




�s�{��
��
��

�D�Q�Q�X�D�O���H�Q�H�U�J�\���S�U�R�G�X�F�W�L�R�Q���D�Q�G���S�D�\�E�D�F�N���S�H�U�L�R�G�V���Z�H�U�H���F�D�O�F�X�O�D�W�H�G���E�D�V�H�G���R�Q���W�K�H���V�D�P�H���P�H�W�K�R�G���s��
�G�H�V�F�U�L�E�H�G���L�Q���V�H�F�W�L�R�Q�������������t��

�u��
�7�D�E�O�H���������3�D�\�E�D�F�N���S�H�U�L�R�G���D�Q�G���H�V�W�L�P�D�W�H�G���D�Q�Q�X�D�O���F�D�V�K���I�O�R�Z���F�D�O�F�X�O�D�W�L�R�Q�V���I�R�U���W�K�H���&�H�O�H�Q�W�D�Q�R���+�D�O�O���3�9���v��
�V�\�V�W�H�P���X�S���W�R���L�W�V���������\�H�D�U���O�L�I�H�W�L�P�H�����9�D�O�X�H�V���Z�L�W�K�L�Q���S�D�U�H�Q�W�K�H�V�L�V���L�Q�G�L�F�D�W�H���Q�H�J�D�W�L�Y�H���Y�D�O�X�H�V�������w��

�<�H�D�U��
�,�Q�V�W�D�O�O�D�W�L�R�Q��
�&�R�V�W���D�Q�G��
�2�	�0����������

�(�O�H�F�W�U�L�F�L�W�\��
�F�R�V�W��

�������N�:�K����

�(�O�H�F�W�U�L�F�L�W�\��
�*�H�Q�H�U�D�W�L�R�Q��

���N�:�K����

�(�O�H�F�W�U�L�F�L�W�\��
�&�R�V�W��

�6�D�Y�L�Q�J�V��
��������

�=�5�(�&��
�&�U�H�G�L�W��

��������

�,�Q�V�X�U�D�Q�F�H��
��������

�(�I�I�H�F�W�L�Y�H��
�&�D�V�K��

�)�O�R�Z����������

�&�X�P�X�O�D�W�L�Y�H��
�&�D�V�K���)�O�R�Z��

��������

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

�x��

�y��
�)�L�J�X�U�H���������6�H�F�W�L�R�Q���R�I���W�K�H���8�1�+���0�D�L�Q���F�D�P�S�X�V���D�H�U�L�D�O���Y�L�H�Z�������z��
�1�R�W�H�����6�K�D�G�H�G���D�U�H�D�V���F�R�U�U�H�V�S�R�Q�G���W�R���E�X�L�O�G�L�Q�J���U�R�R�I�W�R�S�V�����Z�K�H�U�H���Q�X�P�E�H�U�V���L�Q�G�L�F�D�W�H���L�Q�G�L�Y�L�G�X�D�O���E�X�L�O�G�L�Q�J�V�����������R�I���W�K�H���������{��
�V�H�O�H�F�W�H�G���E�X�L�O�G�L�Q�J�V���I�R�U���I�X�U�W�K�H�U���D�Q�D�O�\�V�L�V���Z�H�U�H���V�K�R�Z�Q���L�Q���W�K�H���I�L�J�X�U�H�������s�r��

�s�s��
�(�D�F�K���U�R�R�I���Z�D�V���W�H�V�W�H�G���I�R�U���L�W�V���V�W�U�X�F�W�X�U�D�O���F�D�S�D�F�L�W�\���W�R���K�R�O�G���D�G�G�L�W�L�R�Q�D�O���Z�H�L�J�K�W���L�P�S�R�V�H�G���E�\���V�R�O�D�U���s�t��

�S�D�Q�H�O�V���Z�H�L�J�K�L�Q�J���D�E�R�X�W���������N�J���H�D�F�K�����,�I���D���U�R�R�I���K�D�V���W�R���E�H���U�H�S�O�D�F�H�G���E�H�I�R�U�H���W�K�H���G�H�V�L�J�Q���O�L�I�H�W�L�P�H���R�I���W�K�H���s�u��
�3�9���V�\�V�W�H�P�V�����W�D�N�H�Q���D�V���������\�H�D�U�V���L�Q���W�K�L�V���V�W�X�G�\�����W�K�H���U�R�R�I���Z�D�V���F�R�Q�V�L�G�H�U�H�G���W�R���E�H���X�Q�V�X�L�W�D�E�O�H���I�R�U���Q�H�Z���3�9���s�v��
�L�Q�V�W�D�O�O�D�W�L�R�Q���D�V���W�K�H���F�R�V�W�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���X�Q�L�Q�V�W�D�O�O�L�Q�J���3�9���D�U�U�D�\�V���Z�R�X�O�G���E�H���L�Q�K�L�E�L�W�L�Q�J���>�����@�������s�w��

�$���S�U�L�P�D�U�\���F�R�Q�F�H�U�Q���Z�D�V���W�K�H���Q�X�P�E�H�U���R�I���S�R�W�H�Q�W�L�D�O���3�9���S�D�Q�H�O�V���W�K�D�W���F�R�X�O�G���E�H���S�U�D�F�W�L�F�D�O�O�\���I�L�W�W�H�G�s�x��
�R�Q�W�R���W�K�H���U�R�R�I�V���R�I�� �Y�D�U�L�R�X�V���E�X�L�O�G�L�Q�J�V���� �D�V�� �H�D�U�O�L�H�U���D�Q�D�O�\�V�L�V���R�Q���&�H�O�H�Q�W�D�Q�R���+�D�O�O�� �K�D�G���L�Q�G�L�F�D�W�H�G���W�K�D�W���W�K�H���s�y��
�G�L�I�I�H�U�H�Q�F�H���E�H�W�Z�H�H�Q���D�F�W�X�D�O���D�Q�G���W�K�H�R�U�H�W�L�F�D�O���Q�X�P�E�H�U���R�I���S�D�Q�H�O�V���F�R�X�O�G���E�H���V�L�J�Q�L�I�L�F�D�Q�W�����:�K�L�O�H���U�R�R�I���D�U�H�D�s�z��

�1��



20 
 
 

are of Celentano Hall was 2,186 m2, only 228 modules corresponding to 440 m2 were installed. In 1 
other words, each PV module may be assumed to practically require 9.6 m2 for installation.  2 

Table 10 present results of the economic analysis extrapolated to the UNH campus through 3 
the 26 buildings selected. Assuming similar spatial limitations in the placement of PV modules, a 4 
campus-wide PV installation would require somewhat more than 3,500 PV modules. Based on 5 
cash flow analysis at system end of life, all PV arrays returned a profit. The payback period ranged 6 
between 8-12 years depending on the building and its characteristics.   7 

The average annual electricity savings from a campus-wide PV installation on the roofs 8 
of the 26 buildings was estimated to be a $250,000. Therefore, total savings of approximately 9 
$6.3 million could be expected over the 25 year design lifetime of the system. These numbers 10 
should be evaluated with regards to current expenditures of the University. Energy costs make up 11 
a significant portion of the overall university operation expenses, where UNH was spending 12 
approximately $3 million annually for electricity. 13 

 14 
Table 10. Building characteristics and electricity consumption, estimated electricity generation, 15 
and payback period calculated for each building 16 

Bldg. 
No. Building 

Annual Elec. 
Consumption 

(kWh) 

Roof 
Area 
(m2 ) 

Estimated 
No. of 
Solar 

Modules 

Estimated 
Annual 

Generation 
(kWh) 

Cash Flow 
after 25 

Years ($) 

Payback 
Period 
(Yr) 

1 Arbeiter Maenner Chor 37,789 248 26 9,446 63,650 9 
2 Bartels Hall 985,520 1,493 156 56,675 223,711 12 
3 Beckerman Rec. Center 719,120 3,755 392 142,417 724,393 11 
4 Bergami Hall 597,600 1,196 125 45,413 198,914 11 
5 Bethel Hall 980,580 929 97 35,241 128,169 12 
6 Bixler Hall 285,480 1,048 109 39,601 171,862 11 
7 Bookstore/Security 157,160 702 73 26,521 141,020 10 
8 Botwinik Hall 331,840 744 78 54,133 235,248 11 
9 Buckman Hall 600,236 1,570 164 59,582 270,522 11 
10 Celentano Hall 1,425,900 2,186 228 82,834 360,290 11 
11 Charger Gymnasium 531,120 1,651 172 62,489 274,897 11 
12 Charger Plaza 270,105 795 83 30,155 201,826 9 
13 Dental Center 61,280 805 84 30,518 206,605 9 
14 Dodds Hall 948,960 2,133 223 81,018 351,481 11 

15 Dunham, Sheffield, 
Winchester Halls 827,200 3,601 376 136,604 542,258 12 

16 Echlin Hall 524,160 897 94 34,151 138,231 12 
17 Forest Hills Apartments 207,648 2,916 304 110,445 674,862 10 
18 Gate House 37,320 194 30 10,899 66,280 10 
19 Henry C. Lee Institute 301,920 389 41 14,896 59,880 12 
20 Kaplan Hall 229,506 668 70 25,432 123,095 11 
21 Maxcy Hall 700,320 900 94 34,151 143,469 11 
22 Peterson Library 117,200 1,380 144 52,316 279,161 10 
23 Ruden Street Apartments 66,583 606 63 22,888 154,564 9 
24 South Campus Hall 108,760 279 29 10,536 64,765 10 
25 Subway Building 15,980 275 29 10,536 92,390 8 
26 West Side Hall 117,200 2,340 244 88,647 408,136 11 
 Total 11,186,487 33,700 3,526 1,307,543 6,299,679 11 

 17 
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Economic benefits of a campus-wide solar PV implementation would have regional 1 
impacts as well. Through the use of the JEDI Model, the number of jobs that may be created as a 2 
result of the investment was calculated. By inputting project characteristics of the installed 3 
Celentano Hall PV system into the model, results indicate that 2 jobs were created locally. While 4 
this number is not much, it must be kept in perspective that the installed array was only a 67 kW 5 
system.  Should the University install PV arrays on the other analyzed buildings, the model 6 
yields 31 jobs created during construction and installation and 0.4 jobs during operation years. 7 
 8 
4.6. Assumptions and Further Discussion 9 
In order to analyze the economic feasibility of Celentano Hall PV system, it is essential to consider 10 
the assumptions made on the economic parameters. First, the time period for the financial analysis 11 
was considered to be 25 years, which was same as the life expectancies of typical solar panels. The 12 
discount rate and inflation rate were also assumed to be constant for 25 years. For the feasibility 13 
assessment on the PV system for the entire campus, only ZREC incentive was considered in the 14 
calculation because the Celentano Hall only qualified for ZREC. There are more government 15 
incentive programs in Connecticut, and a greater profitability can be expected if the project qualifies 16 
for other incentives. However, this study was conducted based on the data collected from Celentano 17 
Hall, thus the assumption was validated. In order to calculate the expected savings from electricity 18 
usage, future electricity rates were assumed to increase by inflation rate of 3% per year, which was 19 
determined based on the past electricity rate trend. The operation and maintenance cost for Celentano 20 
Hall was estimated to be $10 per kWh generation. Since the modules for the campus-wide PV system 21 
will be managed by the same company, it is acceptable to apply the same rate of O&M to the 22 
campus-wide PV economic analysis. Currently only six states mandate ‘Feed in Tariff’ in U.S. and 23 
Connecticut is not one of them. 24 
 Different methods can be used to achieve the objective of the study, to analyze the 25 
feasibility of campus-wide PV system. Solar irradiation at the studied region is required to 26 
calculate the theoretical estimation of solar PV generation. While different approaches are 27 
available, two most effective methods are clearness index and tilt angle of the module. Since the 28 
optimum tilt angle for the studied region was given from the installed PV system, tilt angle 29 
method was used to obtain the solar irradiation instead of clearness index, which required 30 
complex calculations. 31 
 The advantages of using NPV as an economic parameter when analyzing a long-term 32 
project are its realistic reinvestment assumptions and the ability to modify discount rate, allowing 33 
analysis on different risk levels. However, NPV requires assumed value for cost of capital. 34 
Depending on the level of assumed cost of capital, the investment can be predicted to be either 35 
too low or too high. The advantages of IRR method are it considers the time value of money 36 
when evaluating a profitability of a project, and it is simple to interpret.  However, the 37 
reinvestment assumed for this calculation is unrealistic, because IRR method ignores the actual 38 
dollar value of benefits. Discounted payback period shows a reliable result than a simple 39 
payback period because it considers the time value of money. However, this method ignores the 40 
cash flows after the payback period. Despite the advantages associated with these economic 41 
indicators, this study considered the all into analysis, because the results for all indicators 42 
validated the profitability of the project.   43 
 44 
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5. Conclusions 1 
The primary objective of this study was to assess the economic feasibility of expanding 2 

solar PV systems at the UNH campus under realistic constraints, by analyzing data from a 3 
recently implemented solar array on campus. In order to accomplish this objective, an economic 4 
analysis model was created based on data collected from Celentano Hall. The annual estimated 5 
amount of solar generation was 82,800 kWh, while the total cash flow was calculated as 6 
$360,000 over the design lifetime of the PV system. The payback period calculated by a multi 7 
factorial analysis was determined to be 11 years.  8 

In addition, the result of the economic analysis on the campus-wide PV system at UNH 9 
suggests that the project is profitable since PI is larger than 1.0. The NPV for Celentano Hall PV 10 
system is $81,996, and IRR of 8.74% is well over the discounted rate of 6%, both indicating that 11 
the project is profitable. 12 

Application of the economic model to other buildings on campus with varying 13 
characteristics, roof sizes, and electricity consumption yielded similar results, where all 26 14 
buildings analyzed generated a positive cash flow over the lifetime of the system. The payback 15 
period calculated for other buildings ranged between 8-12 years.  16 

In addition to geography and other environmental factors, state or federal incentives play 17 
an important role in current markets for PV systems [59]. For PV installations in CT, such 18 
incentives closely affect the payback period of a project and therefore may determine the 19 
outcome of the project. Most of the 26 buildings analyzed would qualify for ZREC incentives. 20 
The average annual electricity savings from a campus-wide PV installation on building roofs was 21 
estimated to be a $250,000. Total savings of approximately $6.3 million could be expected over 22 
the 25 year design lifetime of the system. These numbers should be evaluated with regards to 23 
current expenditures the University has. Energy costs make up a significant portion of the overall 24 
university operation expenses, where UNH was spending approximately $3 million annually for 25 
electricity.  26 

The conclusion of this research proved the feasibility of PV system installation at UNH 27 
with a reasonable payback period given ZREC incentives can be secured for a project. The 28 
results of the study together with its economic analysis could be used to assess the feasibility of 29 
PV systems at other universities in CT or in neighboring states that share similar climatic 30 
characteristics and economic factors. 31 

Installing PV systems on campus not only generates renewable energy that is used on-32 
site, thereby reducing building operation expenditures, but also can be used as an effective tool 33 
to raise the level of awareness of the greater university community towards renewable energy 34 
and towards sustainable efforts in general. Most students in higher education will graduate in a 35 
few years and start making decisions on where they live and work. Being exposed to renewable 36 
energy inherently during their higher education may alter their perceptions and expectations, 37 
therefore generating long term impacts.  38 
 39 
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