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ABSTRACT 

Sustainable concepts and practices have taken a centre-stage in different fields of studies and professions. This is be- 
cause human activities continue to threaten the carrying capacity of earth resources as well as life basic needs such as 
shelter. Ghana, a developing nation, has been characterized with a boom in construction activities. In almost every con- 
structional work, Portland cement remains the main binding agent that is used to bind aggregates together in a mono- 
lithic unit. The overdependence of the Ghanaian construction industry on Portland cement has contributed to huge sums 
of foreign exchange used to import cement ingredients, high cost of buildings and annual artificial shortages of cement 
which leads to high cost of the product. In this work, alternative binding agent—pozzolana cement, is reported with re- 
gards to the theory behind its utilization, laboratory results and practical applications. Results obtained from both the 
laboratory and the field works have shown that the future binder for the Ghanaian construction industry is pozzolana 
cement. CSIR-Building and Road Research Institute recommends it for the construction industry for use in various 
forms of construction such as block making, concrete and mortar works. 
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1. Introduction 

Globally the idea of sustainability has now taken a centre 
stage in different field of studies. The automobile Indus- 
try is now moving towards biodiesels and fuels, likewise 
the construction industry which is shifting towards green 
buildings, cementless construction technology, blended 
cements all encapsulated as sustainability concepts. Sus- 
tainability in the global context has been defined in so 
many forms and ways by different authors. However, the 
most referred definition is the one defined by the com- 
mittee once lead by the former prime minister of Norway 
in 1987, Prime Minister Brundtland. This committee 
which was formed by the United Nations kick started 
global sustainability awareness since the world as a globe 
was being threatened by human factors leading to scar- 
city of resources, global warming and cyclones (tsunamis, 
tornados, etc.). According to the Brundtland committee, 
sustainability is defined as developments that meet the 
needs of the present without compromising the ability of  

the future generation to meet their own needs [1].  
The definition by the Brudtland committee suggests 

three important components of sustainable development 
and these are: 1) what is to be sustained, 2) what is to be 
developed, and 3) the intergenerational components. 
Components that need to be sustained include nature, life 
support systems and communities. Those components 
that need to be developed involve people, society and 
economy whilst the intergenerational components are the 
finite nature of the earth resources which can provide 
intergenerational equity [2,3]. In 2000, the United Na- 
tions gave birth to the millennium development goals but 
has now been turned into sustainability development 
goals headed by the former Prime Minister of Britain, 
Gordon Brown. This suggests how important sustainabil- 
ity pursuance is so necessary in this 21st century. 

The problem of the cement industry is mainly centered 
on economical, environmental and technical issues. In 
the economic dimension, almost all cement inputs used 
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by the cement manufacturing companies; clinker and 
gypsum are imported with huge amount of foreign ex- 
change which is over $250 Million. This is coupled with 
high inflation and interest rate which tends to affect the 
price built up of a 50 kg bag of cement in the country. 
The consequences of the annual cement price increase 
over the years have contributed to undue projects delay, 
construction of indecent makeshift dwelling places for 
most low-income earners, which has resulted into slums 
especially in our urban cities. 

The environmental concern focuses on overexploita- 
tion of natural resources such as limestone, clay, etc and 
release of harmful gaseous substance into the global en- 
vironment from the cement industries worldwide. The 
effect of these gases on the atmosphere has resulted in a 
rise of earth atmospheric temperature which has led to 
global warming creating catastrophic situations such as 
flooding, droughts and cyclones for human existence on 
earth. The cement industry globally contributes between 
5% and 8% of the total carbon dioxide emission [4,5]. 
The global carbon emission of carbon dioxide, a major 
anthropogenic gas in 2012, was approximately 36 billion 
tonnes [6]. The fight against global warming is a difficult 
one which needs collaborative effort from different 
countries both the developed and the underdeveloped 
nations.  

The technical problem focuses on the harsh nature and 
the exothermic behaviour of cement after hydration. 
Moreover, cement products such as concrete and mortar 
after hydration may have some components leaching out 
from cement matrix resulting in the creation of tiny pores 
in concrete and mortar. These problems of cement lead to 
extreme shrinkage cracks, aggressive chemical attacks 
such as chloride, sulphates. In our system here in Ghana 
one common problem of cement based products is con- 
crete dampness which normally occurs at the bottom part 
of many buildings. 

Being aware of all the enormous problems that the 
cement industry poses on the planet and our country, 
Chemical and Material engineers in CSIR-BRRI have 
over many years researched extensively on alternative 
materials that can be used to lower cement quantity in a 
cubic or square meter of mortar, concrete and block works. 
In this work, alternative binding agent—pozzolana ce- 
ment, is reported with regards to the theory behind its 
utilization, laboratory results and practical applications. 
The main aim of the study is to elucidate the importance 
of clay pozzolana in the Ghanaian construction industry. 

2. Literature Review 

2.1. What Is Pozzolana? 

Pozzolana is defined as a siliceous or alumino-siliceous 

material, which in itself possesses little cementitious 
value, but will in finely divided form and in the presence 
of water chemically reacts with free lime from cement at 
ordinary temperature to form compounds possessing ce- 
mentitious properties [7,8]. Pozzolana occurs naturally 
and artificially. Examples of natural pozzolanas are vol- 
canic glasses and ashes, tuff, trass and Santorin earth all 
found in the US and part of Europe. Artificial pozzolanas 
include flyash, shales, diatomaceous earth, industrial by- 
products (silica fume, granulated slag), rice husk ash and 
calcined clays. Fly ash produced from coal combustion is 
the most widely used pozzolanic material in the world. 
Singh and Garg [9] reported that the use of calcined kao- 
lonitic clay as a pozzolanic material is not very popular 
and again supported by Coleman and Page [10]. 

Pozzolana produced from clay has received consider- 
able interest from some researchers such as Samet et al. 
[11], Wild et al. [12], Atiemo [13], and Sabir et al. [14]. 
Clay pozzolana in the last decade has essentially been 
linked with construction of sea water and dams in coun- 
tries like Brazil, Denmark, France, England, USA, India 
and Egypt [12]. Clay pozzolana is processed from high 
kaolin clay by calcinations at moderate temperatures 
(650˚C - 800˚C).  

In 2000, clay pozzolana was commercialised as a ma- 
terial which could be utilized to replace up to about 40% 
of cement. Figure 1 illustrates the production flow chart 
of clay pozzolana production. After two years of com- 
mercial production in CSIR-BRRI, the institute partnered 
with a new company called Pozzolana Ghana Limited 
(PGL), set-up another commercial plant in the central 
part of Ghana. Since then, the two pozzolana producing 
factories in the country produce approximately 10,000 
tonnes of pozzolana annually. The utilization of clay 
pozzolana in the Ghanaian construction industry is fairly 
a new practice and according to a recent survey most 
building professionals lack the basic knowledge regard- 
ing its use. Though the technology is new in the country 
yet it is an old construction practice known to ancient 
builders including early Greek and Roman masons. 
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Figure 1. Production flow chart for clay pozzolana. 
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2.1.1. Theory of Pozzolanic Action with Portland  
Cement during Hydration 

When Portland cement (PC) and water are mixed to- 
gether, hydration occurs. The hydration process gener- 
ates basically two products, calcium silicate hydrate 
(CSH) and lime (Ca(OH)2). Figure 2 presents the micro- 
structure of cement grains depicting the CSH and 
Ca(OH)2. About 28% of free lime [Ca(OH)2] is liberated 
from a fully hydrated or matured concrete or mortar [15]. 
Free lime from PC hydration does not make any signifi- 

cant contribution and could be harmful to concrete and 
mortar durability. Free lime is also found to have a 
higher affinity for sulphates and chlorides which is most- 
ly dangerous to concrete and sulphates. It also has the 
characteristics of leaching out from a cement matrix. 
Figure 2 presents a microstructural view of a hydrated 
cement paste 

The addition of pozzolana to PC is characterized by a 
chemical reaction between metakaolinite and free lime 
given by the chemical equation below [14]. 

 

  2 3 2 2 22 3 2 22
Al O 4CaO 19H O CaO 2SiO H OAl O 2SiO 5Ca OH 19H O

Tetracalcium aluminate hydrate Calcium silicate hydrateMetakaolin Lime Water

       
 

 
The reaction forms a secondary CSH gel together with 

crystalline products which include calcium alumino hy- 
drates and alumino silicate hydrate. The hydration prod- 
ucts formed due to pozzolanic action refines the pores of 
the products making mortars and concretes denser and 
less porous to chemical attacks (sulphates and chlorides). 
Free lime crystals structure formed is minimize due to 
grain refinement as a result of pozzolanic action. 

later days, the inactive pozzolanic powder dissociates 
into solution to form reactive silicates. At this same late 
age, available Ca(OH)2 present in solution reacts with the 
dissolved silicates from the pozzolanic materials to form 
secondary CSH which increase the later age strength. 
The minimization of hydration heat of cement containing 
pozzolana is attributed to the dilution effect of cement 
compounds by pozzolanic materials. The cement com- 
pounds include tricalcium aluminate (C3A), tricalcium 
silicate (C3S) and dicalcium silicate (C2S). Pore structure 
minimization also results from particle size of the two 
materials, pozzolana and cement. Mostly, pozzolanic 
materials are very fine than cement hence refines the 
cement structure pores. 

2.1.2. Characteristics of Pozzolanic Reaction 
Pozzolanic reaction has some characteristics and these 
include the following: 

1) Slows down cement hydration hence lower early 
strength development; 

2) Attains high strength at a late stage; 
2.1.3. The Importance of Pozzolanic Materials in  

Construction 
3) Controls heat of hydration in minimizing it; 
4) Minimize pore structures. 

The importance of pozzolanic materials in construction 
could be viewed from these three different angles; eco- 
nomics, ecological and technical. 

The cement hydration slow-down is attributed to the 
nature of pozzolanic reaction. At the early days of ce- 
ment hydration containing pozzolana, the pozzolanic 
materials become inactive and serve as a cover over the 
cement grains inhibiting their reaction with water. At  

In the economic sense, the production of pozzolanic 
materials is far less expensive than Portland cement. In 
the cement industry, energy is one of major cost compo- 
nent. The pozzolanic producing companies use almost 
half of the energy which is used to produce Portland ce- 
ment. This has a net effect of cost reduction with respect 
to pozzolana utilization. The production of less expen- 
sive pozzolanic material could lead to affordable con- 
crete and mortar formation, provision of less expensive 
buildings. Moreover approximately $100 Million could 
be saved from cement importation through the use of 
locally produced pozzolana in Ghana. 

 

 

From the ecological perspective, pozzolanic materials 
contribute little effect to the environment as compared to 
cement production in terms of CO2 emissions. The Kyoto 
protocol which came into being in 1997 highlights the 
principle of Clean Development Mechanism (CDM). 
CDM allows emission reduction in developing countries. 

Figure 2. Microstructure of cement grain showing CSH and 
Ca(OH)2. Source: Bediako et al. [16]. 
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In contributing to the global net effect of CO2 emission, 
then the need to use more of pozzolanic materials and 
less of cement will help to achieve this aim. 

From the technical view point, since pozzolanic mate- 
rials refine pore structure of cement by making it denser, 
it will mean that there will be reduction of chemical at- 
tacks, early shrinkage and minimize the leaching action 
of cement compounds. 

3. Experimental Program and Results of  
Some Clay Pozzolana and Cement Mixes 

3.1. Experimental Program 

Some clay samples from three different areas, Mank- 
ranso, Mfensi and Tanoso have been developed for poz- 
zolana production. Mankranso and Mfensi are located in 
Ashanti region whereas Tanaoso is located in the Brong 
Ahafo region all in Ghana. These selected sites were 
chosen because of the abundance of clay in these areas. 
Water demand or normal consistency, setting times and 
compressive strength were investigated on paste and 
mortars respectively. Portland cement was replaced with 
pozzolana at 10%, 20%, 30% and 40% to formulate both 
binder pastes and mortars.  

Water demand and setting time test (both initial and 
final) were determined on the binder paste. This test was 
determined in accordance to the EN 197-1 standards. 
This standard prescribes the use of the Vicat apparatus. 
According to EN 197-1, the water demand also known as 
normal consistency is determined with a plunger. The 
water demand is reached when the plunger penetrates the 
paste and reading on the scale records 6 ± 2. The initial 
set time occurs when a Vicat needle penetrates the binder 
specimen to a point 5 ± 1 mm from the bottom of the 
mould. The final setting also occurs at the time the nee- 
dle with a ring fails to make impression on the surface of 
the specimen. 

Compressive strength test was determined on blended 
mortars in accordance with ASTM C109 standard. The 
mortar specimens were prepared at 1:3 binder to sand 
ratio and a water to cement ratio of 0.50 at normal tem- 
perature (24˚C). The prepared mortar mixes were filled 
in a 70.6 mm metallic cube moulds and arranged on an 
electric vibrator which was turned on for 2 minutes to 
ensure good compaction of the mortar. After casting, the 
mortar specimens were covered with a wet cloth in order 
to control water evaporation from the mortar during the 
hydration process for 24 hrs. The compressive strength 
was determined on an average of 3 mortar specimens 
after curing in potable water for 2, 7 and 28 days. 

3.2. Results and Discussions 

Table 1 presents the water demand, setting times and the 

compressive strength of Portland pozzolana cement (PPC) 
pastes and mortars at 10% - 40% of pozzolana. PPC 
strength values were determined on an average of three 
mortar cubes. It is shown from Table 1 that as pozzolana 
content increases the water demand and the setting time 
also increases. The increase in water demand could be 
attributed to the porous nature and the high surface area 
of pozzolana powder material than Portland cement. The 
increase in the setting times could be due to the decrease 
in the stiffening agent, cement within the matrix. From 
the table, the compressive strength values were found 
increasing with curing days. This shows the formation of 
new hydration products with time which enhances 
strength formation. 

Early age strength at 2 days and 7 days of PPC mortars 
between 10% and 30% pozzolana replacement were simi- 
lar to the control. PPC mortars of Mankranso, Mfensi and 
Tanoso pozzolanas at 10% and 20% replacement were 
9% - 13%, 8% - 11% and 5% - 11% higher than the con- 
trol at 28 days respectively. Figure 3 show that 30% of 
pozzolana mortars at 28 days gave strength values com- 
parable to the EN 197-1 standard which is 32.5 MPa. 
From Figure 3, the increase in the amount of replace- 
ment to 40% reduced the strength at 28 days for all the 
three PPC mortars. 

Important Laboratory Results Worth Considering 
The laboratory results show some important findings. 
These are: 

1) At 30% replacement of cement by pozzolana pro- 
duces Portland Pozzolana Cement (PPC); 

2) The percentage replacement meets the EN 197-1 
standards of 32.5 N for Portland cement; 

3) Mass, reinforced and prestressed concrete could be 
produced suitably with 20%, 25% and 30% cement re- 
placement by clay pozzolana. 
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Figure 3. 28 days strength of Mankranso, Mfensi and Ta- 
noso. Source: Atiemo et al. [13]. 
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Table 1. Water demand, setting times and compressive strength of pozzolana cement mixes. 

Setting times (mins) Compressive strength (MPa) 
Mix % Pozzo content % Water demand 

Initial Final 2d 7d 28d 

Control 0 26.8 90 196 14.9 20.5 34.5 

Mankranso 10 30 125 210 19.8 22.67 38.9 

 20 33 173 225 17.4 21.1 37.6 

 30 35 184 246 16.2 17.5 32.7 

 40 38 200 287 11.8 13 22.5 

Mfensi 10 28.7 88 190 20.4 23.7 38.2 

 20 31 105 215 18.2 20.9 37.4 

 30 39.2 195 252 17.3 18.6 33.5 

 40 42.5 210 295 11.4 12.6 23.3 

Tanoso 10 28 95 210 19.5 21.61 38.2 

 20 32 173 225 20.1 21.6 36.1 

 30 37 184 246 15.8 18.9 32.4 

 40 39.2 171 260 11.2 12.1 24.5 

Source: Atiemo et al. [13]; Bediako et al. [5]. 

 
4. Experience Use of Clay Pozzolana 

From the time of clay pozzolana commercialization till 
date, the product has been used together with cement for 
many successful projects. The institute has produced 
simplified brochures and leaflets that aid builders on the 
application of pozzolana. Appendix 1 shows a sample a 
leaflet indicating snappy details of pozzolana application 
for commercial users of the product. Clay pozzolana has 
been utilised for various construction project in almost 
all the ten regions of Ghana. Some of the projects under- 
taken between 2010 and 2012 are listed below. Appen- 
dix 2 contains pictures of these selected projects that 
used pozzolana  
 Mortar for brick bonding at Aboadze thermal plant, 

Takoradi; 
 Block making by a commercial concrete products 

producer, Kumasi;  
 Ongoing BRRI main Administration building, Foun- 

dation works, Kumasi; 
 Market centre in Kumasi;  
 Office complex for Electricity Company of Ghana 

Building in Kumasi. 

5. Conclusions 

The following conclusions are made from this study: 
1) The use of pozzolana is not new in the construction 

industry however new in Ghana. 
2) Experimental data supporting the utilization of clay 

pozzolana meet Ghana and international standards i.e. 

GS 964 and ASTM C618 specifications. 
3) Green construction, ecocement, etc. are now the 

new terminologies taking a center stage for the now and 
the construction of the future. Pursuance of these would 
ensure a significant preservation of significant natural re- 
sources. 

4) Pozzolana utilization in the Ghanaian construction 
industry could afford cost efficiency and would also re- 
duce the importation of cement into the country. 

5) In thinking about the environment, less energy in- 
tensive materials like pozzolana could be used for our 
benefit. This could promote sustainable construction 
practice. 
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Appendix 1  

 

Pozzolana leaflet used as quick reference by building professionals. 
 
Appendix 2: Pictures of some projects that used clay pozzolana. 

 

Mortar used for brick bonding, CSIR-BRRI walling project at Aboadze, Takoradi. 
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Block making by Naa Achiaa concrete products, Kumasi. 
 

 

Mass concrete for foundation works. 
 

 

Preparation of cement-pozzolana mortar for the construction of market stalls in Kumasi. 
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Office complex under construction for Electricity Company of Ghana in Kuamsi. 
 
 


