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Envirospheres further submission to ACCC on Coal Reuse 
notification 

Summary 

• Envirospheres is not a disgruntled incumbent which has lost a competitive tender process.  There 
was no competitive tender process.  Coal Reuse was appointed after an expression of interest which 
did not proceed to a tender process. 

• This is not simply a replacement of a previous single source of supply with a new single source of 
supply.  It is the appointment of a new, exclusive provider for a long-term 15-year contract without 
any competitive testing of its offer, on terms far less advantageous to Stanwell for cenospheres, 
without any possible improvement in utilisation in cenospheres, and doubtful capability or likelihood 
of improvement in utilisation of other CCPs.  Coal Reuse is now free from competitive constraint in its 
dealings with Stanwell cenospheres for 15 years. 

• Therefore, even on a like-for-like comparison of the previous cenospheres contract with the current, 
it is clear there has been a substantial lessening of competition and Coal Reuse has obtained a 
substantial degree of power in the markets for cenospheres. 

• The markets for cenospheres are entirely separate from the markets for fly ash and related ash 
products.  There are separate markets for raw and processed cenospheres.  Cenospheres are fully 
utilised and have been for many years.  There is no market development or other public benefit to be 
derived from the notified conduct in respect of cenospheres. 

• Coal Reuse claims it will not be vertically integrated and so will not have the same ‘anti-competitive’ 
incentives as the previous incumbent.  Yet, it has admitted that it intends to start processing raw 
cenospheres so it can sell the far more lucrative processed cenospheres, while at the same time 
being able to potentially source all its cenospheres from Stanwell for free.  Its argument that raw and 
processed cenospheres are part of the same market is incorrect.  It appears Coal Reuse only intends 
to supply raw cenospheres to Envirospheres at greatly inflated prices or require Envirospheres to 
acquire processed cenospheres at the retail rate.  This is a margin squeeze or a constructive refusal 
to supply which Coal Reuse can only achieve by taking advantage of its newly achieved substantial 
market power. 

• Coal Reuse’s argument that it will improve utilisation of CCPs other than cenospheres is not credible 
and the Commission should discount any claimed public benefits. 

• Tellingly, Coal Reuse’s response of 7 October 2014 carefully avoids dealing with the fact that the 
process by which it was appointed was not competitive, that the contract it has secured is for an 
unusually long-term, that it has made a deal where it potentially gets to take cenospheres for free, 
that its dealings to date with Envirospheres have not evidenced reasonableness or openness to 
competitive access to its products and that it intends to exclude Envirospheres from being able to 
process raw cenospheres or sell processed cenospheres in competition with Coal Reuse. 
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With and without test 

This is not a like-for-like swap of suppliers 

Coal Reuse equates the likely state of commercial arrangements with or without the notified conduct: a 
single off-taker from Stanwell for cenospheres.  Therefore, Coal Reuse argues that there cannot be a 
substantial lessening of competition. 

Coal Reuse does not mention a number of crucial differences between the counterfactuals with or without 
the notified conduct.  Without the notified conduct there would have been: 

• a request for tender after the expressions of interest with competitive tender responses on 
Stanwell’s preferred operating model;  

• a short-term contract as in the past; and 

• a non-exclusive supply contract. 

Coal Reuse has asserted to the Commission that its contract is exclusive, as were Envirospheres’ previous 
contracts.  However, in correspondence to the market, Coal Reuse is stating (correctly) that 
Envirospheres had a non-exclusive contract. 

Instead, with the conduct notified, we have an appointment for 15 years on terms that have not been 
commercially and competitively tested through an open tender process and an environment where a 
competitor processor is being actually or constructively refused supply and subjected to a margin 
squeeze. 

Furthermore, whereas Envirospheres never faced the situation of a customer wishing to buy raw 
cenospheres from it to process itself (because of the need for relatively local processing capability), Coal 
Reuse does find itself in that situation.  Envirospheres has already sought and continues to seek access to 
raw cenospheres from Coal Reuse. 

Each of these elements of the counterfactual ‘with’ the notified conduct lead to the conclusion that it is 
inherently less competitive than the counterfactual ‘without’ the notified conduct, and substantially so.  
The arrangement consolidates substantial market power in the markets for raw and processed 
cenospheres in Coal Reuse’s hands.  Its conduct to date demonstrates its incentives and intention to 
leverage that market power to exclude Envirospheres as a competitive constraint. 

Envirospheres is not complaining about damage to itself as a competitor.  It is complaining that the 
competitive process has been (and will continue to be) substantially impaired because Envirospheres was 
denied the opportunity to compete on the merits because of the notified conduct, it will be foreclosed 
from bidding to compete against Coal Reuse for Stanwell cenospheres for at least another 15 years and 
competition will be harmed because a more efficient competitor will be excluded through a misuse of 
market power.  In the meantime, it appears that Coal Reuse is determined to ensure that Envirospheres 
will not be able to make a sufficient margin on raw or processed Stanwell cenospheres (if it is given 
access to them at all – as stated by Stanwell’s own advice to Envirospheres in July 2014, Coal Reuse may 
on-sell cenospheres as it sees fit) to remain competitive against Coal Reuse in the market for processed 
cenospheres. 

In none of its submissions to date has Coal Reuse given any justification for why a 15-year term will not 
have a substantial impact on competition for cenospheres or other CCPs. 

In anticipation that it might argue that it needs a 15-year term to make a return on the infrastructure it is 
investing in, Envirospheres notes that Coal Reuse: 
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• has contracted in such a way that it is potentially getting all its cenospheres for free and can sell 
them at lucrative prices, so it should be able to make a return on its infrastructure investment far 
sooner than if it were actually paying Stanwell for the raw cenospheres;  

• will only to have to make a relatively modest investment in any case to be able to harvest 
cenospheres; and 

• could have contracted Envirospheres to harvest the cenospheres using Envirospheres’ existing 
infrastructure, but chose not to (by offering completely unreasonable terms). 

Envirospheres notes that it had to make a similar investment when it first contracted at Tarong Power 
Station to off-take cenospheres, without the benefit of a long-term contract to underwrite the risk. 

Envirospheres rejects Coal Reuse’s suggestion that it offered reasonable terms which Envirospheres 
refused.  As is manifestly clear from the material Envirospheres has already provided the Commission 
about the terms Coal Reuse offered, they were not reasonable. 

Vertical integration 

Coal Reuse argues that Envirospheres is vertically integrated (with all the ‘anti-competitive incentives’ 
that come with that) but then protests that Coal Reuse will not be vertically integrated because it does 
not consider the supply of processed cenospheres to be any different from the supply of raw 
cenospheres.  These are contradictory positions. 

In its Notification to the Commission, Coal Reuse advised that it intended to be only a reseller of the CCPs 
it acquired.  Yet, it is clear that raw and processed cenospheres are separate products in separate 
markets.  Coal Reuse will not only be a reseller of the CCPs it acquires.  In fact, for cenospheres, it 
appears unlikely it intends to resell them at all, but will instead process them and supply the downstream 
product. 

Coal Reuse then argues that processed cenospheres can be transported anywhere in the world, so the 
market must be a global market, and the Stanwell cenospheres are inconsequential to the overall level of 
competition.  (But, Coal Reuse provides no market share estimates to back up this assertion.) 

Envirospheres repeats its previous position: 

• The processing of raw cenospheres into processed cenospheres is a highly specialised process.  It 
is simplistic to refer to it simply as ‘drying and bagging’ as Coal Reuse has done.  It is essentially 
the same as arguing that you make bread by adding some water to flour and putting it an oven, 
so flour and bread are really the same product in the same market. 

• The price of processed cenospheres is substantially higher than the price of raw cenospheres (as 
Coal Reuse has accepted in its Response Submission). 

• Stanwell cenospheres present particular characteristics that make them unique.  This means 
there is a demand in particular for Stanwell cenospheres for some uses, and few other 
cenospheres are an appropriate substitute. 

The attached email (Attachment A) recently sent from Coal Reuse to Lintech International (an 
Envirospheres customer in the USA) demonstrates clearly that Coal Reuse considers Stanwell 
cenospheres to be unique:  they are ‘very white cenospheres – the quality of these spheres is well known 
globally’. 

In this case, Coal Reuse is specifically marketing Stanwell cenospheres, not CCPs, and confirms the 
existence of a separate, developed and defined market for Stanwell cenospheres. 
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Coal Reuse suggests that there are no real buyers of raw cenospheres of which it is aware other than off-
takers of CCPs from power stations. That may often be the case.  However, Coal Reuse finds itself with a 
customer with ready processing capability in proximity to the source of its raw cenospheres, with 
immediate demand and a willingness and capability to pay, and an existing client base and distribution 
network.  Coal Reuse cannot say it has no buyers of raw cenospheres.  Given the potential near-zero cost 
Coal Reuse faces to acquire the raw cenospheres from Stanwell (since they are likely to be part of the 
20,000 tonnes of free CCPs Stanwell provides annually and Coal Reuse has not denied this to be the 
case), Coal Reuse must justify why it is unwilling to supply Envirospheres raw cenospheres on reasonable 
terms, broadly reflective of its underlying costs and allowing a margin beneath its own retail cost of 
processed cenospheres that covers the cost of the transformation process.  In the absence of such a 
justification, it is difficult to displace the suspicion that Coal Reuse can only and will only engage in this 
conduct because of its substantial market power. 

The email Coal Reuse has sent to Lintech International reveals Coal Reuse’s real purpose.  It  refers to 
having an exclusive 15-year agreement with the ‘Queensland Government’ and to Coal Reuse now being 
the exclusive supplier of up to 12,000 tonnes of cenospheres per year (the full current output of Stanwell 
cenospheres) plus a substantial stockpile.  It states that Coal Reuse is replacing Lintech International’s 
‘previous’ ‘non-exclusive’ supplier Envirospheres.  Apart from the misleading statement that the contract 
is with the Queensland Government, this confirms and demonstrates Coal Reuse’s intention (and 
capability) to exclude Envirospheres from the supply of processed cenospheres (either by denying access 
to raw or processed cenospheres or by charging prices it knows will not allow Envirospheres to compete 
at the retail level).   

Furthermore, since Envirospheres’ last communications with Coal Reuse in September 2014 confirming its 
interest to receive information regarding Coal Reuse’s Open CCPs market arrangements to purchase 
cenospheres, Envirospheres has not received any information from Coal Reuse regarding supply.  
Envirospheres has, however, received feedback from Envirospheres’ own customers that Coal Reuse has 
been approaching them directly to bypass Envirospheres to supply processed cenospheres. 

It is hard to reconcile this with Coal Reuse’s claims to the Commission that it intends to operate a fair and 
open auction and pricing system that will be more competitive than before when it is actively 
demonstrating that it is withholding supply to improve its position in a downstream market. 

Pricing incentives 

Coal Reuse argues that it will not be in its interest to price in a way that makes lower returns for Stanwell 
or costs Stanwell more (through lower sales of CCPs and consequent higher costs of disposal). 

As we have noted above, we believe there are good arguments that Stanwell cenospheres are unique 
and therefore can command a premium price without substantial declines in demand.  Without any 
competitive constraint, and no inherent protection in the pricing system proposed, Coal Reuse has every 
incentive to increase the price of Stanwell cenospheres. 

What’s more, this argument makes no sense with respect to cenospheres.  Stanwell has agreed to let 
Coal Reuse take 20,000 tonnes of CCPs each year at no charge.  Since cenospheres are the more costly 
CCPs, unless Coal Reuse’s contractual arrangement (currently withheld as confidential) with Stanwell 
places limitations on taking cenospheres for free, Coal Reuse must be intending to try and take as much 
of that 20,000 tonnes as it can as cenospheres.  Stanwell is already losing substantial revenue through its 
arrangement with Coal Reuse and will continue to do so with respect to cenospheres.  Any benefits to 
Stanwell from its arrangement with Coal Reuse must be in relation to an expectation of improved returns 
or utilisation of fly ash, not cenospheres.   

It is not legitimate for Coal Reuse to leverage its market power in the cenospheres market to exclude any 
competitive constraint from Envirospheres in order to earn supra-normal profits on cenospheres so as to 
be able to achieve a stronger competitive position and greater efficiencies in another unrelated market 
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(assuming, for the sake of argument, that Coal Reuse is able to deliver on any improvements it has 
promised Stanwell, which must be in serious doubt given its inexperience and conduct to date). 

Unlike Coal Reuse, the previous competitive tender arrangements that Envirospheres’ was subjected to 
every 3 to 5 years to access Stanwell cenospheres, ensured that Envirospheres’ business was governed 
by competitive market forces. 

No public benefits in the cenospheres markets 

Coal Reuse claims that it will reduce the level of CCPs that will go to permanent disposal and increase the 
utilisation rates of CCPs in Australia. 

However, Stanwell cenospheres (specifically those from the Tarong Power Stations) were not going to 
permanent disposal and utilisation rates of these cenospheres by Envirospheres was already approaching 
100%.   

Envirospheres submits that Coal Reuse is not entitled to rely on any posited public benefits in other 
markets to justify a substantial lessening of competition and consolidation of substantial market power in 
the cenospheres market.  Those public benefits could have been achieved without needing to agree a 15-
year contract for cenospheres that protects Coal Reuse from competitive constraints in the original price 
and model it proposes (because there was no competitive tender process at the outset) and during the 
long term of the contract. 

No public benefit in markets for other CCPs 

Coal Reuse has not demonstrated any logical argument that the utilisation rate of CCPs in Australia is 
poor compared to similar industrial economies. Coal Reuse’s own data in its submission to the 
Commission dated 7 October 2014 reconfirms Envirospheres’  own advice to the Commission that the 
utilisation rate of CCPs in Australia on a per capita basis (the only rate relevant for comparison purposes) 
is one of the highest in the world (almost 3 times that of Europe). The fact that Australia has a high 
degree of coal-fired power and a low population actually reinforces the significant use of CCPs in Australia 
compared to the rest of the world. This is, in fact, the opposite of Coal Reuse’s interpretation of the 
statistics in its last submission (dated 7 October 2014).  

In addition, Coal Reuse states that the Australian experience for CCPs largely only reflects the reuse of 
cement-grade fly ash as a substitute for cement and the reuse of cenospheres.  This ignores the 
significant utilisation of bottom ash in the Australian construction industry, which is larger than the 
volume of cenospheres. 

Any significant improvement in the utilisation rate in Australia can only be achieved via changes in the 
method of energy production, that is, less power generated by coal-fired power stations or changes in 
government policy to drive the economic benefit of using greater levels of CCPs. Coal Reuse’s use of ash 
utilisation statistics is also misleading if not also considered with the proportion of power generation in 
the comparison economies produced by coal versus other forms of generation. On this basis, Australia’s 
CCP utilisation rate would compare even more favourably based on 75% coal-fired power in Australia 
compared to less than 50% in Europe and less than 30% in Japan. The significantly higher population 
bases elsewhere also contribute to the overall net CCP utilisation rates. In Europe and Japan, where the 
rates are over 90%, the typical uses of CCPs in these economies are similar to Australia’s. The only 
differences are the higher population bases, lower proportion of coal-fired power generation and the 
significant government incentives that create demand to use CCPs. 

As stated, the typical uses of CCPs in other industrial economies are similar to Australia’s. These are 
primarily in the building industry (including use in cement bound building materials), in civil engineering 
(including road construction) and depleted coal mine backfilling remediation. In Germany, the country 
that Coal Reuse is using as its yard stick for claiming a low CCP usage in Australia, the production of 
black coal fly ash (the same as Stanwell) is around 4 million tonnes per year of which 3 million tonnes per 
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year is used in cement bound building materials. This equates to 75% of the available suitable fly ash 
being used in cement applications.1   

A further 5 million tonnes per year of fly ash in Germany is produced from brown coal (Lignite), of which 
97% is used for the back filling of depleted coal mines. The remaining 3% is used in underground 
mining, for surface restoration, for soil beneficiation, for immobilisation and for the production of cement 
and concrete.2  

These facts demonstrate a number of very important points. Firstly, in Australia, which produces 
approximately 10 million tonnes per year of fly ash (predominately from black coal) of which 
approximately 2 million tonnes per year are used in cement bound building materials, the utilisation rate 
is approximately 20%.  

Whereas, Coal Reuse claims that the utilisation of fly ash in Australia is over reliant on the cement 
industry and that countries like Germany have a much greater spread of utilisation. However, as 
illustrated above, the utilisation rate for suitable fly ash for cement applications in Germany is 75% 
compared to 20% in Australia. 

Secondly, most of the remaining quantity of the fly ash in Germany from brown coal is used in depleted 
coal mine backfilling, effectively giving a total reported utilization rate of over 90% for CCPs in Germany. 

Of the remaining 6 million tonnes of fly ash produced in Germany, approximately 5 million tonnes (83%) 
is used as landfill in depleted coal mines. Overall, the use of CCPs in Germany outside of cement and 
landfill is minimal. Consequently, the claims made by Coal Reuse in its Notification and subsequent 
submissions stating Australia’s poor utilisation performance and high reliance on the cement industry are 
misleading.        

Working on a similar basis, Stanwell’s effective CCPs utilisation rate would also be closer to Germany’s 
(over 90%) as much of its excess fly ash is used as depleted coal mine backfill. As such, Coal Reuse’s use 
of statistics is extremely misleading if comparisons are not made on like conditions. 

The analysis provided in the BauMineral and H.-J. Feuerborn, B. Müller, E. Walter papers confirms the 
significantly different market dynamics for CCPs in Germany compared to our market. Consequently, it is 
unreasonable to suggest that Australia’s CCPs utilization rate compares poorly to Germany. 

Furthermore, Envirospheres understands that the utilisation of CCPs in Japan is also predominately 
cement industry focused.3 In Japan, the actual net level of CCP production is similar to that of Australia, 
however, the significantly larger population base (127 million people) ensures the market has close to a 
100% utilisation rate. 

As the information provided confirms, the main areas of CCP utilisation in Australia are no different to 
Germany and Japan (although Germany and Japan have  the benefit of a significantly larger market for 
CCPs and much lower levels of coal fired power generation). Any apparent suggestion by Coal Reuse that 
it is promoting German and Japanese best practice to increase the rate of CCPs utilisation for Stanwell is 
therefore misleading or misguided.Coal Reuse has not demonstrated any ability that, as a new and 
inexperienced operator in the CCPs industry, it has the capability to make any notable difference to CCPs 
utilisation rates in Australia without significant structural changes to power generation or government 
policy in Australia. 

                                                
1 Brandenbauer, D (BauMineral GmbH, Herten, Germany), “3.7.32 Marketing of CCPs in Germany - Experience of a 
German Company” [Proceedings of the V Conference “Ashes from TPPs: removal, transport, processing and 
landfilling”, Moscow, 24-25 April 2014] – see Attachment B. 
2 Feuerborn, H-J, B Muller and E Walter “3.7.21 Use of Calcareous Fly Ash in Germany” [Proceedings of the 
International Conference “Eurocoalash 2012”, Thessaloniki, Greece, 25-27 September 2012] – see Attachment C. 
3 http://www.flyash.info/2013/006-Moon-2013.pdf (p.11) 

http://www.flyash.info/2013/006-Moon-2013.pdf
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As such, the Commission should discount any perceived public benefit from higher CCPs utilisation rates 
that Coal Reuse is promoting in its notified conduct to justify a substantial lessening of competition in 
cenospheres markets.  No such benefit is likely to arise. 

We also note that in the time it is taking Coal Reuse  to become operational, nearly all CCPs previously 
sold are being sent for permanent disposal. Only cenospheres, which have the ability to float, can be 
stockpiled and harvested later, as long as this is done before the disposal site is full and sealed off.  This 
would be a substantial cost for Stanwell and is a net environmental detriment compared to sale and 
removal of the CCPs (which Coal Reuse is still not able to do). 

Coal Reuse’s comment that there is significant cost for Stanwell to develop a new commercial ash dam is 
also not entirely relevant as any excess fly ash from the Tarong power stations was being sent to 
disposal in the adjacent Meandu coal mine voids, that required fill for future remediation. In fact, since 
Coal Reuse has taken over the CCPs contract with Stanwell, the transition has resulted in millions of 
dollars of lost revenue to Stanwell as well as significantly higher operational costs and environmental 
liability due to the higher ash disposal rate into the aging ash dam at Tarong. 

Coal Reuse’s conduct to date has been detrimental to the public both financially and environmentally. Its 
conduct to date confirms that it intends to profit at the public’s expense via access to free cenospheres 
(previously a significant income source to Stanwell) and abuse of its market power through the new 
cenospheres arrangements with Stanwell that has allowed a substantial lessening of competition in this 
market. 

The main public benefit for Stanwell to potentially pursue such an arrangement for its CCP management 
is to have a clear and concise ash management plan to mitigate environmental risks surrounding ash 
disposal for a possible future sale of the business. However, any such strategic model should be in the 
public’s best interests and be tested in a fair and open competitive tender process to achieve the best 
value for money and operational outcome for the taxpayers. As noted previously, this did not occur. 

Confidentiality 

Coal Reuse has raised concerns about its inability to assess and respond to certain matters Envirospheres 
has raised confidentially with the Commission in its previous submissions.  This despite the fact that 
Envirospheres has not had the benefit of access to the confidential aspects of Coal Reuse’s own 
submissions, and in particular, the terms of the contract it has agreed with Stanwell (even in redacted 
form). 

Envirospheres is comfortable with the Commission disclosing some of the confidential material to Coal 
Reuse as it relates to communications involving Coal Reuse, and so can be shared with Coal Reuse 
without affecting the confidentiality of that information more generally.  To facilitate this, Envirospheres 
is providing a further confidential version of its 2 September 2014 submission removing the redaction of 
confidential material that can be disclosed to Coal Reuse.  This version must otherwise remain 
confidential and not posted on the Commission’s website. 

Other factual matters 

Coal Reuse has made a number of assertions that are factually incorrect.  Envirospheres has not sought 
to correct each of these where they have no bearing on the question of the impact of the notified 
conduct on competition or its possible public benefits and detriments.  This should not be taken as any 
sort of acceptance or admission by Envirospheres that these assertions are correct. 

Conclusion 

Coal Reuse has not put forward sufficient evidence to justify why a 15-year contract awarded without a 
competitive process and putting in place an auction and pricing system that has no competitive 
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safeguards (other than vague incentives to keep Stanwell satisfied) will not give rise to a substantial 
reduction in competition. 

Its intention to vertically integrate and the approaches and representations it is now making to 
Envirospheres’ customers (while still not having made any further attempt to communicate and agree 
interim or ongoing arrangements with Envirospheres itself for toll harvesting or sale of raw or processed 
cenospheres), demonstrates that Coal Reuse is already engaging in conduct that is a misuse of its 
substantial market power and which is likely to have the effect of substantially lessening competition.  It 
is actually or constructively refusing supply to Envirospheres, offering prices that bear no relation to the 
underlying incremental acquisition and transformation costs, with the increasingly clear purpose of 
excluding Envirospheres from engaging in competitive conduct in the markets for raw or processed 
cenospheres. 

The Commission should give Coal Reuse notice under section 93(3) of the Competition and Consumer 
Act. 
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Attachment A  

Email from Coal Reuse to Lintech International 



From: David Wright [mailto:david.wright@he-cg.com] On Behalf Of David Wright 
Sent: Monday, November 17, 2014 2:35 AM 
To:  
Subject: NEW SUPPLIER OF WHITE CENOSPHERES - AUSTRALIA 
 

, 
 
Coal Reuse recently (June 2014) won a contract with the Government of Queensland for exclude 
rights to all CCP’s produced by their Tarong, Tarong North and Stanwell Power Stations.  This 
exclusivity applies for a minimum of 10 years with a five year option and includes access to 
around 12,000 tonnes of annual harvested cenospheres and  a substantial accessible stockpile.  
 
Tarong Power station produces a large volume of very white cenospheres - the quality of these 
spheres is well known globally.  You may be aware of them  - the previous non-exclusive 
supplier was a supplier of yours called Envirospheres. 
 
We are interested in continuing supply to the US market and would like to talk to you about 
whether this is of interest to you. 
 
Kind regards 
 
 
David 
 

 

mailto:david.wright@he-cg.com


 

32034727v16 | Coal Reuse notification – further Envirospheres further submission 10 

Attachment B  

Brandenbauer, D (BauMineral GmbH, Herten, Germany), “3.7.32 Marketing of CCPs in Germany - 
Experience of a German Company” [Proceedings of the V Conference “Ashes from TPPs: removal, 
transport, processing and landfilling”, Moscow, 24-25 April 2014] 



UDC 621.9 

P a r t  3  

ASH AND SLAG HANDLING 

3.7. Analytics 

3.7.32. Marketing of CCPs in Germany - Experience -Report of a German Company 

D. Brandenburger, BauMineral GmbH, Herten, Germany 
 

ABSTRACT 

Over the past years hard coal fly ash produced in accord-

ance with EN 450 has been successfully used in Germany and 

other European countries. More than 75 % of the annually 

produced 4.0 million tonnes of hard coal fly ash in Germany 

has been processed in cement bound building materials. The 

market for such products is today very stable. A decisive fact 

for this development was that the supply of hard coal fly ash 

always met the market needs in both quality and quantity. Be-

yond that there are other factors which influenced the utilisa-

tion of hard coal fly ash. Not only in Germany but also eve-

rywhere in the world the technical advantages of hard coal fly 

ash in cement bond building materials are very well known. 

Nevertheless, it seems to be not possible to utilize hard coal 

fly ash everywhere and to avoid landfilling. This experience 

report delivers an insight which factors played an important 

role in the development of marketing in Germany. 

 

Keywords: fly ash, concrete addition, building material, 

European Standard 

1. INTRODUCTION 

Nowadays, the term “modern” means not only up-

to-date but also seminal and sustainable. Economically, 

socially and ecologically sustainable developments are 

in accordance with sustainability. Thus, modern man-

agement of building materials stands for enduring, 

long-term economic successes that preserve the social 

and ecological environment for future generations. In 

modern societies not only natural raw materials are 

considered as resources. Increasingly materials are fo-

cussed on which have been discredited as waste materi-

als in the past. People learn more and more from nature. 

Nature does not know the term waste. Everything has a 

sense and is basis for something new. 

The concrete addition hard-coal fly ash is a building 

material, which - due to its development, properties and 

effectiveness - meets especially the requirements of sus-

tainability. Worldwide more than 5.5 billion tonnes of 

hard coal per year are mined and for the supply of pri-

mary energy burned. A large part is used for the genera-

tion of electric energy. Based on modern combustion 

technologies approximately more than 600 million 

tonnes of pulverised hard-coal fly ash (PFA) per annum 

are produced worldwide. No resources are used for the 

production of fly ash nor are areas of unspoiled nature 

destroyed because fly ash is a by-product of power gen-

eration in coal-fired power plants. Due to its puzzolanic 

properties, PFA can partly replace cement as a building 

material - cement requires a high energy input for its 

production and it is based on non-renewable raw mate-

rials – as well as naturally occurring rock aggregates 

and fines. PFA improves the properties of concrete in 

which it is incorporated. It has been proven that con-

crete buildings which incorporate PFA are characterised 

by a longer service life and lower maintenance costs. 

Already the Romans knew how to take advantage of 

volcanic ashes as building material. Buildings con-

structed with volcanic ashes as a component of binders 

can still be seen today. Thus, the use of ashes in con-

struction is nothing new. 

The following review shows that Germany world-

wide holds a leading position in the utilization of power 

station by-products especially in the utilization of fly 

ash. One reason for that is that modern building materi-

al management has been successfully practised for 

many decades. The following retrospective delivers an 

insight into the historical development. 

2. THE DEVELOPMENT OF HARD-COAL FLY 

ASH AS BUILDING MATERIAL 

2.1 Building engineering code 

Today, Germany holds a worldwide leading position 

in the utilization of power station by-products especial-

ly in the utilization of hard-coal fly ash. In Germany 

hard-coal fly ash has been utilized in concrete since the 

1940s. The outstanding properties of hard-coal fly ash 

have been recognized in the course of time and con-

firmed by numerous scientific studies. 

Extensive research already in 1965 revealed that 

with mass-concrete at least 50 Mass-% of cement could 

be replaced by hard-coal fly ash, and with reinforced 

concrete it have been at least 20 Mass-%. At that time 

the pioneers were aiming at achieving technical and 

economical effects by utilizing PFA for concrete manu-

facturer. Protection of environment and resources cer-

tainly played a minor role and was not a primary goal. 

On the basis of comprehensive research results, in 

1966 an application was submitted for a general build-

ing supervision approval for EFA-Füller® as a substi-

tute material for cement used in concrete and reinforced 

concrete. The building and concrete code in force until 

then - DIN 1045, Edition 1959 [1] - Stipulation of Min-

imum Cement Contents - did not envisage such an ap-

plication. The application resulted on 29th June 1970 in 

the first approval notice for EFA-Füller® RM [2]. The 

findings gained by the pioneers in the use of fly ash, to-

gether with the users, were taken over for the first time 

for the Standard for the Production of Concrete. 

Another development step became apparent with the 

publication of the Yellow Print of the subsequent DIN 

1045/72 in 1968 [3]. It was stipulated that, henceforth, 

hard-coal fly ash could be added to the cement content 

to the same extent as regulated by the building supervi-

sion approvals. 

http://osi.ecopower.ru/en/ash-handling/itemlist/category/122-32-системы-золошлакоудаления-тэс.html


In the subsequent years, but especially after the in-

troduction of DIN 1045/72 concrete standard, applica-

tions have been submitted in the German Federal Re-

public for the approval of the increased incorporation of 

hard-coal fly ash as a concrete addition. The approvals 

were granted by the Deutsches Institut für Bautechnik 

(German Institute for Building Engineering) in Berlin, 

and corresponding test certificates were issued. 

The standardization has a special place in construc-

tion. New developments may actually only be intro-

duced via definitions in standards into practice and thus 

generally applied. Before new building products and 

new application rules can find its way into the building 

standards, an intensive cooperation in standardization 

and technical committees is required. This work the 

Bundesverband Kraftwerksnebenprodukte e. V. (BVK) 

has taken over since 1976.  

In 1994 CEN adopted EN 450 as a European stand-

ard. In the subsequent year DIN EN 450 [4] was intro-

duced in Germany as an official building material 

standard. Since then hard-coal fly ash has been accepted 

as a standard building material. The state of knowledge 

achieved with hard-coal fly ash was reflected in DIN 

EN 450 as well as in the application rules of other 

standards. This forms the basis for the successful use of 

hard-coal fly ash as a concrete addition and for its mar-

keting as a building material. 

2.2 Economical and social influences 

First steps in the development of PFA as a building 

material were closely connected with the development 

of concrete as a building material and in general with 

the development of the building in an industrial scale. 

Concrete which increasingly has been produced indus-

trially in stationary batching plants and the increasing 

monolithic way of construction influenced more and 

more the construction industry. The need for high-

quality building materials increased rapidly especially 

in the course of general and economic development of 

Germany after the World War II. Financial scarcity and 

the scarcity of natural resource helped to look for more 

cost effective solutions at the same high level of quali-

ty.  

As a further point which should be not underesti-

mated why the utilization of PFA as an economic line 

of business in Germany has established has to do with 

population density. The transportation costs have a sig-

nificant influence on the coal combustion by-product 

business. Long distances of transportation lead to high 

transport costs, which ultimately must carry anyone. If 

the utility is not willing or able to take them over, the 

user of the materials must be prepared to absorb corre-

sponding costs. A market-based environment with the 

free play of supply and demand helps to produce an 

economic optimum. In Germany at present a little bit 

more than 40 million m
3
 of ready mixed concrete are 

produced in an industrial scale. The production is very 

stable at this level and is comparable to the per capita 

production of concrete other developed industrial coun-

tries. Starting from the total area of Germany in average 

more than 100 m
3
 of ready mixed concrete are produced 

per km
2
. In this quantity of ready mixed concrete 2.5 

million tons of PFA are used which is a bit more than 

60 kg per m
3
 of ready mixed concrete on average.  

Power station operators benefit from that develop-

ment. They can be sure to sell its products in an ever-

renewing market. The investment to open this market 

needs to be done only one time. The sales of PFA 

which fulfils the requirements of EN 450 and where ca-

pacities for the storage and loading of PFA are available 

generate revenues. From these revenues German utili-

ties cover expenses for the generation and provision of 

high quality products today. This has been different in 

the past. At the beginning utilities had to calculate the 

utilization of PFA against the costs for disposal. 

Amongst other things, driven by the social and political 

conditions in Germany money which has been spent to 

cover the expenses for disposal became increasingly in-

vested in the recovery and the development of a market 

for PFA. Supply and demand were more or less ran-

domly in no mismatch, so that even from that point of 

view a free market could develop. 

2.3 Marketing volumes 

Concrete technology without PFA is now unthinka-

ble in Germany. Most of the concrete produced in Ger-

many now incorporates hard-coal fly ash as a concrete 

addition.  

Since the middle of the 90th the use of PFA as an 

addition in ready-mixed concrete has remained almost 

constant at between 2.1 and 2.5 million t [5]. This level 

has been maintained even though the ready-mixed con-

crete industry suffered a drastic decline during the same 

period [6].  

From the western part of Germany PFA is exported 

to Belgium and the Netherlands since close to the bor-

der a high production is available and customers abroad 

can be supplied cost-effective due to short transport dis-

tances. In East Germany, along the borders with Poland 

and the Czech Republic, however, the availability of 

PFA is low. German customers in this region are sup-

plied from foreign power plants. PFA with certificate 

according to EN 450 is traded across borders since 

middle of the 1990
th

 increasingly. Meanwhile, long-

range trade structures have been developed primarily 

based by water which connects Northern, Middle and 

Southern Europe. PFA is recognized throughout Europe 

as a building material and is increasingly in demand 

from the European building material and construction 

industry. 

In regions where PFA sufficiently is available and 

thus the concrete industry can rely on a supply meeting 

the demand, on average not less than 60 kg of PFA per 

m
3
 of ready mixed concrete could from a technical 

point of view easily be used. The current demand for 

high-quality PFA for ready-mixed concrete, for the 

production of concrete products, for mortar production 

and in other cement-bonded building materials, is in the 

order of 3.8 million tonnes per year. Beyond cement-

bonded building materials 0.2 to 0.7 million tonnes of 

hard coal fly ash are used in other application like 

earthworks, civil engineering and road construction. 

Only a very small amount is taken over by the cement 

industry for the production of blended cement. 



3. MODERN BUILDING MATERIAL 

MANAGEMENT FUNDAMENTALS FOR 

HARD-COAL FLY ASH 

In Germany almost 100 % of the PFA produced in 

hard coal fired power plants is utilised most of it in a 

dry state. Hard coal fired power plants do not need dis-

posal sites any more. The entire production is marketed 

domestically or cross-border. The successful marketing 

of PFA requires specialized companies which have cor-

responding know how in building materials science, lo-

gistics and an extensive knowledge of the market. 

But also the power station operator needs to meet 

certain requirements. An appropriate market for coal 

combustion by-products can develop only there where 

utilities are interested to market their by-products and 

where economy and ecology are in harmony with each 

other and an important corporate goal. 

Modern building materials management presuppos-

es direct contacts with the buyers. Only those who are 

familiar with the specific requirements of their clients 

are able to offer competent and consistent solutions. In 

the marketing of hard-coal fly ash the respective dealers 

have always concerned themselves with the specific 

demands of the buyers. In an every growing number of 

cases the application of hard-coal fly ash has repeatedly 

proved to be the most effective answer to the technical 

and technological questions of buyers in the field of 

concrete. 

Close co-operative ties between the hard-coal fly 

ash sellers and buyers have always resulted in a process 

of rapid feed-back. Consequently, direct access to the 

final consumers which means to the concrete market 

remains the principal precondition for the successful 

sale of hard-coal fly ash, and everything possible is be-

ing undertaken to ensure that this direct access is also 

maintained without any restrictions in the future. 

Another important criterion is the quality of the 

products and services within the framework of supply-

ing hard-coal fly ash. Clients expect a uniform building 

material in keeping with generally valid rules and 

agreed specifications so that they can adapt their prod-

ucts accordingly. And the minimum requirements ex-

pected of hard-coal fly ash as a concrete addition are 

defined in DIN EN 450-1. Quality-orientated control of 

fly ash production according to characteristic values 

such as ignition loss, fineness and free lime content, the 

composition of the fuels and specifically adjusted plant 

parameters such as the sifter, burner and coal mills, 

have long been state of the art in German hard-coal-

fired power stations. Standard product properties are 

ensured within the framework of in-house production 

control and quality assurance in keeping with DIN EN 

450 “Fly Ash for Concrete - Part 2: Conformity evalua-

tion” [7]. 

The quality of the rendered service is just as im-

portant for the client as the actual quality of the given 

product. Logistical problems on account of insufficient 

storage capacity in power stations are a matter of the 

past. Large silos are available at virtually all power sta-

tion locations to avoid supply bottlenecks. The largest 

at present available silo in Germany for the intermedi-

ate storage of PFA has a capacity of 80,000 tonnes. 

Modern loading equipment ensures that a smooth sup-

ply of fly ash can be maintained by road, rail or water-

way transport. Requirements-conform availability of 

hard-coal fly ash is therefore now always assured. 

Last, but not least, there is marketing that forms the 

basis of modern building materials management. A dis-

tinction is made between technical and commercial 

marketing. 

Technical marketing involves the measures that are 

necessary to maintain and improve the technical appli-

cation possibilities. This also includes the work of tech-

nical bodies and standardisation committees which is 

primarily conducted by the European Association for 

Power and Heat Generation VGB PowerTech e.V. 

(VGB) with the support of BVK. Furthermore, BVK is 

also concerned with public relations activities and 

drawing up material and application related market in-

formation as a major contribution towards strengthen-

ing the image of PFA as a building material. 

4. HARD-COAL FLY ASH AND ECOLOGY 

It is not only in Germany that ecology subjects are 

playing an ever-growing role in social awareness and in 

other spheres. The generation of energy in future is be-

ing discussed in all social areas in the light of this as-

pect. Hard-coal will continue to remain at least medium 

term a mainstay energy carrier and account for a signif-

icant share of the supplied forms of energy. Public ac-

ceptance of hard-coal power stations is of particular in-

terest to the operators of such modern power generating 

facilities. Currently, approximately 30 % of the invest-

ment costs for modern hard-coal power stations are de-

voted to facilities that keep the environment clean. 

Nowadays, such installations and their efficient opera-

tion form an integral part of the process to generate en-

ergy from hard coal. In future a continued high ac-

ceptance level of hard-coal-fired power generation will 

only be assured in its entirety, i.e. commencing with the 

purchase of the coal to the operation of hard-coal-fired 

power stations and the economical use of the firing res-

idue by-products. 

The fly ash invariably produced during the genera-

tion of electricity from hard coal is an outstanding ex-

ample in this context. In modern hard-coal power sta-

tions it is possible to produce hard-coal fly ash in such a 

manner that it can be economically recycled for com-

mercial use without involving any additional cost-

intensive processing operations. 

The use of PFA can eliminate the need for cost-

intensive landfills so that the land can be used for other 

purposes. In a densely populated country like Germany 

it will be extremely difficult to find such suitable land 

in the vicinity of power stations. Moreover, such land-

fills represent an additional environmental hazard and 

do not exactly contribute to the general acceptance of 

hard-coal power stations. Therefore modern power 

plant operators invest in the utilization activities instead 

of binding their capital with the construction and opera-

tion of landfills, which are always limited in terms of 

their capacity. The marketing of PFA in concrete is 

once established a perpetual ongoing process since the 



demand for high quality building materials regenerates 

constantly. 

The effects of economical resources management 

through the use of PFA as an addition for concrete are 

particularly diverse. For instance, the hard-coal fly ash 

actually replaces some of the cement that is used to 

produce concrete. Consequently, considerable quanti-

ties of limestone, as the principal raw material for the 

production of cement, do not have to be quarried. This 

also means that the energy intensive and environment 

burdening process of cement production can be dimin-

ished accordingly. 

Although the market prices for CO2 emission certifi-

cates are currently on a very low level the reduction of 

the emission of CO2 plays further an important role in 

the building material industry. PFA contributes to save 

CO2 emissions. The cement industry is particularly af-

fected by the limitation of the emission rights. The pro-

duction of one tonne of CEM I releases approx. one 

tonne of CO2. This amount of CO2  is not only due to 

the firing process that supplies the energy for the chem-

ical transformation of limestone into cement clinker. A 

considerable share of the carbon dioxide is also the re-

sult of calcination (process CO2) and therefore unavoid-

able. Moreover, the use of specific fuels hardly offers 

any scope for a further reduction because the theoreti-

cally minimum amount of necessary energy has been 

almost reached. Small amounts that can be disregarded 

compared with the first ones mentioned can be attribut-

ed to electricity consumption. 
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Figure 1 - CO2-balance in the production of CEM I 

 
Modern building materials technology takes this in-

to account. Through the use of cement substituting sub-

stances, CO2 emissions are reduced. In many European 

countries, this topic is both technically but also in terms 

of the available quantities of industrial by-products al-

ready exhausted. 

The utilisation of hard-coal fly ash counts three 

times concerning ecology. At first disposal of ash is 

avoided; at second natural resources can be saved and at 

third due to its properties the durability of the concrete 

enhanced hence as much as possible PFA should be 

used in cement bond applications.  

5. CONCLUSION AND OUTLOOK 

In Germany today a stable market for PFA is avail-

able. Modern concrete technology without PFA has be-

come indispensable in Germany. Many points have 

contributed to this development. In Germany, the de-

velopment has been dominated by market economy 

principles and the free play of supply and demand. 

Technical developments and a corresponding marketing 

did of course not fail the desired effect. Today utilities, 

companies, which have specialized in the marketing of 

such products and the building material industry, partic-

ipate from this development. Last but not least the envi-

ronment participates on three accounts.  

Through the use of PFA approximately 3 million 

tons of CO2 are saved annually. Landfills, which 

properly executed cause significant costs and also pose 

an environmental risk, are no longer required. 

Increasingly the decision of the German government 

to generate electricity more and more from renewable 

sources affects the business. The consumption of hard 

coal for the production of electricity is declining, which 

inevitably has diminishing quantities of coal combus-

tion by-products as a result.  

Which impact these developments will have on the 

market for coal combustion by-products remains to be 

seen. 

 



 
 

Figure 2 - Integration of the three sustainability dimensions by appraisal along the value-added chain [8] 
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ABSTRACT 

In German lignite fired power stations about 10 million tonnes of 

ashes and 5 million tonnes of flue gas desulphurisation gypsum are 

produced every year. Most of the ashes are used for the refilling and 

reclamation of depleted opencast lignite mines. Furthermore, they 

are used in underground mining, for surface recultivation, soil 

beneficiation, cement production and as addition to concrete. FGD 

gypsum is used in the gypsum and cement industry and increasingly 

as fertilizer and soil conditioner. 

The utilisation of the calcareous fly ash from lignite fired power 

plants is depending on their chemical, mineralogical and physical 

properties. These properties are influenced by the power plant 

technology, the source of coal as well as the type of coal feed. A 

constant product quality is of greatest importance for utilisation in 

hydraulic binders, cement and concrete. 

The paper deals with the utilisation of calcareous fly ash from 

lignite fired power stations in Germany, existing fields of 

application and results of recent research work regarding their 

utilisation in blended cement. 

Keywords: lignite, calcareous fly ash, properties, 

reactivity, utilisation, reclamation, mine fill, soil 

beneficiation, blended cement, concrete  

1. INTRODUCTION  

In Germany, the share of energy and steam production by 

coal in 2010 amounted to 42.4 %. In 2010, about 44 million 

tonnes of coal and about 150 million tonnes of lignite were 

burned in coal and lignite fired power plants. By this, about 

22 million tonnes of coal combustion products (CCPs) were 

produced including about 9 million tonnes of fly ash and 

about 5.5 million tonnes of FGD gypsum from lignite. The 

utilisation of fly ash is influenced considerably by their 

quality, i.e. primarily by the fluctuations of the chemical and 

physical properties. Regarding this, coal fly ash has more 

favourable prerequisites than most lignite coal ashes whose 

composition is subject to comparatively larger fluctuations. 

FGD gypsum is nearly completely used as a replacement for 

natural gypsum in the gypsum and cement industry as well as 

for agriculture.  

Lignite fly ashes are predominantly used for refilling 

opencast mines, partly after treatment with water or water 

from flue gas desulphurisation (FGD water) in order to form 

stable hydration products. Furthermore, the ashes are used in 

underground mining, for surface restoration, soil 

beneficiation, immobilisation purposes as well as for cement 

and concrete production. For the use as concrete addition a 

technical approval was issued, which shows that the 

properties of the fly ash complies with the requirements of 

DIN EN 450 “Fly ash for concrete”. The recent research 

work focussed the use in blended cement production. Fly ash 

was also used in pilot projects for hydraulic road binders and 

for blended cement CEM II-B (W-LL). 

2.  LIGNITE MINES IN GERMANY 

In Germany, mining of lignite is concentrated in four 

regions where lignite is exclusively extracted in opencast 

mines (see figure 1). In 2010 in total 169.4 million tonnes of 

lignite were mined in the Rhenish area in the western part of 

Germany near the town-triangle Köln-Aachen-

Mönchengladbach (54 % by mass), the Central German area 

near Leipzig (12 % by mass), the Lausitz area in southeast of 

Brandenburg and northeast of Saxony (33 % by mass) and 

the Hirschberg mine near Helmstedt (1 % by mass) [1].  

Most of this lignite is burned in big power stations nearby 

the mines, lignite dust and briquettes are transported by train 

or trucks to customers. 

 
Fig. 1. Lignite mining areas in Germany [1] 

3.  PRODUCTION OF CCPS IN LIGNITE FIRED 

POWER STATIONS  

CCPs in lignite fired power stations cover mostly fly ash, 

bottom ash and FGD gypsum from flue gas desulphurisation 

of dry bottom boilers (see figure 2). In most of the lignite 

power plants pulverized fuel is used. Lignite is ground to fine 

dust in coal mills and is pneumatically fed to dust burners. In 

the furnace of the power plant the pulverised lignite is 

combusted. The heat produced heats the water in the water-

steam-circuit, the developing steam powers the turbine. A 

minor part of the mineral matter from the lignite falls down 

to the bottom of the furnace where it is removed as bottom 

ash in a water bath. The major part of the ash of 

approximately 80 % of the mineral matter is carried along 

with the flue gases to the electrostatic precipitator. The ratio 

of bottom ash to fly ash volumes produced in lignite power 

plants is roughly 1 to 4. After dust separation in the 

electrostatic precipitator (ESP) the sulphur is removed from 

the flue gas in the flue gas desulphurisation (FGD) unit, 

where FGD gypsum is produced. The clean gas, free from 

dust and sulphur is carried off via the chimney or the cooling 

tower.  
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Fig. 2. Combustion process and CCPs in a lignite fired power 

plants 

In table 1 the statistical figures regarding origin and utili-

sation of CCPs in Germany in the year 2010 for lignite fired 

power plants are listed [2]. In total, approximately 15 million 

tonnes of CCPs were produced including 8.5 million tonnes 

of lignite fly ash, 1.6 million tonnes of bottom ash and 4.8 

million tonnes of FGD-gypsum. 

Table 1. Production and utilisation of CCPs from lignite-

fired power plants in Germans in 2010 [2] 

 Capacity in 

[MWth] 

 68.870 

 Burnt coal in 

[million 

tonnes] 

 150 

 CCP production utilisation 

   restoration/ 

reclamation 

others 

  million tonnes % % 

 Bottom Ash   1,63   97   3 

 Fly Ash   8,47   97   3 

 FBC-Ash   0,33 100  

 FGD-Gypsum   4,83    5  95* 

 Total 15,26   62 38 

   * 16 % by mass of this amount on temporary stock 

4. UTILISATION OF LIGNITE FLY ASH 

The utilisation of fly ash is influenced considerably by 

their quality, i.e. by the fluctuations of the chemical and 

mineralogical composition as well as the physical properties. 

Regarding this, coal fly ash has more favourable 

prerequisites than most lignite fly ashes whose composition 

is subject to comparatively larger fluctuations. The fluctua-

tions of chemical parameters of lignite fly ashes from Ger-

man power plants in different mining areas are given in table 

2 [3]. It has to be considered that the fluctuations of fly ash 

from single power stations are much smaller.  

The biggest fluctuations are observed with SiO2 which is 

caused by sand layers in lignite seams. Fly ashes of the 

Rhenish and the Central German area show high amounts of 

lime and sulphur compared to those from the Lusatian area. 

The amounts of reactive silica, lime, free lime, magnesium 

oxide, aluminium oxide and sulphur, as well as amorphous 

material, are markers for reactivity and also for potential 

fields of utilisation.  

In 2010, about 97 % by mass of the fly ash from lignite 

combustion is used for the refilling and reclamation of de-

pleted opencast lignite mines [2]. The remaining 3 % were 

used in underground mining, for surface restoration, for soil 

beneficiation, for immobilization and for production of ce-

ment and concrete. 

Table 2. Fluctuations of major and minor chemical pa-

rameters of lignite fly ash from German power plants in 

different mining areas [3] 

  Mining Area 

 Para-

meter 

Rhenish Area Central German 

Area 

Lausitz Area 

  [% by mass] 

 SiO2 20 – 80 18 – 36 32 – 68 

 Al2O3 1 – 15 7 – 19 5 – 14 

 Fe2O3 1,5 – 20 1 – 6 6 – 22 

 CaO 2 – 45 30 – 52 8 – 23 

 CaOfree 2 – 25 9 – 25 0,1 – 4 

 MgO 0,5 – 11 2 – 6 2 – 8 

 K2O 0,1 – 1,5 0,1 – 0,5 0,5 - 2 

 Na2O 0,1 – 2 0,01 – 0,2 0,01 - 0,2 

 SO3 1,5 – 15 7 – 15 1 – 6 

 TiO2 0,1 – 1 0,5 – 1,3 0,2 – 1 

 Cl < 0,2 < 0,1 < 0,02 

 C < 2 < 1 < 2 

 LOI max 5 max 5 max 5 

 

The prerequisites for some of these application areas as 

well as existing limit values in standards or regulations will 

be described below. In addition, a specific project for soil 

beneficiation as well as the results of research and pilot 

projects for fly ash in hydraulic bound roads and for cement 

production (CEM II-W) will be presented. 

4.1. Refilling of depleted opencast lignite mines 

Based on the German mining regulation [4] the depleted 

opencast mining areas have to be refilled, or at least partly 

refilled, for agricultural and forestry purposes. As this law is 

strictly binding the largest share of the ash is used to reduce 

the mass deficit produced by lignite mining. For this, the 

ashes have to fulfil the requirements of the Landfill Directive 

[5]. 

Refilling opencast mines is practiced in different ways in 

the mining areas of Germany. In the Central German area 

water treated fly ash is refilled. Water treatment is performed 

to slake the free lime which could cause unsoundness of 

compacted layers in contact with water. The self-hardening 

properties of the fly ash form stable monoliths over time. In 

the Lusatian area moistened fly ash is used for refill, partly 

moistened with water from flue gas desulphurisation (FGD 

water). In the Rhenish area fly ash is mixed with FDG water 

to provide a good basis for stable and long-term resistant 

bodies. Depending on their origin lignite fly ashes have 

different self-hardening properties. During the complex 

process of hardening and further hydration new minerals 

grow in porous structures leading to a reduced pore volume, 

increasing density and strength of the structure and hence to 

reduced water permeability. 

In dependence of the application, i.e. bank stabilization, 

safety measures or refill of mines, the mix of fly ash and 

FGD water has to meet special requirements regarding 
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compressive strength, water penetration and leaching. The 

refill of mines is monitored by the local mining authorities. 

Materials used for this purpose are defined in the mining and 

restructuring plan of the mining company and need to be 

approved by the authorities [6]. 

4.2. Infill of underground mines 

In underground mining lignite fly ash is used as a constit-

uent of binders or directly as sealing and stowing material. 

Mining mortars are predominantly used for consolidating the 

roadway supports and backfilling of mine galleries. They 

also serve for building up load-bearing and solid edge dams 

as well for stowing and damming abandoned mines. Due to 

their self-hardening properties they are also used directly for 

underground mine fill. For this, a slurry is pumped to the 

underground galleries. After setting and hardening the 

strength formation is controlled.  

The use of lignite fly ash in underground mining has to 

follow the mining regulation and the approval of the 

responsible mining authorities. The requirements to be met 

are different in each country.  

4.3. Soil beneficiation 

Lignite fly ash is an effective agent for chemical and/or 

mechanical stabilization of soils. This soil beneficiation is of 

special importance in road and railway construction. Fly 

ashes rich in lime are effective for stabilizing soils, due to the 

amount of free calcium oxide. Those with low lime content 

can be used in combination with cement or lime for the same 

purpose.  

Sand and gravel with small grain size distribution are 

beneficiated with fly ash to increase the fine fraction smaller 

than 0.063 mm. Clay soils are treated to mitigate the 

volumetric changes of the clay soil due to fluctuating 

moisture content by binding the soil particles into a fixed 

matrix. Another application of lignite fly ash is the 

stabilization or strengthening of a soil, such as the treatment 

of soil to improve its bearing capacity, the stabilization of 

backfill to reduce lateral earth pressure, and the stabilization 

of embankments to improve slope stability.  

Over the last decade lignite fly ash from Central German 

area was used for soil beneficiation for railway and road 

construction [7]. In the north of Germany, a highway is 

constructed on clayey and wet ground, the A72 between 

Rathendorf and Frohburg. For the earthworks 1.5 million m³ 

had to be moved and 2 million m² to be beneficiated. The 

ground consists of 90 % clay with up to 30 % water content. 

For the beneficiation a minimum binder content of 3 % was 

proposed. For the binder material extensive tests for 

alternative binders including lignite fly ash have been 

performed. Compared to other road binders fly ash turned 

out to developed a strength of more than 12.5 MPA but 

showed a better water fixation than HRB of comparative 

strength classes. After discussion with the road authority the 

soil was beneficiated in a two-step process with lignite fly 

ash. Beside the technical parameters the impact of lignite fly 

ash on soil and ground had to be assessed. The A72, Los 3.1, 

is the biggest ash construction project with more than 

120.000 t of lignite fly ash [8].  

4.4. Production of blended cement 

Actually, no blended cement with lignite fly ash is 

produced in Germany. Experiences with lignite fly ash 

cement were gained in the past in the former GDR and 

recently in new research projects.  

In 1968, a blended cement named PUZ 225 was produced 

by cement works Rüdersdorf. A fly ash rich in silicon and 

alumina was used, the sulphur content was 8 % by mass. The 

fly ash content was about 40 % by mass of the cement. The 

cement showed a similar behaviour regarding heat treatment, 

frost-resistance and corrosion as normal cement. In 1984, in 

the same cement works a cement with lignite fly ash and low 

alkali content PZ 9/35 was produced. The fly ash ratio was 

20 to 25 % by mass. Cement PZ 9/40a, produced in the 

1970ies as a successor of PZ 9/35 and aiming in compressive 

strength of more than 40 MPa, was preferably used for 

production of concrete products, because of his high 

compressive strength after heat treatment [9]. 

As the cement industry has to further reduce CO2 

emissions from their production process and as the technical 

optimisation is exhausted further CO2-reduction can only be 

reached with the higher production of blended cement. By 

this, also lignite fly ash may be used for cement production if 

the requirements for siliceous and calcareous fly ash for the 

production of blended cement as defined in DIN EN 197-1 

[10] are met.   

In the early 1990ies, the properties and experience in 

utilisation of lignite fly ash was subject of extensive research 

work [11]. In close follow a project was organised by the 

cement industry for the use of calcareous fly ash in the 

cement industry [12]. They have tested calcareous fly ash 

from different power plants for their use in blended cement. 

It was concluded that the requirements of EN 197-1 [10] are 

normally not met. However, the ashes contributed to strength 

formation. To optimise the beneficial use the ashes should be 

milled to increase the fineness. Due to the free lime and 

periclas content soundness should be tested also with cold 

water storage test. In the following years a project for 

technical and ecological optimised cements was performed 

[13, 14]. The results showed that although calcareous ash 

does not meet the requirements in EN 197-1 they could be 

used for cement production.  

Also the power industry organised research project on the 

characteristics and performance in blended cement of fly 

ashes from six power stations of different mining areas 

(Rhenish, Central German and Lausitz area) and different 

capacity focussing the homogeneity of the ashes. Within six 

months 19 samples were taken from each power station 

representing daily, weekly or monthly taken samples. The 

samples were characterized by testing of physical and 

chemical parameters. Furthermore, tests on paste and mortar 

samples with pure fly ash as well as with lignite fly ash 

cements containing 10, 20 and 30 % by mass of fly ash, 

produced by combined grinding of cement clinker and fly 

ash, were performed regarding soundness, compressive 

strength and durability [15].  

The chemical analysis of fly ash samples from different 

mining areas as given in table 2 was confir-med by this 

investigation. It was further confirmed that the requirements 

regarding reactive calcium oxide is not met from fly ash 

from Lusatian area which can be assigned to class W 1 

according to DIN EN 197-1 because the content of reactive 

calcium oxide is higher than 10 % by mass. The fly ashes of 

the Rhenish and Central German area can be assigned to 

calcareous fly ashes W 2 due to high amount of lime of 30 to 

37 % by mass and reactive calcium oxide of 26 to 34 % by 

mass. However, the requirements for compressive strength of 

mortar samples with ground fly ash as binder (> 10 MPa) 

could not be met. The requirements regarding expansion of a 
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paste consisting of 30 % by mass of ground fly ash and 70 % 

by mass of cement are met by all samples. 

As expected, mortar samples produced with this lignite 

fly ash cements show decreasing compressive strengths with 

increasing amount of lignite fly ash in cement at early ages 

up to 28 days. The compressive strength of all mortars 

increased with age. At an age of 28 days mortars with 10 % 

fly ash in cement show higher compressive strength than the 

reference mortar with OPC, those with 20 % fly ash after 

90 days (see table 3). 

 

Table 3.  Flow and relative compressive strength of mortars with lignite fly ash cements containing 10, 20 and 30 % by 

mass of lignite fly ash [13] 

Proportion of Lignite Fly Ash in Ce-

ment from 

Flow Relative Compressive Strength at  

Rhenish Area  Lausitz Area  2 days 7 days 28 days 90 days 

[% by mass] [mm] [%] 

0 0 150 100,0 100,0 100,0 100,0 

10  150 96,6 95,6 103,5 109,5 

20  153 89,9 84,9 93,0 100,6 

30  169 87,6 80,5 81,8 89,2 

 10 167 98,7 93,1 102,3 110,6 

 20 163 94,6 81,9 90,5 102,1 

 30 165 81,9 71,4 86,7 95,8 

 

Similar results were gained in tests with two different 

types of OPC and calcareous fly ash from the midth German 

and Lusatian mining area. Mortars produced by exchange of 

20 % by weight of cement by fly ash from midth German 

area showed similar or higher compressive strength after 28d 

compared to pure cement mortars. Mortars with exchange of 

20 % by weight of cement with fly ash from Lusatian area 

showed 85 to 100 % of the compressive strength of the pure 

cement mortars [16]. For these tests the samples were stored 

at 20 °C as well as at 5 °C.  

In 2010, Dyckerhoff AG and MUEG mbH produced a 

cement with calcareous ash within a joint research project 

[17]. The fly ash was produced in a midth German power 

plant and showed a free lime content of 6.5 % by mass. 

Before use in cement the fly ash was partly slaked in a 

processing plant. This beneficiation resulted in less than 3 % 

by mass of free lime and a dry product which could be 

loaded with air pressure. The chemical composition of the fly 

ash used for the production of a CEM II B-M (W-LL) is giv-

en in table 4. 

Table 4.  Chemical composition and special parameters of 

fly ash used for production of CEM II B-M (W-LL) 

32,5R [17] 

Parameter [% by mass] 

SiO2 28.5 

Al2O3 12.6 

Fe2O3 7.2 

CaO 35.5 

CaOfree < 3 

MgO 2.3 

K2O 0.6 

Na2O < 0.2 

SO3 9.1 

CaOreact 27 

SiO2react 23,1 

The cement was used to produce a base plate of 3000 m² 

at the site of MUEG. In total 660 m³ of concrete with a 

cement content of 360 kg/m³ with water/binder ration of 0.45 

was placed. The concrete was placed as normal concrete and 

according the construction company no performance 

deviations compared to normal concrete was observed during 

concreting. On the base plate a hall was build and the plate is 

used by container trucks. After two years under service no 

cracks or damages have been observed [17].  

 
Fig. 3. Base plate with concrete produced with CEM II B-M (W-

LL) – MUEG [17] 

4.5. Hydraulic road binders 

The use of lignite fly ash in hydraulic road binders was 

subject of several research projects [18, 19]. Based on the 

results of this research projects lignite fly ash was used in 

hydraulically bound mixtures and hydraulic road binders. 

Due to the revision of the European standard for hydraulic 

road binders and hydraulically bound mixtures the German 

Federal Ministry of Transport, Building and Urban Affairs 

ordered a project on the suitability of mixtures for 

hydraulically bound base courses according to European 

codes for applications in Germany in 2004 [20]. The aim of 

the research project was to gather the experience in Europe 

with Hydraulic Road Binders (HRB) and gained with the 

European standards EN 14227, parts 2 to 4 with slag bound 

and fly ash bound base course mixtures and to find out 

whether and under which conditions they can be used for the 

construction of base courses which fulfil the requirements of 

the existing national regulations. Within the research project 
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different tests roads built with slag bound and fly ash bound 

base courses in Germany from 1985 to 1998 had been 

investigated regarding the bearing capacity by Benkelman 

beam and Falling Weight Deflectometer. Core samples were 

tested regarding compressive strength and durability. Aim of 

the research work was to evaluate whether the requirements 

in the European standards 14227 part 2 to 4 are sufficient to 

cover also the experience gained with the German 

regulations. The results of the investigations revealed that the 

introduction of the European Standards for slowly hardening 

slag bound and fly ash bound mixtures in Germany can be 

generally recommended. It was verified that suitable slag 

bound and fly ash bound mixtures are sufficiently resistant 

against frost and have a high long-term durability under the 

prevailing climatic conditions in Germany, too [21]. 

4.6. Concrete addition  

In the former GDR lignite fly ash was used as a constitu-

ent of cement but also as an addition to concrete [9, 22]. The 

use of lignite fly ash for concrete was based on the former 

(east) German standard BS 50-0808 [23] for fly ash for 

concrete, mortars, stabilisation and special masses, which - 

for the fly ash properties - referred to the former (east) 

German fly ash standard TGL 190-72/03 “Electric Power 

Stations: Solid Combustion Residues of Electric stations 

firing pulverized brown coal; Electric power stations 

produced dry ash – technical terms of delivery” [24]. With 

the reunification of Germany in 1989 the standards were 

replaced by DIN standards. The experience for the use of 

lignite fly ash for cement and concrete based on the former 

standards was not taken over into the existing DIN standard 

for cement and concrete.  

According to the definition of fly ash in DIN EN 450 

“Fly ash for concrete” [25]  fly ash from lignite combustion 

was excluded from this application covered by the standard 

although the criteria for siliceous fly ash were met. In 

Germany, lignite fly ash could only be used as concrete 

addition if a technical approval from the German building 

authorities has been granted. In 1990, a technical approval 

for fly ash from lignite as concrete addition from the 

Lusatian area was issued by the German building authority 

which is extended regularly due to continuous use of fly ash 

from this power plant in the concrete industry [26]. With this 

technical approval the operator is committed to a quality 

control system consisting of continuous production control 

by the producer and a third party control on the fly ash 

defined to conform to the requirements for fly ash for 

concrete. The results of the continuous production control are 

subject to monitoring by a notified certification body.  

5. SUMMARY 

In German lignite fired power stations about 8.7 million 

tonnes of fly ash, 1.7 million tonnes of bottom ash and 5.7 

million tonnes of flue gas desulphurisation gypsum were 

produced in 2010. Most of the ashes are used for the refilling 

and reclamation of depleted opencast lignite mines. 

Furthermore, they are used as filler in asphalt, in 

underground mining, for surface restoration, soil 

beneficiation and as addition to concrete. FGD gypsum is 

used in the gypsum and cement industry. 

The utilisation of the coal combustion products (CCPs) is 

depending on their chemical, mineralogical and physical 

properties. These properties are influenced by the power 

plant technique, the source of coal as well as the type of coal 

feed. Lignite fly ashes from the main German mining areas 

show characteristic chemical parameters. Nearly all lignite 

fly ashes consists of more than 10 % by mass of reactive 

calcium oxide and may be characterized as calcareous fly ash 

as defined in DIN EN 197-1. But the fly ashes do not meet 

all the requirements of DIN EN 197-1 and therefore do not 

comply with this standard.  

For all specified applications requirements on technical 

and environmental parameters of national or European 

regulations or standards have to be considered. For the 

utilisation in applications where the self-hardening properties 

of lignite fly ash are required as well as in binder systems 

with or without cement a constant product quality is 

prerequisite for utilisation. 

Most of the produced ashes from lignite combustion are 

used for refilling of depleted opencast and underground 

mines. Many examinations of the use in cement-containing 

systems have proven that lignite fly ash produced in lignite-

fired power plants can be used in many different ways. For 

the use in hydraulic road binders long term experience have 

been reported showing good performance after many years of 

service. The ashes are also regularly used for soil 

beneficiation in road construction and as concrete addition. A 

3000 m³ bottom plate was concreted with a CEM II-B (W-

LL) produced in a joint research project with a cement 

producer. 

In principle, lignite fly ash can be used in the building 

materials and construction industry (cement, concrete, plaster 

and mortar, road construction) as well as in environmental 

sectors (retention of pollutants, soil rehabilitation). The 

selection of fields of application reflects the consideration of 

economic aspects as well as criteria stemming from the 

requirements of qualifying examinations, licensing and 

standardization procedures.  
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