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Name of the city Latitude Longitude 

Bolzano 46° 53’ North 11° 26’ EAST 

Rome 41° 54’ North 12° 30’ EAST 

Nova Siri 40° 16’ North 16° 25’ EAST 

Palermo 38° 11’ North 13° 06’ EAST 

 

4	�	� =�!$+(2 %,(#�(�(

Parameter Value 

Collector area 4 m2 

Daily water requirement/per person (Γload) 40 litres 

Specific heat of water (cp) 4186 J/kg 

Number of users 4 

Minimum hot water temperature (Tu) 50°C 

Inlet water temperature (Ti) 15 °C 

Annual thermal load ( usersTTcL iupload ⋅⋅−Γ= 365)( ) 8556 MJ 

Efficiency of conventional plant if constructed using a methane run back-up 
water heater  

85% 

Efficiency of conventional plant if constructed using an electric back-up water 
heater  

95% 

Plant’s economic lifetime 15 Yrs 

Annual solar fraction in Bolzano 0.60 

Annual solar fraction in Rome 0.73 

Annual solar fraction in Nova  0.78 

 

4	�	� �&%$-�(�(

Parameter Value 

Collector cost 480000 lire/m2 

Cost relevant to the supporting structure, pumps and tube 110000 lire/ m2 

Maintenance cost (w.e.f. seventh years of installation) 40000 lire/year 

Cost of the storage tank (assuming a tank capacity = 200 litres) 1500000 lire 

Cost of integrated energy (auxiliary plant with a methane run back-up water heater) 23 lire/MJ 

Cost of integrated energy (auxiliary plant with an electric back-up water heater) 95 lire/MJ 

Interest rate 3 % 

Inflation rate 2 % 

Inflation rate relevant to the energy cost 2 % 
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Rome (with incentives of 36% in 5 years)
Rome (with incentives of 36% from sunk capital)
Rome (without incentives)

  ROI = 0,2

ROI = 0,12

ROI = 0,098
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Cost of collector = 480000 Lit/m² 

Location NPV 

(10³ Lit) 

ROI RPS 

(Years) 

RPD 

(Years) 

Bolzano*  2.907 0.06 7 - 8 8 - 9  

Bolzano** 4.180 0.09 4 - 5 5 - 6 

Rome*  4.452 0.10 5 - 6 6 - 7 

Rome**  5.725 0.12 4 - 5 4 - 5 

Nova Siri*  5.046 0.11 5 - 6 6 - 7 

Nova Siri**  6.319 0.18 4 - 5 4 - 5 

  *    (without incentives) 

**    (with 36% contribution in 5 years) 
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Collector Cost 
(Lit/m2) Type of incentive NPV 

(103 Lit) ROI RPS 
(Years) 

RPD 
(Years) 

480000 
36% tax deduction 
in 5 years 

5.725 0.122 4-5 4-5 

480000 
36% contribution from 
sunk capital 

5.841 0.200 3-4 4-5 

400000 
36% tax deduction 
in 5 years 

5.939 0.141 3-4 4-5 

300000 
36% tax deduction 
in 5 years 

6.207 0.169 3-4 3-4 

200000 
36% tax deduction 
in 5 years 

6.475 0.206 3-4 3-4 
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Cost of collector = 1.000.000 Lit/m² 

Location 
NPV 

(10³ Lit) 
ROI 

RPS 

(Years) 

RPD 

(Years) 

Bolzano*  3.203 0.046 8 – 9 9 – 10 

Bolzano** 5.162 0.070 5 - 6 6 – 7 

Bolzano*** 5.342 0.119 5 - 6 5 – 6 

Nova Siri* 4.629 0.066 7 – 8 8 – 9 

Nova Siri** 6.588 0.090 4 – 5 5 – 6 

Nova Siri***  6.767 0.151 4 - 5 4 – 5 

  *    (without incentives) 
**    (with 36% contribution in 5 years) 
**    (with 36% contribution from sunk capital) 
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Contribution toward the capital cost (Percentage of total system cost) = 30% 

 
Cost of the System  

(lire/m2) 

Aopt   
(m2) 

500.000 125 

600.000 105 

700.000 83 

800.000 62 
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Integrated to Methane Gas 
 

(Cost of the system: lire 500.000/m2) 
 Aopt 

(m2) 
Total Cost 
(x106 lire)) 

VAN 
(x106 lire) ROI 

TRa 
(Years) 

Incentives of 30% of the 
Capital Cost 

125 43,8 19 0,04 10 

Incentives of  lire 50/kWh 83 41,5 44 0,09 
6 
 

 

Integrated to Diesel Fuel 
 

(Cost of the system: lire 500.000/m2) 

 
Aopt 
(m2) 

Total Cost 
(x106 lire)) 

VAN 
(x106 lire) ROI 

TRa 
(Years) 

Incentives of 30% of the 
Capital Cost 

187 65,4 152 0,20 4-5 

Incentives of  lire 50/kWh 146 73 160 0.21 4 
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Parameter Value 

Collector surface area 2.08 m2 

Cost of solar system (inclusive of costs relevant to the collector, storage 
tank, supporting structure, pumps and piping) 

500000 lire/m2 

Maintenance cost  1% of system cost 

Cost of integrated energy (auxiliary plant with a methane back-up water 
heater) 

82 lire/kWh 

Cost of integrated energy (auxiliary plant with diesel oil back-up water 
heater) 

173 lire/kWh 

Cost of electric energy  340 lire/kWh 

Annual energy loss (where ‘f’ is the annual solar fraction and the factor 
(f*L) represent thermal load to be covered by the solar energy) 

1% (f*L) 

Interest rate  3.5 % 

Inflation rate 2 % 

Inflation rate relevant to the energy cost 2% 

Solar fraction as a function of number of collectors  See Fig 12 

Annual energy requirement 100000 kWh 

Economic lifetime  15 Yrs 

Contribution toward the capital cost 30% of total cost 

Efficiency of conventional plant if constructed using a methane back-up 
water heater  

85% 

Efficiency of conventional plant if constructed using a diesel oil back-
up water heater 

85% 

 

���-
�����%�����'*&((�	�
�������
��������������������
�������������
��������
�������$��
���
�����
��������6>O����
�������	
�����������������������
����������1���
��+:��D�������
������
���1���
��+;���

�����������������
�������������������������	�
���	�C<�'�����	������������
��������	
8>���
�M�*��	�
�����
�����	�;����
�(�

��������� �	� ��� ���� ������ ��� �� ����
� ������ ��� ���������������
� �� ��� ��������� �� �
��������
������������
����
�������������
�	��������
����������	�������������������	�����
������
�������������������������
����
����&�������������������������
������	�����������������
�������
�������

&�����������
������������������������������������$��������������������
����
���������

������������
����������
�����������
��������
������������	����1�
��������������������	��
�������
���
�����������������������������/

rend

Lf
Rprim

⋅= ')>(



�� ���������	��
� ������ �	����
�� �	
�� ��� �	�� ��� ��������� ����

���
��
�������������������	�����		���������-���������������������������M��	��������'��������(/

*��
��'
����

����������������	���
��	��������������������
����������������	�����3����	�����������
	���
��	�!/

�
�������������	�����������������������������
���
����������#������:�

-100

-50

0

50

100

150

200

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Years

N
et

 P
re

se
nt

 V
al

ue
 (

x1
06

 li
re

)

Integrated with Diesel Fuel

Integrated with Methane Gas

-100

-50

0

50

100

150

200

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Years

N
et

 P
re

se
nt

 V
al

ue
 (

x1
06

 li
re

)

Integrated with Methane Gas

Integrated with Diesel fuel

1����+:� ���������%����������	��������	�����������		�
����������
�����
���
����
��������6>O
�������������CC

1����+;� ���-
�����%����� ��� �� 	������� �	� �������� ��		�
��� �������
�� ���
��� 
����
���� ����C
����������'��
��8>M�*��	�
�����
�����	�;����
�(

 Rprim. (kWh/year) Remiss. (CO2)  
(in Tonnes) 

Integrated to Methane 81176 216 

Integrated to Diesel oil 97647 393 
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