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ABSTRACT 
 

Nowadays, the selection of construction materials depends not only on the economic or resistance 
characteristics but also the environmental effect, mainly for the energy usage, CO2 emissions and 
pollution produced during the processes to obtain them. 
Portland cement and lime can be used to produce solid vertical structures. Poured earth is a 
technique that can substitute concrete or cement mortars in edification, characterized by using less 
inorganic materials as cement, and soil of the surrounding environment. 
This paper proposes a method to analyze the use of lime and cement in solid, and show the basic 
analysis of lime and explain why it is impossible to have a 100% ecological product or renewable, 
but also it is possible to reduce emission with decrease of products according to the desired 
characteristic of the final material produced. 
 

Short Communication  
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1. INTRODUCTION  
 
Carbon dioxide (CO2) and energy required to 
produce materials have been analyzed widely, 
mainly because of greenhouse effect and 
process production sustainability. It is known that 
energy sources, when they burned, release 
pollutant that may affect human health as 
happens in London since 50 decade [1], 80`s in 
Mexico City [2] or nowadays in Beijing [3]. 
Cardiovascular effects are the most important 
problems caused by air pollution in London and 
Beijing too [1,4], and children sickness in Mexico 
[2]. 
 
Architecture and construction generally used 
materials where nonrenewable energy is applied 
like mortar cement or lime. Earth construction as 
adobe or poured earth will soon be used to 
mitigate high-processed elements using clean 
earth directly with stabilizing products in minimal 
quantities [5]. Poured earth has similar 
mechanical resistance and structural 
characteristics as obtained with other materials 
like concrete. When it is prepared, it does                   
not requires nonrenewable energy, the 
environmental area is not affected to that surface 
doesn’t change their thermal characteristics [6]. 
Cement requires a lot of energy and produces 
CO2 [7] or toxic pollutants like Sulphur or 
nitrogen oxide [8]; although it can reabsorb a part 
of the first one [9,10] process is not sustainable. 
Lime is another compound that requires big 
quantities of energy and it is an important 
pollutant contributor [11]; even with the above, 
this kind of materials has potential for application 
in architecture [12]. 
 
In this paper we explain the impossibility of lime 
to be highly ecological, comparing results of 
energy required to produce it with Portland 
cement and describes some ways to take 
decisions about optimal use. The objective of this 
analysis is also to show a theoretical model with 
van der Waals equation and other obtained by 
[13]. 
 

2. METHODS 
 
First, we analyzed stoichiometric equation for 
lime production with CO2. Then we calculated 
enthalpy of reaction and, by the specific heath 
combustion of some materials to observe some 
comparisons from energy needed to obtain lime. 
Finally, we show and poured earth model from 
material characteristics.  

2.1 Calculating CO 2 and Energy Required 
for Obtaining Lime   

 
It was calculated the energy used to obtained 
lime, this is obtained from calcium carbonate, 
initially by calcination and then by hydration 
according to the stoichiometric equations: 
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It can be seen that, at ideal conditions, every ton 
of Ca(OH)2 requires 1.35 ton of CaCO3 emitting 
into the atmosphere 594 Kg of CO2. Process is 
reversible, so that the same quantity of CO2 will 
be the same that will be needed to absorb initial 
compounds.  
 
In the other hand it is required heath to obtain 
CaO, a precursor of Ca(OH)2, which for 
obtaining, requires of caloric energy usually 
comes from nonrenewable sources which implies 
additional release of CO2. 
 
Table 1 shows the formation enthalpy for the 
reaction of CaO.  From the data (standard 
values) of this and knowing that ∆Cp,m = -26.62 
kJ for equation 1 it can be observed that ∆Hr = 
2396814 kJ. 
 
Table 1. Formation enthalpy of compounds in 

equation 1 
 

Substance         ∆H(f)  
kJ/mol  

Cp,m 
J/mol·K  

CaCO3 -1206.9 81.88 
CaO -635.09 42.8 
CO2 -393.51 37.11 

 
Table 2 shows specific heat of combustion for 
some materials. It can be observed the amount 
of energy generated by each material, which is 
necessary to generate ∆Hr calculated above. 
 
Table 2. Specific heat of combustion for some 

materials 
 

Fuel  Combustion 
specific heat 

Fuel 
required to  
generate 
∆Hr, Kg  

MJ/Kg  kJ/Kg  

Charcoal 30 30000 79.9 
Pinewood 21 21000 114.1 
Dry wood 18 18000 133.2 



 
 
 
 

Hernandez-Rodriguez et al.; JSRR, 10(4): 1-5, 2016; Article no.JSRR.24305 
 
 

 
3 
 

2.2 Calculation of CO 2 Volume  
 
It is well known that Van der Waals equation can 
predict state variables: 
 

�� + ���

�� � �� − ��� = ��                            (3) 

 
Where p is pressure, n is the number of moles, V 
is volume, R is the gas ideal constant, T is 
temperature, and a, b are van der Waals 
constants. From which it is obtained: 
 

��� − ���� + �� �� + ����� − ���� = 0   (4) 
 
From this equation, volume was calculated to 
obtain the volume of CO2 evolved into the 
atmosphere at normal condition of pressure and 
temperature. Solved equation gives 847147.29 
m3 of air. 
 
2.3 Portland Cement  
 
Several studies involving Portland cement [8] 
have reported about 4-6 MJ of energy required 
for production with high impact to the 
environment. 
 
Many characteristics of cement products are well 
known such as maximal mechanic compression 
and uses in construction. Cement products 
actually demonstrates a posterior reduction of 
CO2 by reabsorbing [10]. 
 
2.4 Poured Earth and Model   
 
Earth construction is promoted as sustainable for 
materials used in fabrication of compounds [12]. 
It includes a technique called poured earth which 
is a technique that use soil or pure earth that 
requires stabilizing [5].  
 
To compare materials it is necessary to know all 
their components. To evaluate any characteristic 
on materials it may be calculate as: 
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where 

i
x  is the fraction of component i, 

i
C  is the 

characteristic evaluated, as cost, and 
T

C   is the 

total cost in this case. With this equation is 
expressed any linear property that can be 
estimated with math. 

To identify the effect of a part it is necessary to 
know the cost depending on the two values of 
the properties evaluated, if: 
 

1
2

1 <
T

C
T

C
                                                    (6) 

 
It will indicate property of 1 is better than 2. 
 
It is possible to know the resistance in time for 
poured earth according to [13]: 
 

( )( )ktAR exp1−=                                    (7) 
 
Where R is mechanical resistance to 
compression (kgcm-2), t is time in days, k is the 
velocity constant (days-1) associated to the 
decrease of R with time and A represents global 
velocity of the processes involved on R growth. 
 
When resistance is constant, it can be 
constructed a line related to concentration so it is 
possible obtain density fraction according to: 
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Separating the main component from the other 

we can make 
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where D is constant for the initial 

calculus of  
T

C  it is rewritten: 
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Where r is a parameter that controls fraction of 
material (cement or lime)

a
x . When r increases 

or decreases, the rest of material D decreases 
or increases, respectively, to compensate 
amounts of materials in mixture. This parameter 
is valid for 10 << r .  
 

Therefore, a calculus of ax  must be performed 

considering a desired value of R using (8). Then 
equation (9) can be used for estimating costs.   
 
Roux, R. and Espuna, A. [14] exposed a study of 
lime reaction rate in a controlled environment 
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with CO2 estimating 100 years for complete 
absorption of 50% of this gas. As it is known, 
reaction rate depends on concentration so that 
for lower proportions it is required more time, 
which can be a disadvantage with the solids with 
Portland cement, which velocity is major. On the 
other hand, according to the first law of 
thermodynamics is well known that is not 
possible to revert a process with 100% of 
efficiency, and in this case is not possible absorb 
all the CO2 emitted, neither absorb all CO2 
necessary for the reaction occurs. 
 
Calcium hydroxide can react with other materials 
and it is susceptible to interchange ionic with soil. 
This characteristic will depend on the hearth of 
the place so that sometimes will be better the 
use of only Portland cement. 
 
Nevertheless, it is necessary a deeper analysis 
to know what products stoichiometrically has a 
less CO2 requirement to produce itself. 
 
3. CONCLUSION 
 
From the above analysis, it is inferred that the 
lime and Portland cement used can affect the 
environmental similarly to lime. 
 
The model and the equations pretend to change 
the paradigm of the thought about the cement 
Portland regarding the lime.  
 
It is not possible to assure which material will be 
the best because there is no case where analysis 
of the material time behavior including concrete 
exists. 
 
Further experimentation is necessary to 
understand effects in material characteristics 
such as mechanical resistance and durability. 
Cost-benefit analysis will be needed for each 
case application. 
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