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ABSTRACT 
Pozzolans are a well understood type of mineral that fall into the Class of Supplementary 
Cementitious material (SCMs).  They can substitute for clinker up to a certain level, and so 
creates lower embodied carbon concrete as well creating a denser harder and therefore more 
durable concrete.   
 
Overseas most cements are blended with pozzolans, most commonly either flyash or slag, but 
in NZ this has proven difficult to do so. Also, globally demand for these two SCMs is increasing 
along with the price. 
 
In NZ it is has long been recognised that the Natural Pozzolans available in the central plateau 
can be utilised in concrete, but after a period of use in the 1950s this stopped.  There has been 
recent research including four papers in the last 10 years at this conference, but no commercial 
qunati commercially was ever attempted. 
 
Given their proximity to the pozzolanic and history of mineral processing, HR Cement are 
developing a new pozzolanic cement called Eco-cem that will intergrind Natural Pozzolans 
with clinker in their Tauranga grinding plant.  Pozzolans perform much better when interground 
with the cement to make one uniform product, and so HR Cement have been trialling different 
blends, juggling pozzolans, their percentage replacement, and fineness in order to create a 
cement that performs as close to GP as possible. 
 
 
PREVIOUS RESEARCH 
 
The potential of the Natural Pozzolan deposits in NZ has long been recognised and so 
researched. 
 
During the 1950s – 1980s Roy Kennerley did a vast amount of research, and more recently 
Warren South of Golden Bay both studied the use of NZ’s Natural Pozzolans.  Warren 
presented to conference on the subject in 1998, 2007 and 2009 and in particular his Doctoral 
Thesis1 sets the benchmark.  This paper encouraged the industry to further explore the potential 
and our work began understanding these results with what was possible with more inputs. 
 
 

                                                
1 1 South, W. (2009) A study of the compressive strength and drying shrinkage of cementitious binders prepared 

using natural pozzolans, University of Wollongong, Australia.  Retrieved from http://ro.uow.edu.au/theses/3100/   

http://ro.uow.edu.au/theses/3100/


Also, the Callaghan innovation team of Durant, Bigley and Milestone presented to conference 
in 2014 on their result utilising admixtures as well. 
 
 
HISTORY OF POZZOLAN USE IN NZ 
 
Pozzolanic cements are very common globally and so the potential of the natural pozzolans 
found in the central plateau of NZ has long been recognized.  Volcanic ash deposits from the 
Taupo eruptions have high silica concentrations and so are perfect candidates for use in 
concrete. 
 

 
 
Due to their proximity, Natural Pozzolans were used in the Waikato dam projects in the 1950s, 
but because the two NZ cement plants were far away from the Central Plateau, it was not 
economic to include them in cement manufacture after that and consequently their use fell 
away.  
 
With a grinding mill in Tauranga, HR Cement recognised they are able to economically use 
pozzolans and so the product development process began. 
 
Tangible benefits of Pozzalanic cements 
 
Low Carbon 
Because the reactive pozzolans substitute some of the clinker, Eco-cem is therefore low 
carbon.  Using Ecocem on a typical 250 sq m house floor will save around 4.5 Tonnes of C02 
– which is roughly the same as that produced annually by a typical family car. 
 
Physical properties 
Much reduced Chloride ingress – this will mean significantly increased service life for 
applications subject to chloride attack such wharves, bridges, precast cladding 
Higher 90 day strength – higher strength concretes are much simpler, easier and cheaper to 
produce 
Higher 24 hr strength – advantages for any concrete product manufacturers 
Surface finish on precast – Smoother tighter finish on concrete products 
Chemical resistance -Much improved and so very beneficial for applications such as dairy 
sheds, sewers. 
 
  



Single product 
Very easily used anywhere.  
 
Cost effective 
The goal is to make the cement the same price as GP, but this depends on how far delivery is 
from Tauranga. 
 
This is possible as the raw materials price is a less but the processing costs more which 
balances to an acceptable point. 
 
 
FROM THEORY TO REAL WORLD TRIALS 
 
But taking theory to market involves many more steps as there are many variables.  Good 
cement results don’t necessarily make good concrete, lab trials will give different results to 
operating a 100T ball mill processing 15T/hour. 
 

 
Above: The Roller mill in Mount Maunganui 
 
 
THE LEVERS TO PRODUCT DEVELOPMENT 
 
Making a pozzolanic cement is influenced by four main factors, namely: 

1. Clinker Chemistry 
2. The Pozzolan 
3. Clinker/Pozzolan/Gypsum ratio 
4. Fineness. 

 
Each of these levers has been used to help work toward the desired performance.  And 
unfortunately this has taken much more time than expected!   
 
Initial trials began at a clinker substitution rate of 15%, with some different clinkers.  The goal 
though was to go higher as the greater the percentage the greater the embodied carbon saved. 
 
Further physical tests such as chloride ingress and acid resistance would be done last as the 
expectation was that these would be relatively straightforward.  
 
  



Clinker Chemistry 
In NZ the market has had had two very similar cements for decades.  Consequently there is a 
perception that all cements perform very similarly.  More recently with more cement being 
imported, differences have become apparent. 
 
HR have chosen their clinker from number of options, not the cheapest but because it has high 
proportion of C3S aka Alite, the fast reacting component of cement chemistry.  This gives the 
reaction a good head start and performs better than a local clinker would, for both the GP 
cement produced by HR and also Eco-cem. 
 

 
Above: Storage of the clinker 
 
The Pozzolan 
Choosing a pozzolan has arguably the biggest effect on performance, as seen in Warren 
South’s paper where four pozzolans were trialled with markedly different results. 
 
Warren trialled four pozzolans: 
Rotoiti pumicite, from Te Puke, which performed the best,  
Waikaukau diatomite,  
Ngakuru Diatomite, &  
Amorphous Silica 
 
Each has their own logistic issues, landed price, chemistry, and hardness, which affects how 
they can be processed and so how they can be used and assessed. 
 
There are many different Pozzolan options and for commercial reasons we cannot say which 
have been trialled but it has taken some time to find the right one. 
 
Key factors are: 
 
Availability 
With HR Cement producing 100’000T per year, it’s feasible that up to 25’000T of pozzolan 
would be required per annum. Requiring 500T or 25 truckloads per week is fair sized operation 
and therefore requires an operation of significant resources. 
 
Landed Price 
The price of the pozzolan must be balanced with freight, as like any mineral it does not travel 
well and freight can become a large component of the price any distance from the source. 
  



Hardness 
The hardness of the pozzolan determines how much grinding is required.  Hard sources must 
spend more time in the mill and so reduce hourly production rates and so increase cost. 
One of the pozzolans trialled increased grinding time by 25% and while the strengths were OK 
it just wasn’t economic. 
 
Ratio of Clinker: Pozzolan: Gypsum 
Gypsum is used to control the setting time of the cement and so with a different chemistry from 
the pozzolan, the optimal percentage must be re-established.  
 
Fineness 
Intergrinding (ie grinding the clinker and the pozzolan together) ensures maximum surface 
area of the pozzolan and hence reactivity 
 
Typical fineness for cement is around 320.  Pozzolanic cements are generally finer to ensure 
set times are acceptable and to provide more surface area for the reaction. 
 

 
Above: Grinding balls in the mill: approx. 15-90mm diameter 
 
 
CONCRETE VS CEMENT RESULTS 
 
As combinations were trialled, the different cements were tested at an independent laboratory 
for 1, 2, 7, 28, 56 days 
 
When these results have been acceptable, the product has been tested in concrete. 
 
Concrete Results 
Real-life trials were used in concrete with clients approval on jobs where graded concrete 
wasn’t required, eg, footings. 
 
Initially 20kg was added to be sure strengths were achieved and then when proven, a like for 
like concrete made. 
 
The following shows the very latest test results with the latest iteration of Eco-cem at a like fir 
like substitution.  Given it is normal to have 80% of target strength at 7 days, the trials are on 
track. 
 
 



  
 
THE REGULATORY FRAMEWORK FOR POZZOLANIC CEMENT 
 
Use of Pozzolanic cements has a clear pathway in the regulations: 
 

• NZBC Acceptable Solution B2/AS1, clause 3.1.1 states that NZS 3101: Part 1 Section 
3 is an acceptable solution for meeting the durability requirements of concrete building 
elements.  

• Clause 3.2.2 of NZS 3101:2006 states that “Durability design to this Standard shall be 
based on the use of concrete made with GP, GB or HE cement complying with NZS 
3122 …” 

• Clause 4.1.2 of NZS 3122:2009 ‘Specification for Portland and Blended Cements’ 
defines one possible option for formulating Type GB cement as a blend of Type GP 
cement and “Greater than 10% and less than or equal to 35% of fly-ash or pozzolan” 

• Clause 3.6 of NZS 3122 states that natural pozzolans shall comply with NZS 3123:2009 

‘Specification for Pozzolan for use with Portland and Blended Cement’. 
• Accordingly, we would assume that ensuring the Eco-Cem cement complies with the 

appropriate parts of NZS 3122 and 3123, is theoretically sufficient for demonstrating 
B2 compliance. 
 

Must be specified as a Special Concrete 
In the same way as Fly Ash mixes are required to be specified as Special Concrete, so too will 
Eco-cem mixes. 
 
Given the slower strength gain of concretes with flyash and pozzolan, but also acknowledging 
that they keep gaining strength, 56 day or even 84 day tests will give a better indication of final 
strength.  This is no problem as NZS3104 allows for this in C2.10.2.1: “ It may be appropriate 
to use compressive strength testing at alternative times rather than the normal 28 day period.” 
 
It will be the responsibility of the concrete company therefore to ensure strength results and 
HR will work toward supplying the correct starting point. 
 
Durability 
The standards were written with other blended cements and we commend the foresight of the 
authors of the standards for their vision and openness for a wide range of cements. 
 
However, one area where there is work to be done is for Durability. 
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For extended durability NZS 3101:2006 requires the use of supplementary cementitious 
materials (SCMs) – namely either 30% fly-ash, 65% ground granulated blast-furnace slag or 
8% amorphous silica. 
 
There is no allowance for any other materials.  This is understandable as these three materials 
have been extensively tested. 
 
We have no doubt the results for Eco-cem will be in the same ball park as those listed in 
Section 3 of 3101, as the essential chemistry is the same.  So a significant testing program is 
planned and ready to go to provide the required assurance. 
 
 
CONCLUSIONS 
 
While final product development is not complete, it is clear Eco-cem will be ready to be 
launched soon. 
 
This will finally take advantage of technology that has been recognised since the 1950s, and 
will give the market a cost effective, high performing and low carbon solution that will take 
cement in New Zealand to the next level. 
 
 




