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TNO
TNO is an independent innovation organisa-
tion.  TNO connects people and knowledge 
to create innovations that sustainably 
boost the competitive strength of industry 
and the welfare of society. 
TNO’s more than 4000 professionals work 
on practicable knowledge and solutions for 
the problems of global scarcity.

TNO works on transitions and innovations 
that contribute to sustainable design and 
building for comfortable living in a densely 
populated country.

PARTICIPANTS 
The current participants in this study are: 
Agentschap NL, Flamco, Solaraccess, 
IBC-Solar, Energiebau, Renusol, Van der 
Valk Solar Systems, SolarNRG, Oskomera, 
ZEN Renewables/Mounting Systems and 
Derbigum.

MORE INFORMATION?
For more information about the wind tunnel 
study, please contact Tessa Koster, TNO, 
telephone (088) 86 684 85 or e-mail tessa.
koster@tno.nl. 

DEVELOPMENT OF NEN 7250 ‘BUILDING 
ASPECTS OF SOLAR ENERGY SYSTEMS

REGULATION
The mounting of solar energy systems on 
facades and roofs must comply with the 
legal requirements as are put down in the 
Building Decree. These requirements cover 
the total integrated system: the panel 

including the roof and/or facade. For solar 
energy systems this means that they must 
be sufficiently robustly mounted, be 
fire-retardant and cause no damage (or the 
possibility of consequent leaks) to the roof 
and facade.
 
WHY MAKING A STANDARD?
By making a standard the interested 
parties know what they can expect of each 
other and how the quality of their product 
can be safeguarded.
 
The standard is relevant for any supplier, 
installation company, consumer and 
organisation that regards renewable energy 
generation as important and has an 
interest in the wider application of solar 
energy systems. 

 

MAKING A NEN STANDARD
The agreements that are necessary will be 
put down in the NEN 7250 standard for 
which a technical committee has been 
established. This committee comprises all 
the relevant parties involved and thus 

TNO.NL

ensures broad support, quality and proper 
application. The standard sets out 
performance requirements and test 
methods for the application of installed 
solar energy systems as an integrated part 
or individual element of the roof and 
facade of buildings. A system that is 
mounted in line with this standard 
complies with the principles and (legal) 
requirements in respect of the safety and 
utilisation of building constructions. 

TECHNICAL COMMITTEE
Participants in the technical committee 
are: Holland Solar, SolarAccess, TNO, 
VEBIDAK, Agentschap NL, Het Hellende 
Dak, BDA Dakadvies and Monier.
 
PARTICIPATE AND DECIDE?
Standardisation is open to every stakehol-
der. If you wish to participate and co-decide 
on the development and drafting of the 
new NEN 7250, contact Annemarie Mewe, 
NEN Bouw, telephone (015) 2 690 161 or 
e-mail annemarie.mewe@nen.nl. 

Source:	TNO,	Netherlands	
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Figure 5: View of the wind tunnel model Left: with closed structure, and no parapets. To the 
right: solar energy systems with open structure, roof with parapet. 
 
 

Source:	Geurts	&		
Van	Bentum,	TNO	

BL	Wind	Tunnel	Studies	



Source:	Leighton	Cochran,	Solar	
Panel	Report	to	SWEC,	2011	

More	wind	tunnel	
tests	
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Problem	solved,	right?	



Force coefficients depend strongly on the shape and dimensions of the product 
applied, and in case of add-ons also on the flow field around the building. General 
values for such elements are not given in standards. These require both product-
specific research (e.g. in wind tunnel) and project-specific research (effect of building 
size and dimensions), or the use of safe, conservative values. A value for cf equal to 2 
which is an upper limit for structural elements in EN 1991-1-4, while applying a value 
of ce at z = (ridge) height of the roof, is regarded as sufficiently conservative. Products 
like roof vents, but also small scale wind turbines, may be regarded in this group. 
 
 

 
Figure 1: examples of add-ons to a building 
 

Subclass 2: Systems placed on flat roofs 
A special case of add-ons on buildings is the group of solar energy systems which are 
mounted on flat roofs, both as stand alone systems on dwellings as well as mounted in 
large scale solar energy plants. The large potential in Europe of both existing and new 
flat roofs makes this case a very important one. The wind loads may be described 
using the following expression 

v2
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, bnetpe czcW ρ  for the net pressure over a solar energy element, or 

v2
1   )( = 2

bpe czcW ρ  for the pressure on a surface. 

 

 

 
Figure 2: examples of solar energy systems placed on flat roofs, both small scale and 
large scale solutions 

Closed,	low	mounXng	system;	Source:	TNO,		
Geurts	&	van	Bentum;	HERON,	Vol.52	(2007),	
	No.	3.	

Pedestal	mounXng	system,	roof,	Sea^le,	WA.	

ASCE7-16	is	limited	in	its	applicaXon	to	closed	or	low	mounXng	systems.	



Ellensburg,	Washington	is	windy…	

Source:	Cliff	Mass,	
Weather	of	the	Pacific	
Northwest,	UW	Press.	
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Solar Panel Array Wind Loading Project 
 
Twelve pressure sensors were installed on a PV array located on a series of rooftop panels at the 
three story Hogue Building of Central Washington University in Ellensburg, Washington.  
Figure 1 shows the Google Earth shot of the entire panel array; we only took measurements at 
one end. 
 
 
Twelve (12) sensors, one per panel in a small corner group, were installed in the approximate 
one-inch railing between the panels as shown in Figure 2. 
 

 
 
 
 
The arrays are arranged in two vertical sets, with three in each vertical “column”.  The panels are 
inclined about twenty-seven degrees.  The next set of figures provides some background.  The 
units in the drawing are inches.  An ultrasonic anemometer was incorrectly installed at the top of 
the panels so that the recording of net pressures would only start at wind speeds greater than 10 
mph, but we used this only as an approximate guide to the readings.  
 

Aerial view of Hogue. Panels are on the 
rooftop. N-S axes alignment within 3 
degrees. 



Close-up of underside of panels at the edge of the 
roof. Angle (fixed) is approximately 27 degrees.   
The measuring equipment is shown.

12	

11	

10	



Instrumentation designed by Murray Morrison, IBHS.

Bo^om	of	panel	



Top of panel



Set-up viewing  from the rear of the panel placement as in previous slide.
Note that anemometer placement is too low, so Ellensburg airport (Bowers Field) 

data used to examine and confirm peak wind velocity data on site.

Units	in		
inches	

Source:	DusXn	Waytuck	(2014)	

Each	panel	is	
32.5	in	by	
62.25	in.	

	



Calculation of Cp

𝐶𝑝= ∆𝑝/1/2  𝜌𝑈↑2  	

We	calculated	the	∆𝑝	from	the	panel	data	converXng	from	voltage	
to	psf	values.	
	
We	used	the	mean	velocity	U	at	Bowers	Field	over	15	minutes		(900	
seconds)	for	each	Xme	series	to	calculate	the	1/2  𝜌𝑈↑2 .		
(The	density	data	we	also	calculated).	
	
If	we	want	to	evaluate	Cp	for	the	3-sec	gust	speed,	we	can	use		
the	Durst	plot,	which	would	result	in	dividing	the	Cp	values	by	2.16.		
Or	we	can	look	up	the	recorded	gust	speed	using	the	QCLCD		
spreadsheet	data	for	the	record	Xme	frame	for	nearby	Bowers	Field	to	make		
the	conversion	directly.	
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Velocity	for	this	storm:		mean	=	15.5	mph	[6.9	m/s];		peak	is	29.5	mph	[13.2	m/s].	
Time	
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4. Using	the	data	in	(3),	plot	the	peak	values	on	a	drawing	of	the	panels	to	see	the	

location	of	the	peaks.	
	

	
Figure	4a.	Peak	Value	Range	of	Each	Sensor	–	Min	

	

	
Figure	4b.	Peak	Value	Range	of	Each	Sensor	–	Max	

	
	

Row	1	

Row	2	

Row	3	

Row	4	

Using	set	of	143	records	
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4. Using	the	data	in	(3),	plot	the	peak	values	on	a	drawing	of	the	panels	to	see	the	

location	of	the	peaks.	
	

	
Figure	4a.	Peak	Value	Range	of	Each	Sensor	–	Min	

	

	
Figure	4b.	Peak	Value	Range	of	Each	Sensor	–	Max	

	
	

Row	1	 Row	2	 Row	3	 Row	4	
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Summary & Conclusions

>  Measurements were made of Cp values on an array of full-scale 
panels, in “pedestal-type” framing, near the corner of a lowrise 
building located in a campus setting.   

>  The Cp time series derived from the measurements are similar to 
those obtained for roof pressures: highly non-Gaussian. Their 
influence on panel strength degradation will be investigated 
numerically. 

>  The ASCE7-16 GCrn values are limited to single row, closed 
mounting systems.  Given the variety of roofing conditions, and 
panel configurations, an expansion of the Standard in the future 
seems warranted. 

>  The relationship between the (much higher) Cp_min values for the 
panel array here and the GCrn values prescribed in ASCE7-16 is 
unclear. 


