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In this work we have realised and implemented a neural network in order to investigate and 
simulate the relationship between CO2 emissions and some variables taken from national and 
provincial Italian statistics. The artificial intelligence application used in this study gives us the 
possibility to have a new forecasting model to study the earth temperature increasing due to climate 
change. This represents a danger for the environment but also for the whole economy. 
The EBP proposed neural network can learn from previous experiences and use them to estimate the 
CO2 in the past, present and future. The variables have been chosen according to their 
connection with solid fuels, oil, natural gas, electricity consumptions, gross domestic product and 
resident population. 
We also studied CO2 emissions impact related to natural gas, oil, solid fuels and electricity by 
taking in consideration the weighted average of the aggregated consumptions in macro-categories. 
This model allowed us to make an analysis of sensitivity in order to calculate the impact of each 
input parameter of the neural network on the total emission. From the experimental results it is 
possible to argue that oil has the greatest impact on emissions. According to our model it is 
necessary reduce the natural gas use by 40%, the oil use by 60%, the electricity by 20%, and avoid 
solid fuels, in order to achieve the Kyoto Protocol targets. 
Moreover our CO2 estimation model can be used to check out the efficiency of the energetic 
policies adopted by each country in order to reach Kyoto targets. 
 
1.  Introduction 
Climate change represents the principal challenge that humans will have to face in this 
century. This awareness is rapidly migrating from the scientific world and 
environmentalists to the highest level of the institutions.  
So far rising fossil fuel uses and land use changes have emitted and are continuing to emit 
increasing quantities of greenhouse gases into the Earth’s atmosphere. These greenhouse 
gases include carbon dioxide (CO2), methane (CH4) and nitrogen dioxide (N2O). A rise in 
these gases has caused a rise in the amount of heat from the sun withheld in the Earth’s 
atmosphere, heat that would normally be radiated back into space. This increase in heat has 
led to the greenhouse effect, resulting in climate change. The main characteristics of 
climate change are increasing in average global temperature (global warming); changes in 
cloud cover and precipitation particularly over land; melting of ice caps and glaciers and 
reduced snow cover; and in ocean temperatures and ocean acidity – due to seawater 
absorbing heat and carbon dioxide from the atmosphere [1]. 
The Fourth Assessment Report of the Intergovernmental Panel on Climate Change (IPCC 
2007) clarified many uncertainties about climate change. Warming of the climate system is 
now unequivocal. It is now clear that global warming is mostly due to man-made emissions 
of greenhouse gases (mostly CO2). Over the last century, atmospheric concentrations of 
carbon dioxide increased from a pre-industrial value of 278 parts per million to 379 parts 
per million in 2005, and the average global temperature rose by 0.74° C. According to 
scientists, this is the largest and fastest warming trend that they have been able to discern in 
the history of the Earth. An increasing rate of warming has taken place over the last 25 
years. The IPCC Report gives detailed projections for the 21st century that global warming 
will continue and accelerate [2]. The best estimates indicate that the Earth could warm by 
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3° C by 2100. Even though countries reduce their greenhouse gas emissions, the Earth will 
continue to warm. Predictions by 2100 range from a minimum of 1.8° C to as much as 4° C 
rise in global average temperatures. Human beings have been adapting to the variable 
climate around them for centuries. Worldwide local climate variability can influence 
peoples’ decisions with consequences for their social, economic, political and personal 
conditions, and effects on their lives and livelihoods. The effects of climate change imply 
that the local climate variability that people have previously experienced and have adapted 
to is changing and changing at relatively great speed. 
Climate change will have wide-ranging effects on the environment, and on socio-economic 
and related sectors, including water resources, agriculture and food security, human health, 
terrestrial ecosystems and biodiversity and coastal zones. Changes in rainfall pattern are 
likely to lead to severe water shortages and/or flooding. Melting of glaciers can cause 
flooding and soil erosion.  

 
2. Forecasting  model to study the CO2 emission impacts 

The economic damages caused by the extreme meteorological events have increased 
dramatically in the last decades. Inflation, the growth of the population and of the global 
wealth contribute to the increase of such costs. A study realized by Swiss Re, has noticed 
that the economic losses owed by the natural disasters are doubled in the period 1970-1990, 
also considering the effects of the inflation, of the diffusion of the insurances, of the prices 
and of the improved standard of life. While the real GDP is increased of a factor equal to 
three from 1960, the total sum of the damages, caused by the climatic changes, is increased 
of a factor equal to eight [3]. 

To anticipate such disasters, it has emerged to political level the necessity of 
acquiring the knowledge and the scientific uncertainties regarding the future emissions of 
greenhouse gases and their effects, re-assuming them inside the so-called Emission 
Scenarios. The Special Report on Emission Scenarios (SRES) by IPCC describes the 
elaboration and the structure of the new scenarios. The job group of the SRES has 
formulated a series of emission scenarios developing 4 big families in base to the future 
growth, from the demographic, social, economic, technological and political point of view. 
The lowest emissions are obtained with an economy of the services and the information, 
with a reduction of the intensity of material and the introduction of clean and efficient 
technologies [4]. Such scenario underlines the importance of a sustainable approach to the 
economic, social and environmental sector. 

The forecasting model analyses Italy CO2 emission inventory, expressed according to 
the IPCC indication [5] and it is classified in: 

• energy; 
• industrial processes; 
• solvent and other Product Use; 
• agriculture; 
• land use, land-use change and forestry; 
• waste; 
• other. 

The sector of land-use change and forestry depends on many factors, for which does 
not exist a summary element, so it is added this sector to total value,  during 1990 a CO2 
total equivalent to 434 MtonneCO2 [6][7] has been obtained. 

The CO2 emission source for the energy sector can be found specifying the primary 
energy  consume: natural gas, oil, solid fuels and electricity. 
The CO2 emissions from industrial process are reduced in the recent ten years, and they 
mainly depend on concrete and lime production. By comparison the series data between 
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building investments and  Gross Domestic Product in the recent years, emerge that the 
building sector pulls the Country: from 1999 to today  the building growth is resulted 
clearly higher than Gross Domestic Product (from 1998 to 2003, the investments are grown 
of the 7.6 % in opposition to a increment of GDP equivalent of the 7.2 %. So it possibles to 
declare that the concrete production is directly proportional to the GDP [8]. 
The Solvent Use is decreased in the years between 1990 and 2004, and it is around 0.3 % of 
the CO2 total in the 1990, so it is a insignificant information. 
Agriculture is responsible only of the CH4 and N2O emissions, so without CO2. 
Finally, the CO2 emissions from waste are present in the incinerator phase and they 
depended from population and GDP. 
It is possible to create a new model to estimate the CO2 emissions from the data of the 
energy primary consume, the GDP and the population, so to summarize the  classification 
information of the IPCC [9] (see Fig 1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Input-Output Model Analysis 
 
3.  Analysis of factor emissions 
The data from institutional sources are always aggregated in macro categories, for this 
reason the toe1 conversion factor and the CO2 conversion factor are very complex to 
identify [10]. 
From the analysis of Italian Energy Budget 2005 [11], we obtain the results on Tab.1, 
where the total uses are the sum of: 

• gross domestic consumption;  
• loss and consumption in the energy sector;  
• transformations in the electricity. 
 
 
 
 
 
 
 
 
 
 
 

                                                 
1 Toe = The tonne of oil equivalent 

GDP
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Electricity
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Availability and uses Solid Natural Gas Oil Renewable Electricity Total 
1. Production 0.629 9.959 6.111 12.732  29.431 
2. Import 16.570 60.605 408.374 0.780 11.058 197.387 
3. Export 0.196 0.327 28.904 0.001 0.244 29.672 
4. Variation in stocks -0.035 -0.932 0.337 0.000  -0.630 
5. Gross domestic 
consumption 
(1+2-3-4) 

17.038 71.169 85.244 13.511 10.814 197.776 

6. Loss and 
consumption in the 
energy sector 

-0.517 -0.835 -6.591 0.086 -43.156 -51.185 

7. Transformations in 
the electricity --11.892 -25.284 -9.434 -11.598 58.208 0.000 

8. Total uses (5+6+7) 4.629 45.050 69.219 1.827 25.866 146.591 
- industry 4.432 16.970 7.495 0.265 11.899 41.061 
- transport - 0.384 42.568 0.157 0.853 43.962 
- civil 0.008 26.525 6.625 1.252 12.653 47.063 
- agricolture  0.171 2.617 0.153 0.461 3.402 
- no-energy use 0.189 1.000 6.492 0.000 - 7.681 
- bunkering - - 3.422  - 3.422 

Tab.1 Italian Energy Budget 2005 (Mtoe) 
 
It is considered only the energy consumption row and the primary and secondary sources 
for the solid fuels, excepted percent values under 1% (see Tab.2), it is obtained a mean 
conversion factor equivalent to 0.67 toe/tonne. 
 

Fuel Energy 
consumption 

(ktonne) 

Conversion 
factor 

toe/tonne 

Mtoe Percent 

Carbonaceous rock coking plant 349 0.74 0.26 5.49 

Steam coal 2305 0.63 1.45 30.90 

Other uses Coal 306 0.74 0.22 4.81 

Coke 3901 0.7 2.73 58.12 
Tab. 2 Coal conversion factor toe/tonne 

 
The CO2 emission factor is 2.79 ktonneCO2/ktonne, it is obtained by the average weighed 
(see Tab.3) [12]. 
 

Fuel Energy 
consumption 

(ktonne) 

Emission factors 
ktonneCO2/ktonne 

Emissionis 
ktonneCO2 

Carbonaceous rock coking plant 349 2.92 1019.08 
Steam coal 2305 2.45 5647.25 
Other uses Coal 306 2.92 893.52 
Coke 3901 2.98 11624.98 

Tab.3 The CO2 Emission factors in the coal processing 
 
For the oil and using similarly step, it is obtained 1.02toe/tonne e 3.12 ktonneCO2 / ktonne 
(see Tab. 4 e Tab. 5). 
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Energy 

consumption 
(ktonne) 

Conversion 
factor toe/tonne Mtoe Percent Emissions 

ktonneCO2 

Emission factors 
ktonneCO2/ktonne

Oil coke 4591 0.83 3.81 5.32 15930.77 3.47 
Liquefied gas oil 3595 1.10 3.95 5.52 10763.43 2.99 

Refinery gas 
residue 2853 1.20 3.42 4.78 9471.96 3.32 

Light distillates 3848 1.04 4.00 5.59 12036.97 3.13 
Gasoline 14146 1.05 14.85 20.75 42720.92 3.02 
Crude oil 316 1.03 0.33 0.45 982.44 3.11 

Diesel 31093 1.02 31.71 44.30 97632.02 3.14 
Jet kerosene 3781 1.04 3.93 5.49 11639.43 3.08 

Fuel oil 5683 0.98 5.57 7.78 17787.79 3.13 
Tab. 4 The CO2 Emission factors for derivatives of oil 

 
The data of the electricity and natural gas are in Tab.5. 
 

 Toe equivalent Emission factor 
Electricity supplied in high and 
medium voltage 1 MWh = 0.23 toe 

Electricity supplied in  low voltage 1 MWh = 0.25 toe 
0.67  ktonneCO2/MWh 

Natural Gas 1000 m3 = 0.82 toe 1.93  ktonneCO2/1000m3 

Tab. 5 The CO2 Emission factors for electricity and natural gas 
 

Renewable energies are left out because they don’t produce CO2 emissions. 
The calculation of CO2 emissions must use consumption data of different energy sources 
(see Tab.6):  
• electricity; 
• natural gas; 
• oil; 
• solid fuels. 
 

Solid fuels 4.63 toe 6.81 Million of tonne 19.017 
Million of tonneCO2 

Natural gas 45.05 toe 58.01 Million of m3 86.95 
Million of tonneCO2 

Oil 69.22 toe 67.31 Million of tonne 210.58 
Million of tonneCO2 

Electricity 25.86 toe 112.46 Million of MWh 75.35 
Million of tonneCO2 

Total 146.59 toe  391.89 
Million of tonneCO2 

Tab. 6 Energy source consumptions in Italy - 2005 
 
The data of energy sources for the local area are few, but the regional o national data can to 
be disaggregated, using the proxy variables. 
 
4. Expert system to analyse climate change 
The expert system analyses the theoretical foundations, the methodologies and the 
techniques that allow to plan the system able to supply performances similarly to human 
intelligence. The most expert systems are: neural networks, fuzzy-logic, genetic algorithms 
and some hybrid approaches. 
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Black box models such as the artificial neural network ANN provide a mathematically 
flexible structure to identify the complex non-linear relationship between inputs and 
outputs without attempting to explain the nature of the phenomena [13]. 
The application of ANN techniques to carbon emission estimation is one of the new areas 
of data-driven modelling utilizing the relationship among the energy and economy 
variables. Properly designed input–output neural network can learn from the data and 
provide a reasonable estimate of carbon emissions. 
In this task the supervised paradigm and training has been adopted because our goal was to 
achieve knowledge from previous well known data sets [14][15]. 
Neural networks use machine learning based on the concept of self-adjustment of internal 
control parameters. 
An artificial neural network is a non-parametric attempt to model the human brain. 
Artificial neural networks are flexible mathematical structures that are capable of 
identifying complex non-linear relationships between input and output data sets. The main 
differences between the various types of ANNs are arrangement of neurons (network 
architecture) and the many ways to determine the weights and functions for inputs and 
neurons (training). 
The multilayer perceptron (MLP) neural network has been designed to function well in 
non-linear phenomena. A feed forward MLP network consists of an input layer and output 
layer with some number of input and output neurons respectively with one or more hidden 
layers in between the input and the output layer with some number of neurons on each. 
The artificial neuron in a typical ANN architecture receives a set of inputs or signals with 
some synaptic weights, calculates a weighted average of them using the summation 
function and then uses some activation function to produce an output. The connections 
between the input layer and the middle or hidden layer contain weights, which are usually 
determined through training the system. The hidden layer sums the weighted inputs and 
uses the transfer function to create an output value. The transfer function (local memory) is 
a relationship between the internal activation level of the neuron (called activation function) 
and the outputs. 
In time series prediction, supervised training is used where the ANN is trained in such way 
to minimize the difference between the network output and the target (observed). 
Therefore, training is the process of weight adjustment that tries to obtain a desirable 
outcome with least squares residuals. The most common training algorithm used in the 
ANN literature is called back propagation (EBP). 
The carbon emission model has a supervised learning EBP (Error Back Propagation) and it 
is a feedforward network with three layers: input, hidden ed output layer [16][17]. A 
backpropagation network has always one layer of input neurons, which are subject to input 
signal, and one layer of output neurons, which produces model output and a number of 
hidden layers. 
The neural network algorithms internally work with values between 0 and 1. External data 
that is stored in input tables must be mapped to the internal format. This process is called 
normalization and is important for the neural network performances. 
A training set is consisting of all training samples. A neural network, trained with the 
previous algorithm, tends to minimize the error on training set, seeking to reduce it to every 
cycle (epoch). An epoch is the presentation of the entire training set to the neural network. 
Thus, the network does not learn to associate any input to a particular output, but learns to 
recognize the complex relationship between inputs and outputs. 
 It is therefore a black box, which did not explicitly determines the mathematical function 
that correlates input and output, whether this exists, but it defines the meaningful results by 
data not included in training set, both within the range of values training (interpolation), 



 7 

and outside of it (extrapolation). This characteristic of networks is called the generalization 
power. 
The applied algorithm allows monitoring the network performances from different number 
of hidden layer neurons, the training parameters, the activation functions, the epoch, etc. 
So, is possible to identify the best network that simulate the system and give the acceptable 
output in relation to validation set. 
The input sets are seventy-eight and represent the national, regional and district situations. 
So, it is possible to take a more global conclusion. 
The four inputs on the energy sources (solid fuel, oil, natural gas, electricity) have been 
processed in the corresponding CO2 equivalent tonnes by using emission factors. 
Sixty-five input set are selected for the training set and the thirteen for the validation set, 
selecting these last in such a way as to represent the whole. 
It was built a network (see Fig.2) with 14 neurons in the hidden layer and 1 output, with the 
logarithmic transfer functions and with values between 0 and 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2 Neural network with 3 layers 

 
The training is repeated updating the initial weights, with that the previous simulation (see 
Fig.3), in order to minimize the MSE error. 
The error trend compared with the number of epochs is displayed on a learning curve, as in 
Fig. 4. 

 
 
 
 
 
 
 
 
 
 
 
 

 
            Fig. 3 Network trend after 100.000 epochs                                    Fig. 4 Learning curve 
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At first glance, we can stop learning when MSE error reaches a satisfactory result or when 
it reaches the asymptotic curve. Is it really a good idea? Why?  
During the learning, the network specializes always better in training set on improving the 
accuracy and ensuring a good generalization. From a certain point, however, the network 
begins to specialize too much on training set and it lose in the generalization. To test the 
capacity of generalization that the network is acquiring during the training is classified 
periodically a sample sets not member to training set (set of validation or validation set). 
Therefore, the trend of learning has shown by two curves assessed on the training set and 
on the validation set. The stop of training is possible at a minimum on the curve of the 
validation set (see Fig. 5). 
 

 
Fig. 5 Validation curve 

 
By varying the learning rate from 0.5 to 0.01 and setting a goal of 10-4, it is obtained a MSE 
around 10-3 after 100 000 epochs. 
The result is more than satisfactory with regard to the MSE but not for the generalization, 
so it is used the first network to the sensitivity analysis, making train the network for a 
number of times amounted to 5 000 000 and a learning rate equivalent to 0.4. The system is 
blocked when it reaches the goal of MSE. (see Fig. 6). 
 

 
Fig. 6 The MSE error trend with learning rate equivalent to 0.04 

 
The results can be verified by comparing the validation set with the network outputs 
(Tab.7) It is note that the error increases to grow the zoom of analysis, from national to 
local data. 
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ANN 
Output 

Real 
value 

Percentage 
error 

0.9642 0.96598 0.18 

0.90491 0.90734 0.27 

0.81789 0.81749 0.05 

0.06949 0.06883 0.96 

0.0592 0.05299 11.72 

0.01491 0.01903 21.64 

0.01192 0.01937 38.45 
Tab. 7 Comparison between the real value and the neural network output. 

 
5.  The sensitivity analysis 
The sensitivity analysis is the study of how the variation in the output of a mathematical 
model can be apportioned, qualitatively or quantitatively, to different sources of variation in 
the input of a model. In more general terms sensitivity analyses investigate the robustness 
of a study when the study includes some form of mathematical modelling. Sensitivity 
analysis tries to identify what source of uncertainty weights more on the study's 
conclusions. 
The scenario analysis is a process of analyzing possible future events by considering 
alternative possible outcomes (scenarios). The analysis is designed to allow improved 
decision-making by allowing more complete consideration of outcomes and their 
implications. 
The sensitivity analysis, then, aims to answer questions like: if an input would lower or 
increase of 15%, what is the lowering or increasing output? 
In the case study, the effect of the input to the total CO2 emission is determined with the 
use of forecasting neural network. 
It would be obvious to say that oil and solid fuels are the main source of pollution. 
Interesting it is to analyse the influence of GDP and demographic trends on air pollution. 
Let’s suppose that there is a solid situation of the GDP and the population and not energy 
consumption (an absurd situation but that helps us to understand the contribution that each 
source has to the total emission of CO2), then the array  [0 0 0 0 1 1], it is obtained from the 
ANN an output equivalent to 0.0051. This indicates the low influence of the GDP and 
population to emissions. Adding consumption due to electricity [0 0 0 1 1 1], it is get a 
value of 0.0102, then a contribution not important. It is need to underline that to the basis of 
the energy production, there are fossil fuels.  
Finally, the contribution of each primary source is illustrated in Tab. 8. 

 
Energy sources Percentage to the total CO2 emissions 

Solid Fuel 5% 
Oil 60% 
Natural Gas 35% 

Tab. 8 Value of individual energy source. 
 

6. Results and conclusions 
The forecasting model of CO2 emissions has been tested to achieve the needs of the Kyoto 
Protocol to reduce emissions by 6.5% compared with the situation of the 1990, namely a 
emission level equal to 402 646, seeking the input combinations that enable the network to 
give this value of output [18].  
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Assuming an increase of the Italian population of 1%, a optimistic growing economic 
welfare (this does not imply higher fossil consumption!) equivalent to 1.8% for year, it 
would produce a GDP equivalent to 1 470 billion euros and a number of inhabitants 
equivalent to 60 233 843, in the 2008. 
To achieve the Kyoto target, the model forecasts to cancel the consumption of solid fuel 
and reduce consumption respectively by 40%, 60% and 20% of natural gas, oil and 
electricity. 
The model results are in line with the conclusions of the Presidency of the European 
Council in Brussels on March 8, 2007 [19] in which the EU makes a firm independent 
commitment to achieve at least a 20 % reduction of greenhouse gas emissions by 2020 
compared to 1990, applying a policy of development of energy efficiency and renewable 
energy.  
The European Council underlines the need to:  
• increase energy efficiency in the EU so as to achieve the goal of saving energy 
consumption by 20% compared to projections for 2020;  
• introduce a constraint target that provides a 20% share of renewable in total energy 
consumption by 2020;  
• introduce a constraint target that provides a minimum of 10% biofuels in the total 
consumption of petrol and diesel in the EU by 2020.  
In the same direction as the European directives, the report of Nicholas Stern [20], former 
chief economist of the World Bank, analyses a scenario in 2100 and compares the global 
economic crisis resulting from the failure to take action to reduce climate change to the 
crisis in 1929. The 1% of world GDP should be earmarked for actions and policies of 
mitigation through the Emissions Trading, the cooperation in the field of technological 
development and a campaign against deforestation.  
The CO2 forecasting model can be used to verify the efficacy of energy policies of a 
country with the aim of achieving the Kyoto target.  
The reduction of CO2 emissions must take place both in the production energy and in the 
consumption energy. The industrialized nations must make a special effort in this sector. 
They represent about 25% of the world's population and they are responsible for 
approximately 75% of energy consumption. This fourth of the population is responsible to 
lead in finding solutions. 
The almost total lack of energy and goods in many regions of the Earth does not allow low. 
The only physical force is not enough to solve the energy problem, but it is important his 
mental force, his sense of responsibility, his creative capacity and his inventiveness. The 
awareness is the first step to solve these problems. 
The citizens can contribute to sustainability with their lifestyle, small actions, daily 
behaviours and management of resources. The citizen is the key actor to implement a 
model of sustainable consumption, directing their own choices towards environmentally 
friendly products, to reduce costs and emissions of polluting. 
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