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added value. Another purpose could be the opposite: a discrete adaption to a sensitve environment.
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1 Introduction
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2 NBS Typologies and Description
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Parking meters, information signs,

ticket vending machines,

information boards, etc.

Height 1.2-1.5 m 25-100 W 0.2-1.0 m2

�����
�
 Fences, gates, noise barriers, etc. Height 1.2-2.5 m 100-500 W/m 1.0-5.0 m2/m

��
��
�

Bus stops, telephone boxes,

parking, umbrellas, information

stands, etc.

Height <3.0-3.5 m

Area: 1-9 m2 50-200 W 0.5-2.0 m2

���
�

Pavilions, toilets, refreshments,

news-stands, etc.

Height <3.0-3.5 m

Area: 5-20 m2 1.000-10.000 W 10.0 - 100 m2

��	��
�����
� 

���������������



Street lights, street signs, commer-

cial signs, road signposts, etc.
> 3.0-3.5 m 10-100 W 0.1-1.0 m2

!���������
� 
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Screen road signs, screen

publicity structures, etc.
Height > 3.0-3.5 m 500-1000 W 5-10 m2
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3 PV Implementation Problems

Location

Shading and low irradiation
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Soiling and module degradation
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Small available surfaces
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Wind
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People

Vandalism

-	��	�
 ��
 �	� ��
�� �&�������
���
�
� �	����� � ������	����� ���������*�'	�	���� ����������
%

������!���"������	���?�
&�����	������"����	� �	��� ��&�!
���! �	���	�������� 
����	����

!��"�����
��� ��������� �� &���
�������� �����*���
 �&��������	�������� �������������+-������%

�
���	������	��� ����������	������
�������� ��!	��!
���	&&��&�
	����� 
��� ��	���
� *

Theft
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Technical Performance

Maintenance, Repair & Replacement
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Appearance
Installation in special areas
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Visual Impact
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Implementation Problems for NBS Typologies
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Parking meters, information signs, ticket

vending machines, information boards, etc.

Vandalism, theft, low irradiation, small

available surface, repair & replacement

�������
 Fences, gates, noise barriers, etc.
Vandalism, theft, soiling, repair &

replacement

�������

Bus stops, telephone boxes, parking,

umbrellas, information stands, etc.

Vandalism, low irradiation, repair &

replacement

���
�

Pavilions, toilets, refreshments, news-

stands, etc.

Vandalism, low irradiation, small available

surface, repair & replacement

��	�����������

����������������


Street lights, street signs, commercial

signs, road signposts, etc.

Vandalism, wind, small available surfaces,

repair and replacement

�������������

����������������


Screen road signs, screen publicity

structures, etc.

Vandalism, wind, small available surfaces,

repair and replacement
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4 Design Strategies

Protection

������

����
���
���� ��

����
���
����

Technical Improvements

������ Integration of the module into the NBS shell in such a way that it will not be seen.

���	
���
���

Odd/very special module sizes, colours, voltages, which render the module
useless or difficult to use in everyday applications.

���������
����
�

��
 Using rivets or screws that require special tools to operate.

�	�
��
����
�

��
 To make it difficult to reach the module by using fences, posts, etc.

��������	
��
	
����
���	� Using extra strong/flexible materials such as plastic covers instead of glass

��������������������
��
Using extra strong joints and connections between the modules and the structural

components to resist wind loads, etc.

�	
���������
���
���
������

Electronic remote control and localisation systems can be incorporated into the

modules and would therefore be necessary in order to operate the system. These

could also avoid theft because it would not be possible to use the module without the

remote control device.

����	
�
������ By etching the module with a specific code or sign, which could be identified and

recognised on later inspection.

��
����
�����
���
Use of energy efficient consumption devices such as sensors, LED lamps, etc. will

reduce the photovoltaic area required.

�	
����������
�� Machines for efficient cleaning of modules (cleaning systems are used in Sweden for

reflective posts along roads in wintertime using high-pressure systems)

�
�	
�����
By using reflecting irradiation elements/surfaces in order to increase the available solar

gain of the PV modules when local conditions are not optimal.

��	���������������
�
By using systems that could absorb wind loads through the elasticity of their structural

elements.
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Design Flexibility and Adaptability

Aesthetic Improvement

Others

Multi-oriented systems
Making flexible mounting systems to allow the modules to be moved to the

optimum direction independently of the orientation of the NBS

Dismounting systems
Avoiding using permanent joints and connections makes maintenance, repair and

replacement of modules easier.

Independent systems
Separation between PV mounting components and NBS in order to allow for

mounting and dismounting operations independently.

Expandeble systems The design easily allows the addition of new PV modules to the NBS.

Integration Integration of module into the NBS shape

PV aestetic characteristics
Use of the aesthetic performance of the PV cells and modules such as texture,
colour, laminate materials, module framing alternatives, etc.

Double function
The addition of several simple functions in the same NBS is a simple way to
reduce the costs of the installation.

Standardisation
Avoiding using permanent joints and connections makes maintenance, repair and

replacement of modules easier.

Posts
Using a post for the module to increase the available irradiation or to make it

difficult to reach the module.

Instructions/manuals
Providing mounting and dismounting instructions incorporated in a visible place in
the NBS to guide maintenance personnel and prevent inappropriate operation.

Information
Use of environmental, economic  information etc. in an effort to convince people
not to steal modules, and to use them correctly, etc.
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5 Case Studies

Urban Street Equipment

����
��������
����
������	����

����� ���� ������ ���������

���������
������������	����������

����� ��� ������ ��
� ���
�����

��	������
����������� ��� ���
��

�������� ������!���
���������	����


�������� ����������������

PV illuminated bus timetable
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���������� Smart design, safe mounting system
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������������ Energy efficient devices
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������������ Integration
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��� Small available surface
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���������� Hiding, integration, strong structure, safe mounting
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������������ Energy efficient devices
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“DG Line” PV parking meter
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“Infoconcept” PV Street Information Board
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����������� Combining systems
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������������ Integration, aesthetic appearance
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��� Standardisation, Double function
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”ParkLine 2001” PV parking meter

�����	�����
���	 '�������	��
������������������ �������	������(�������&������"����
����)*�	���+
��!



��/���

��������	
�	�������

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


���������� Hiding, protection systems.
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������������ Efficient consumption devices
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����������� Multi-oriented systems

������
��
������������

��
��� Posts

”Mesap-Universal 2000” PV parking meter
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��� Standardisation

”TOM 94” PV parking meter
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PV powered timetable lighting
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Solar Electric ”Sunflowers”
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Barriers

PV Wheel Block
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����������� Expandable system
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������������ Integration, esthetical appearance
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��� Standardisation, double function
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Bifacial PV Noise Barrier
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PV  Pedestrian safety handrail
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“Zig-Zag” PV Noise Barrier
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PV bus shelter
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���������� Smart designs
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������������ Flexible materials
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����������� Design flexibility and adaptability
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������������ Integration, aesthetic characteristics
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��� Double function

Shelters

Bahnhof 2000 Station PV Roof
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���������� Strong mounting system
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PV Railway Station Canopy
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PV bus shelter
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PV Umbrella

$�������	�����	������ ��	����
� �����,� ���-,�
������3� ��

������
� ������� ��� ���� ��	��� ������ 	��
������3� ��
� ����

�������� ���
����� � $��� ��������� 	�������� ��� �� �����

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

�����������	����������������%�������������	����$���
�����

��� ���� �������%���������3�����
���	�����������	���� ���

����	����3��������������������	������������������		��������

��	����������������������
���������������3��������3���������3

��
�����������������&�������$������7�	�������������������

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

���� 	����3� ��� ����� ���� ��7�	�� ���� ����
� ����� ���

������������ ��� ���	�� ��� ��� ���
3� �������� ��������� ���

�&�����3�������
�������	�������������

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

��������	
�	�������

���� ������
����

����������

	��
�����
������������ Easy mounting and installing technology

������
����������� Flexibility of accessories

������
��
������������ Integration

��
��� Double function, Standardisation

PV car shelter

#������ ��� �� ����
��
� ���&����3� ������������ ����	����� ���� �

	������������

��������	
�	�������

���� ��� �
�����	�


���������� Hiding.

	��
�����
������������ Flexible materials

������
�����������

������
��
������������ Integration, aesthetic appearance

��
��� Double function

�����	��	��	��� ��.��/!



��(���

Kiosks

ENEL PV Kiosk
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Single “Aerial” Structures

“Solight” PV Street light
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PV Road lighting Sign

��������	
�	�������

���� ������������	��������

���������� Safe mounting systems

	��
�����
������������ Strong materials, efficient consumption devices

������
����������� Multi-oriented system

������
��
������������ Integration

��
��� Poles

�����&�	���	����&�	���������"���������!

$���� ���
� ����� ��� �%�����


����� �� ����	����������� 	���

�������������
��������������

���� ����������� ������ � $��

���������������������������


���������"#�
���	���������

������� 	������������ � 2

��	����	�
����� �������� ��

��	��������
� ������� ���

������'��&)�

“Soluna Stroomwerk” PV Streetlight

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

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


��������.;D����
�*,,D��		��
�������������������

	�������������������������2���������������������
���

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

���������
����3����	�������������������������������

�����&�	�����	����������
����������	��
&�	�"

��������	
�	�������

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

���������� Pole, smart design, safe mounting systems.

	��
�����
������������ Energy efficient devices

������
�����������

������
��
������������

��
���



��(,��

PV Information pole
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Olympic Boulevard PV Lighting Towers
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Annex - Outcomes from the workshop held at the 8th IEA PVPS Task
7 meeting in Stockholm, September 2000
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Em ergency telephone

O rientation lighting

M eteorological sensor

Traffic m onitor

Em ergency call lighting
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