply mixed with 70% OPC 

to FuturZement C.1. In result, the weight-ratio of the HKP-material in the final concrete FuturBeton 

C.1 is only about 5% but provides significant improvement of concrete properties. 

The new compound is characterized by a more than doubled strength at extremely high early strength 

(Fig. 7) and superior durability and does additionally provide enormous CO2 savings (Fig. 8) in the 

production run. 
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Fig. 3a-b: bimodal particle size distribution GGBS, model (l) 

und SEM-micrograph (r) [8] 

Fig. 4: Mercury Intrusion Porosimetry (MIP): GGBS untreated 

(HUSI 00) and HKP-GGBS (HUSI 05+12 [8] 

 

table 1: pore distinction according to Smolczyk 

gel pores capillary pores air pores 

< 0,03 µm 10 - 0,03 µm > 10 µm 
 

 

 

Fig. 5: reaction kinetics GGBS untreated and HKP-GGBS with 

NaOH (Differencial Calorimetric Analysis, DCA) 

Fig. 6: reaction kinetics GGBS untreated and HKP-GGBS with 

water (DCA) 

 

  

Fig. 7: strength profile of FuturBeton C.1 [8] [2013], compare 

Fig. 27 [2016] 

Fig. 8: CO2-emission caused by the manufacturing of HKP-GGBS, 

FuturBeton C.1 and OPC [8] 

Since this is a new building material, reliable aging measurements "on site" are yet to be determined 

in subsequent years by the BMBF partner University of Siegen observing the bridge "Rosenthal". 

However, the very dense packing of FuturBeton C.1 due to the bimodal distribution, as well as the 

substantial pore refinement as well as the reduction of the total pore volume (porosity) of the HKP-

---- GGBS 
---- HKP-GGBS highly reactive 
---- HKP-GGBS lowly reactive 

---- GGBS 
---- HKP-GGBS highly reactive 
---- HKP-GGBS lowly reactive 

time in h time in h 
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GGBS-phase in the two-digit range (Fig. 4) are clear indicators of significant progress and 

improvement. 

 
  

Fig. 9: surface of a cracked specimen FuturBeton C.1, clearly 

observable: all aggregates broken > high strength of matrix & 

interface (higher than the stones !) 

Fig. 10a-b: samples of a finest mortar made of FuturZement C.1 

(forms shining) compared to standard mortar (no shining effects) 

This positive expectation is also supported by carried out laboratory tests and measurements. 

Numerous specimens have been prepared where two phenomena are observable. Samples of 

FuturBeton C.1 that were aged for 1 year under water and then cracked show primary cracking of the 

aggregates (stones) in advance to the hardened binder matrix (Fig. 9) which shows impressively that 

the binder is better than the to be bound material. Given mortar samples from FuturZement C.1 show 

an excellent surface finish according to their preparation (Fig. 10). 

  

Fig. 11: measurement of weathering in relation to freezing-

thawing-cycles, FuturBeton C.1 is ranged far below the limit 

value for concrete 

Fig. 12: length change of FuturBeton C.1 specimens and concrete 

containing untreated GGBS in relation to the storage time in 

defined testing solutions (sulphate resistance) 

Measurements of durability by means of freeze-thaw-resistance (Fig. 11) and the sulphate resistance 

(Fig. 12) show that FuturBeton C.1 provides high durability, better than ordinary concrete and better 

than concrete with the same composition containing untreated GGBS respectively. 

Due to the relatively small proportion of the HKP-material in the final product, large amounts can be 

technically demonstrated easily and this at the same time at economically convincing conditions. 

Insofar a single Simoloyer
®
 CM900-system provides sufficient capacity for an annual production of 

about 43,000 t FuturBeton C.1 then at the same time saving approximately 850 tons of CO2 emissions 

(Tab. 2) ! 

FuturBeton C.1 at its only moderate increase in strength represents just the beginning of a 

development that at general building materials acceptance may lead to multiple times higher strength. 

In the future either way one can build lighter and faster and in result e. g. can build higher, one can 

save gigantic amounts of building materials as well as CO2 emissions which in fact next to cost also 

helps saving space and ground. 

Classification of cements, comparability 

In order to highlight the importance and to categorize FuturZement C.1 res. FuturBeton C.1, at first 

the divisions, classifications and parameters of cements and concretes in Germany must be defined. 

There are so far five main cement types determined, Portland cement (CEM I), Portland composite 

(CEM II), blast furnace slag cement (CEM III), pozzolan cement (CEM IV) and composite cement 

(CEM V) [11]. 
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Cements according to DIN EN 197-1 are characterized by specifying the main type and the standard 

designation, the token's type of cement, strength class 32,5 or 42,5 or 52,5 and the initial strength: N 

(normal initial strength), R (high initial strength) or L (low initial strength, applies only to CEM III 

cements). Ordinary cements with low hydration-heat additionally carry the marking LH, ordinary 

cements with high sulphate resistance the marking SR. For CEM I with high sulphate resistance, 

additionally the C3A-content in the clinker is determined: 

The strength class is defined by the initial strength and the standard strength (Tab. 2). 

strength class 

compressive strength [MPa] 

initial strength standard strength 

2 days 7 days 28 days 

32,5 L - ≥12,0 

≥32,5 ≤ 52,5 32,5 N - ≥16,0 

32,5 R ≥10,0 - 

45,5 L - ≥16,0 

≥42,5 ≤ 62,5 45,5 N ≥10,0 - 

45,5 R ≥20,0 - 

52,5 L ≥10,0 - 

≥52,5 - 52,5 N ≥20,0 - 

52,5 R ≥30,0 - 
Tab. 2: strength class and initial strength of standard cements [11] 

Cements that are used for high performance concretes and ultra-high performance concretes are 

preferably fast hardening cements with high strength, thus 52,5 R-cements. FuturZement C.1, 

according to this classification represents a CEM II/B-S 52,5 R. 

Concretes are classified based on their compressive strength (Tab. 3). 

compressive 

strength class 

fck,cyl 
1) 

[MPa] 

fck,cube 
2) 

[MPa] 

compressive 

strength class 

fck,cyl 
1) 

[MPa] 

fck,cube 
2) 

[MPa] 

C8/10 8 10 C45/55 45 55 

C12/15 12 15 C50/60 50 60 

C16/20 16 20 C55/67 3) 55 67 

C20/25 20 25 C60/75 60 75 

C25/30 25 30 C70/85 70 85 

C30/37 30 37 C80/95 80 95 

C35/45 35 45 C90/105 4) 90 105 

C40/50 40 50 C100/115 4) 100 115 

Tab. 3: Compressive strength class for ordinary and heavy concrete [11], 1) characteristic minimum compressive strength of cylinders (Ø 

150 mm, L = 300 mm, 28 d, in-water storage), 2) characteristic minimum compressive strength cubes (L = 150 mm, 28 d, in-water 

storage, 3) from compressive strength class C55/67: high performance concrete, 4) compressive strength class C90/105 and C100/115: 

general technical approval (abZ) or individual approval (ZiE) required 

FuturBeton C.1 is a high strength high performance concrete. In order to produce high-performance 

concrete, flow aids are required. These are utilized to reduce the water/cement ratio (W/C ratio). The 

W/C ratio determines the strength and porosity of the cured cements caused by the grade of hydration 

and dispersion. Depending on the surface that needs to be wetted, concretes usually exhibit a W/C 

ratio of 0,4-0,45. Then a complete hydration would be given. If this value would be increased to 0,6-

0,7 the samples would "bleed" which means that water would float resulting in a rapidly decreased 

strength, the formation of many pores in the sample at an increased frost sensitivity and shrinkage 

(Fig. 13). 

standard main cement type compressive strength 
 

 

EN 197-1 – CEM II/B - S 52,5 R    initial strength 
 

 

share of  type of grinding additive 

grinding additive blastfurnace: S 

 fly ash: V 

 limestone: L 

 combination: M 
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Fig. 13a-c: influence of the water/cement ratio on the hydration-products and porosity of the cement [12], porosity scheme of different 

concrete classes [13] 

For high-performance concretes such as FuturBeton C.1, the W/C ratio is reduced since non-reacted 

clinker exhibits a higher strength than its reaction products. Since at a lower value, processability and 

in result castability are no longer given, the flow-agents are ultimately required. Without such flow-

agents, a high-performance concrete could not be processed. In result the water-load would need to be 

increased which according to the above criteria would lead to a lowering of strength. In here, also the 

order of mixing and the mixing energy plays a significant role, as it has also been demonstrated in the 

workshops 2015 at India vs. 2016 at China (see in following). 

Cost/benefit, hard facts 

The cost calculation (Tab. 4) based on a Simoloyer
®
 CM900-plant including investment, maintenance, 

labor costs, energy and water as per October 2012 in Germany (in this case energy costs 0,10 €/kWh) 

at an operating time of 6.000 hours p. a. (20h/day, 300 days) and a depreciation period of 20 years 

results in processing costs of about 140,00 €/t HKP-GGBS. These cost only for 5 % contribute as 

additional cost to each ton of FuturBeton C.1 which refers to just € 7.00 per ton only. 

Comparatively OPC concrete at an average raw density of 2.4 kg/dm³ costs about 42,00 €/t. 

FuturBeton C.1 would then cost € 49,00/t and thus only 14% more, assuming that the raw material 

GGBS would be at the same cost level as OPC-raw material. 

One ton FuturZement C.1 would become € 42.00 more expensive and thus the price would far less 

than double. Comparisons with commercially available and by classification produced superfine 

cements at similar strength but at zero CO2 emission saving and comparatively at no potential for 

further strength increase, already at this stage (virtually at laboratory level) provide economic 

superiority. If then taking into account the production numbers CM100-CM400-CM900 (Tab. 4) and 

at the same time consider a possibly potential for further equipment scaling-up, then one might 

speculate what will happen. 

CO2-savings in figures and non-cash benefits 

With a single CM900-system one could over the time of 20 years produce about 43.000 tons of HKP-

GGBS and with its further utilization in cement/concrete (860.000 tons of FuturBeton C.1) and 

compared to conventional OPC could save 17.000 tons of CO2-emission. This does not even take into 

account, that due to the higher strength less material would be needed and that due to the superior 

durability we would need to build less (Tab. 4). 

Simoloyer® unit-size CM20 CM100 CM400 CM900 

production performance [kg/h] 8 40 160 360 

capability daily (20h) [t] 0,16 0,8 3,2 7,2 

capability annual (300 D) [t] 48 240 960 2.160 

capability total (20 Y) [t] 960 4.800 19.200 43.200 

energy per ton [kWh/t] n. a. 347 320 300 

CO2-saving [t] 380 1.900 7.590 17.080 

processing cost (GBBS) [€/t] n. d. 432 200 140 

process additional cost 

FuturZement (GB30:70) 
[€/t] n. d. 130 60 42 

process additional cost 

FuturBeton (FZ1:6) 
[€/t] n. d. 22 10 7 

table 4: HKP-GGBS, processing cost and CO2-saving including investment, maintenance, labor cost, energy and water as per October 

2012 in Germany (in this case energy costs 0,10 €/kWh), resulting additional cost for FuturZement and FuturBeton. 
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The processing costs of 140.00 €/t HKP-GGBS also pays for an emission saving of about 395 kg CO2 

per each ton of replaced OPC-fraction in FuturZement C.1. Should in the worst and nonsensical case, 

this technology be only introduced for saving CO2 and in case all materials benefits and in this case 

also the manufacturing cost of the replaced OPC would be completely erroneously ignored, then 

theoretically every single ton of saved CO2-emission would be paid at 354,00 € (Tab. 5). 

primary target CO2-emission saving, 

additional cost [7] 

Auto 

Fuel 

CM900 

GGBS 

total processing cost HKP-GGBS, 

CO2-saving as a side-effect 

CO2-emission today [g/km] 136 
140 [€/t] total processing cost 

CO2-emission base (target 2015) [g/km] 130 

CO2-fleet-goal [g/km] 95 
395 [kg/t] 

CO2-saving per replaced ton OPC-

fraction in FuturZement CO2 saving (-CE-) [g/km] 35 

CE at 12.500 km p. a. / 12 years [t/vhc] 5,3 
0 !! [€/t] product value share of FuturZement 

additional cost / vehicle (-vhc-) [€] 3.600 

additional cost for CO2-saving [€/t] 678 354 [€/t] total cost for CO2-saving 

Total value share of FuturZement simply ignored (side effect); automotive from million-fold production compared to a 

single Simoloyer® CM900 from individual manufacturing; additional indirect CO2 savings due to less material (higher 

strength and durability of FuturBeton) also ignored. 

Tab. 5: comparison of CO2 emission saving cost automobile vs. total processing cost HKP-GGBS 

In contrast, the most current study for the automobile sector (RWTH Aachen) estimates the additional 

costs upfront the consumer to achieve the CO2-fleet-target of 95g/km of up to 3.600,00 €/vehicle, 

starting from a base of 130 g/km (target 2015; today about 136 g/km). At an average mileage of 

12.500 km per year during 12 years lifetime, this saves about 5,3 t CO2 in total per vehicle over the 

lifespan of 12 years. This would result in € 3.600,00 / 5.3 t CO2 equals to 678.00 €/t [7]. Thus, for the 

same CO2-saving, 2 times more would need to be invested in auto-world where in this case, there 

would also be no quasi-free high-performance cement virtually as a side product on the credit side. 

Since any society can only invest a certain share of their capability in this case for CO2 emission 

savings, in the very logic conclusion we should for now better waive any further CO2 savings in the 

automotive sector and should first replace the OPC in this world by FuturZement C.1. Economic 

compensation could be done e. g. via emission trading ! 

national and global importance: 

Starting from an approximate value of the current global concrete consumption of about 8 Gt with a 

national share in Germany of about 250 Mt - or 3%, at a presumed simplifying autonomous concrete 

production in Germany as well as further simplifying assumption of exclusive OPC-use, the 

technology change to FuturBeton C.1 would result in a saving of nationally about 5 Mt and globally 

about 160 Mt of CO2-emission (Tab. 6). 

volumes and potentials, Germany and globally p. a. DE World share DE 

CO2-emission total [9]-DE, [10]-World 
[Mt] 

850 30.000 2,9 % 

concrete consumption 250 8.000 3,1 % 

 absolute relative 

 

FuturZement, CO2-saving / ton of cement 
[kg] 

118,6 
20 % 

FuturBeton, CO2-saving / ton of concrete 19,8 

 DE World 

CO2-savings-potential (by FuturZement/Beton) [Mt] 4,95 158,4 

CO2-savings-potential (ditto relative) [-] 0,6 % 0,5 % 

Tab. 6: comparison concrete consumption and CO2-savings-potential in Germany and in the world 

Taking into account the reference value of the entire human-caused CO2 emission of about 850 Mt 

nationally [9] and about 30 Gt globally [10], the resulting savings would be 0.6% nationally and 0.5% 

globally ! 
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reminder: 

The CO2-emission-savings-potential would be further potentiated by enormous savings in material e. 

g. also resulting into energy savings (currently up to 50% !!) - and the additional costs FuturBeton C.1 

are only about 7,00 EURO per ton ! 

Market & Ready To Market: 

Potential customers for the new building materials / for the innovation are: a) cement manufacturers 

for the technological change, b) concrete manufacturers that at a) procure FuturZement as a modern 

binder system and c) the construction industry, that with FuturBeton can build eminently faster, 

sleeker, higher, more cost-effective, more durable and also significantly environmentally friendlier. 

FuturZement/Beton is 100 % ready to market. Technologically, otherwise the public bridge could not 

have been built as the BMBF demonstrator. Economically, already the laboratory scale (a CM900 

system does represent such small scale for the conditions of the construction industry) demonstrates 

economy and ecologically there is probably no better way to save such huge numbers of CO2-

emission economically. 

Therefore, it is now essential to convince the market of this market-readiness. Therefore 

demonstrators need to be brought to the world thus access to the market can be achieved. 

A few are done and more striking and publicity effective demonstration buildings are wanted ! 

Realization, Strategy & Planning 

In 2012, already a bridge as a demonstrator of the before mentioned BMBF project [6], in cooperation 

with the county town of Olpe/Germany and Straßen.NRW (street-authorities of the State 

NRW/Germany) has been realized (Fig. 01). It should be clearly pointed out, that the component 

thickness does not reflect the capabilities of the material but the responsibility of a public authority 

and that means in this case, that the execution had to be made geometrically precisely-as if it would 

have been conventional concrete at conventional strength. Insofar innovation here is limited to the 

replacement of the binder without optimization of the building construction. After all, the advances 

remaining are "Durability and CO2-saving" and the beginning is made. 

   

Fig 14a-c: Nanotech Europe 2013 Award made of Zentallium®-rods embedded in FuturBeton C.1 - both are Zoz materials 

In 2013, without real demonstration character but with excellent public effect, the "Nanotech Europe 

2013 Award" has been made from a set of 17 rods of Zentallium
®
 (Zoz super-light-weight material) 

which are embedded in FuturBeton C.1 (Fig. 14). The price sculpture, designed, made and donated by 

Zoz was awarded on 19.06.2013 in Dublin. 

    

1900 2010 2010-2013 2015 

Fig. 15a-d: Villa ZCS at Siegen around 1900, at 2010 in the purchasing state: turrets, tower, balcony and roof balustrade were missing. 

Also with the help of FuturBeton (balustrade, balcony) & Zentallium® (golden roof-crown), the building in 2015 is coming back to 

glamour from the old days. In the basement, a fuel cell for generating electricity and heat is in operation. 
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Two days later, on 21.06.2013, a 6 x 6 meters wide and about 12 tons heavy concrete component / 

roof balustrade from FuturBeton C.1 was installed at the facade of "Villa ZCS" (Fig. 15) located at 

the Zoz site at Siegen right on main street in the very center of the county city. For this in April 2013, 

further 950 kg HKP-GGBS were produced at Zoz virtually under laboratory conditions again, which 

in May were processed at Dyckerhoff to about 3 tons FuturZement C.1. The with this produced 

FuturBeton C.1 then formed the roof balustrade that most widely visible provides best public effect 

(Fig. 16). This insofar represents the 2nd demonstrator however now manufactured and installed 

under self-direction (Zoz and Dyckerhoff). 

Also in the very center of Siegen, during 2013 and 2014/15, 3 bridges were to be renewed. These are 

the Station Road Bridge, Upper Town Bridge and the Apollo Bridge (Fig. 17: front, center res. 

background). At the beginning, Zoz and Dyckerhoff jointly were trying to ensure that also for these 

bridges, FuturBeton C.1 would have be used. In the end, Zoz managed to get all necessary approvals 

from the authorities of Siegen City for the Apollo Bridge to be made by FuturBeton and also had 

convinced the corresponding civil engineering company - but then - and in this very moment, 

Dyckerhoff practically run away ! Today most of the former Dyckerhoff project staff including the 

Director of the Wiesbaden Research Center are not any longer with this former traditional German 

company that earlier was acquired by the Italian Buzzi Cement Group. 

   

Fig 16a-b: 12 tons FuturBeton C.1 including the Zoz-Logo on the way up, Friday, 21.06.2013 

at Siegen/Germany 

Fig 17: to be renewed bridges at 

Siegen 

In February 2014, durability samples of FuturBeton (see also Fig. 9) along with sample-bars of 

Zentallium
®
 (Zoz-super light weight, Al-CNT) and a Zoz H2Tank2Go

®
 (solid-state Hydrogen tank) 

have been installed in the BMBF-nanoTruck (Fig. 18). The inclusion in this " exposition on wheels" 

of the Federal Ministry of Education and Research (BMBF) does not have any economic impact nor 

real demonstration-character but does show the public respect towards those three innovations from 

Zoz. 

   

Fig. 18a-c: the BMBF nanoTruck during OZ-14 at Wenden/Germany, details of the FuturBeton exhibits inside 

In November 2014, the first Zoz-FuturBeton-Eagle (Fig. 19) has been manufactured. After Dyckerhoff 

unexpectedly left the scenery, Zoz had to start learning all the former Dyckerhoff-expertise as well. 

This is how to properly mix super-activated GGBS plus OPC to FuturZement at high intensity and 

this is also how to utilize FuturZement in order to properly prepare FuturBeton using the proper 

aggregates. Next to these technical issues that also include the entire cement/concrete chemistry, the 

biggest and insofar most difficult challenge was/is to achieving general materials approvals. 
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Fig. 19a-c: Zoz-FuturBeton-Eagle, natural, dimensions, golden Fig. 20a-b: sculptures on heritage I at Zoz ZCS 

The FuturBeton-Eagle is now manufactured weekly in order to continuously maintain and improve in-

house concrete-related knowledge and experience. These sculpture-type demonstrators have been 

chosen since Zoz had internal requirement for those for some owned heritages (Fig. 20). Also the 

market of such kind of "garden-sculptures" does not require materials approvals but is sensitive to 

surface quality and durability against climate change and surface-cleaning capability. And finally, 

among "nanostructure products", a non-supported net selling price of EUR 4,30/kg (natural) res. EUR 

6,60/kg (gold) is hardly to be found elsewhere. 

The latter is represented by the total of EUR 650 and EUR 1.000 respectively for the sculptures at the 

main dimensions of L/W/H at 990 x 1.135 x 1.030 mm and a total weight of 152 kg each. At a curing 

time of < 15 h, encasing is done after 16 h at the high early strength of > 25 MPa and a CO2-saving of 

3 kg compared to OPCC (OPC-based concrete). The so far manual manufacturing process takes 30 

min for mixing / preparation, 20 min casting and 10 min vibrating, thus about 1 h in total. 

   

paving stone "Gecko" with 

FuturZement C.1 

laying patterns with pigmented and 

non-pigmented stones 

different stones and logo from 

„washed-out concrete“ 

Bild 21a-c: paving stones, laying patterns and Logo made from FuturZement C.1 

FuturZement C.1 can be applied in many other fields, one is the manufacturing of paving stones. 

Those can be cast with different compositions and demoulded right on the next day. The choice of 

additives and aggregates and/or e. g. coloring by adding pigments is virtually unlimited. So early 

2016, paving stones at very high forming accuracy have been cast with commercially available 

moulds (Fig. 21). As of this forming accuracy, filigree casting works (logos etc.) are possible, which 

becomes particularly apparent at the surface structuring (Fig. 22) of the chosen Gecko-form. 

  
Fig. 22a-b: paving stone "Gecko" and enlarged section view, filigree surface by FuturZement C.1 

Already in April 2014, Zoz became a member of the innovation arena of the German Federal Office 

for Street-Building Affairs (Bundesanstalt für Straßenwesen - BAST). Frankly spoken, here the lesson 

had to be taken, that the single innovation circuit in "German street building" must be expected to take 
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10-15 years ! Taking into account the simple innovation law that the environment likewise the given 

market determines the innovation barriers at its levels, this is not even surprising. The more modern 

and developed the society is, the higher such barriers are which is represented by regulations and 

standards but also by "availability close to satisfaction". 

Insofar also the question needs to be addressed, if in the end the cement- or possibly the steel industry 

will be the drivers for such innovation. The cement industry would see a much better material 

resulting into less materials consumption/business by volume where on the contrary the steel industry 

may see the conversion of a today's waste or near to waste considered material (GGBS) into a 

comparably high level market product in a new business field which with respect to value adding 

appears much more attractive. 

Also it must be questioned, if construction industry is naturally interested in multiplying the durability 

of concrete or not. 

Insofar also here, military consumables (airfields, protection) may play an important role due to the 

extraordinary best property dependency (here: strength and time - high early strenght) and politics 

must also be of importance because most streets, bridges and dams and numerous buildings are public 

undertaken and both, investment and maintenance are a heavy load on the fiscal budgets. 

    

2014 2014 2015 2015 

Fig. 23a-d: Federal Minister Prof. Dr. Johanna Wanka (BMBF) presenting the FuturBeton ProgressReport, Parliamentary State 

Secretary Katherina Reiche (BMVI), Minister Garrelt Duin, Minister Johannes Remmel, each with Prof. Zoz 

At all this, the understanding is very important, that in Germany it has been proven that under the very 

given regulations it is possible / allowed to build a public bridge. However for such undertaking or at 

present any other construction site plan, inside the construction authorities office, some deviation 

from daily mainstream within the legal range of regulation-interpretation is necessary which in fact is 

not only necessary but obviously also allowed and possible (see bridge Rosenthal). And for this and 

insofar for at present each project/product/demonstrator, huge lobby-work with a lot of knocking 

doors is necessary until a major breakthrough maybe in the other country is achieved. 

Searching market breakthrough outside Germany and the EU: India and China 

Looking for any market entry, it has to be realized, that the so-called innovation barriers are then 

particularly high, if the society/the market of the corresponding hemisphere is particularly 

sophisticated. In particular, authorization and approval of new materials in the Federal Republic of 

Germany as well as in Europe after years of efforts arise to be extremely difficult, time-consuming 

and / or expensive. 

 
 

Therefore, in December 2015 in India and in May 2016 in China, a workshop was organized where 

virtually under the eyes of the participants of Indian res. Chinese cement and construction industry as 

well as representatives of relevant authorities, FuturZement|FuturBeton has been demonstrated 

online/onsite. On day 1, FuturBeton was prepared and poured into ASTM test cubes which were then 

encased and samples "destroyed" on day 2 by standard compressive strength tests. 
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Fig. 24a-c: completely wrong: manual mixing does not and cannot lead to representative results nor to enhanced properties of 

FuturBeton concrete 

The results in India were technically a fiasco since an appropriate blending of FuturZement and 

aggregates to FuturBeton could not have been guaranteed. In fact and unfortunately in India it was 

tried to manually, that means by hand-mixing and without any mechanical mixing unit, to produce 

FuturBeton (Fig. 24). This leads to inhomogeneities within the cement matrix and to an increased 

water demand in order to obtain the workability of the fresh concrete. However, as explained above, 

an increased water demand increases porosity while decreasing the strength (Fig. 25). 

   

Fig. 25a-c: concrete poured in test-moulds, manually manufactured test cubes and compressive strength testing device, desolate 

strengths due to inhomogeneities and the lack of plasticizer effect after hand-mixing of the concrete 

After the disaster in India in December 2015, early 2016, the manual hand-mixing process from India 

was exactly reproduced in Germany and the influence of the required high degree of mixing has been 

comparatively analyzed. The result of course confirmed the confident expectation that FuturZement 

only can provide high performance, if homogeneously dispersed in the concrete. 

state of the art 2016-05 redefined in China 

The "learning's" from India taken up in China under strict accordance to the processing instructions, 

the results were outstanding (Fig. 26): 

early strength 45-49 MPa after 20h, final strength 140-145 MPa 

and have redefined the state of the art. The ultimate strength was thereby determined based on 

simultaneous tests in China and Germany. Zoz for this brought over to China two standard test cubes 

from FuturBeton that were previously made in Germany and then tested in China. Simultaneously (to 

the Workshop in Changzhou), other cubes from exactly the same manufacturing series were tested in 

Germany at company Runkel at Siegen and results transmitted virtually online (09:00 am at Siegen = 

15:00 pm in Changzhou). In result, identical final strength values of 140-145 MPa were obtained ! 
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Fig. 26a-c: standard test cubes before and after encasing (left image), the test apparatus at Changzhou (mid), video documentation of 

the experiments (right picture). 

Thus FuturBeton, now not only in its early strength, but also in the final strength, that started in 2013 

with 110-120 MPa and now achieving a value of about 140 MPa, is leveled significantly above all 

commercially available high-strength concrete - and that at today unbeatable economics since there 

has been no change in the manufacturing strategy and insofar no change to the processing cost. 

 

Fig. 27: strength profile of FuturBeton C.1 [2016] 

Figure 27 to that shows the strength profile of FuturBeton by 2016-05 compared to the final strength 

of commercial concretes. 

Integration of FuturZement into a cement plant 

During discussions and negotiations with the cement industry, always it comes back to the question, 

whether the FuturZement process can be integrated into the conventional cement production process. 

In fact, such integration is quite simple, since the super-activated GGBS can virtually be injected by 

an adapted Simoloyer
®
 unit into the commercial manufacturing processing chain of a cement plant to 

then at the end provide Futur-high-performance-cement, utilizing the entire existing technology of the 

cement manufacturing process. 

 

 

Fig. 28a-b: diagram & flowchart for integrating the Simoloyer® process into the conventional cement processing chain 
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Figure 28 illustrates the extension of a cement plant to produce FuturZement. 

What we offer 

Zoz is neither cement nor concrete manufacturer and shall, can and will also not become so. All the 

above activities are aimed explicitly to the goal to be able to provide the appropriate technology. On 

the way to there it is certainly possible to offer - and so already practiced - small amounts of 

FuturZement C.1 e. g. up to 10 tons. 

After losing the cooperating cement partner, Zoz since 2015 is fully able to manufacture itself 

FuturZement where constructions requiring e. g. 50 t FuturBeton can be served within 14 days. This 

refers to FuturZement based on HKP-activated blast furnace slag as well as superfine activated OPC 

(definition then HPPC) as blending/mixture components. 

   

OPC HPPC OPC vs. HPPC 

Fig. 21a-c: optical microscopy of OPC-powder, HPPC-powder, sculpture with complex structure by OPC and HPPC res. [2] 

Benefits for the construction industry, FuturZement vs. HPPC 

The new building material FuturZement/Beton offers greater strength which in most cases results in 

less material to be required for the same result and thus less material cost (cost advantage CA1). Less 

material means less weight and thus one can build lighter and e. g. also higher and sleeker. 

Skyscrapers that today have to be build on a steel framework in the future could be realized in a much 

less expensive concrete base structure. In some cases steel maybe replaced, in some less steel is 

needed (cost advantage CA2). 

cost advantage 
CO2 emission 

reduction relevant 

product relevance 

FuturBeton 

product relevance 

HPPC 

CA1 higher strength > less material    

CA2 higher strength > replace steel    

CA3 higher early strength > build faster -indirect-   

CA4 higher durability > less material    

CA5 higher durability > build less often    

CA6 better surface -little-   

CA7 CO2-savings in manufacturing  huge  

Tab. 7: Advantages FuturBeton and HPPC, CO2-emission relevance 

The new building material FuturZement/Beton offers an extremely high early strength that already on 

the first day equals or exceeds the ultimate strength of conventional concrete (after 28 days). So one 

can build much faster in the future. Saved construction time means construction cost savings (cash 

bond before use) and therefore one can build again more cost effective (CA3). 

The new building material FuturZement/Beton provides a significantly denser packing which means 

that water / moisture virtually cannot penetrate any longer or at least far less resulting in a significant 

improvement of the durability. At concrete constructions that are subject to structural engineering, by 

this once again material can be saved and thus one can not only build more sustainable but also once 

again lighter, higher and now for the fourth time more cost-effective (CA4). More sustainable in this 

case means that over the time one has to build less at the same benefit which insofar for the fourth 
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time means more cost-effective (CA5). FuturBeton achieves a significantly better surface which 

depending on application contributes to cost advantages from little to huge (CA6). 

The new building material FuturZement/Beton offers in its manufacturing route in total a gigantic 

number of CO2-emission savings compared to conventional concrete where next to the concern and 

for the care of our environment, such savings can already today be calculated into Cents and Euros. 

Thus one can therefore build responsible and for the fifth time more economically (CA7). 

And all this at an additional cost of currently 7 Euro approx. per ton FuturBeton. 

Particularly utilizing HPPC that is usually also mixed as a fraction with OPC, more complex and finer 

high-strength structures can be realized (Fig. 29, also 21, 22). By this, one can e. g. manufacture 

concrete facades at better quality with lighter components and even lighter lightweight concrete 

blocks with even better thermal insulation values. 

country 
CO2 emission 

is expensive 

large steel industry, 

GGBS waste product available 
proper answer 

A   FuturBeton 

B   HPPC 

C   HPPC/FuturBeton 

D   HPPC 

Tab. 8: FuturBeton and/or HPPC, where to go and what to do 

In countries where CO2 emission is expensive and where steel industry and therefore GGBS as a 

waste product is available in mega masses, FuturBeton is the right answer. In countries where at least 

one of the two conditions is not given, HPPC will be given priority. Also in HPPC-case still huge 

CO2-emission savings would be generated because the cost advantages CA1-CA5 mentioned above 

apply equally to HPPC and CA1-2 and CA4-5 are directly CO2-relevant. 

CO2-emission-reduction will always win ! 
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