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The current planning guidance in London requires that all new or refurnished large buildings should include 20% renewables. As part of a
study on urban wind a pilot investigation based on the building integrated wind turbines on the skyscraper Strata Tower in London will be
monitored for acoustics, anemometry and electrical generation. Strata Tower is a 150m building in an urban location with three 19 kWe turbines
in a specially designed venturi housing. The effect of the wind turbines on residents, the local community and the building structure will be
assessed and reported.
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INTRODUCTION
In 2004 the Mayor of London outlined an energy strategy to make London ‘more green’, to achieve
a 60% reduction in London’s carbon emissions and become a low carbon economy (Mayor of London,
2004, p.32). The governments reduction targets were set towards supplying 10% of UK electricity
demand via renewable energy sources with the goal of extending this to 25% by 2025.This plans goals
are to be met utilizing, amongst other renewable energy systems, wind power.
We are fortunate in England to be surrounded by coastline and have expansive, open rural
countryside surrounding our major cities; ideal areas to capture uninterrupted wind flow and build wind
farms. Despite an encouraging amount of proposed and successful installations around the country
there is still a great amount of public opposition, usually because of aesthetics.
In this year alone we have unfortunately seen planning permission refusals in four different counties
due to negative opinions from residents who fear that turbines will ruin landscapes and destroy local
areas of natural beauty.

URBINES: Wind turbine installation in an urban area.
Securing an optimum site location for a wind turbine is crucial for an efficient installation able to
extract the maximum amount of power from a, hopefully, undisturbed flow of air. A general rule of
thumb stating that the lowest point of the wind turbines swept area should, ideally, be at least 30-50ft
above the tallest thing around within 500ft radius. This ideal, uninterrupted wind flow scenario within a
built up city seems highly implausible. The local topography of rooftops, tall structures and long,
winding streets would cause unpredictable, irregular flow, high wind shear and a complex turbulent
flow as well as acceleration across rooftops and tunneling, venturi effects at ground level.
This all equates to urban areas being far from ideal but in 2007 London saw Brookfield Multiplex
begin construction on the worlds first residential skyscraper to include wind turbines in to the fabric of
its architecture and design. In June 2010 the Strata tower was complete, a 150m high, 43 storey
complex residency to over 1000 people including top floor penthouses valued between £1.2M and
£2M. Having three 5 blade, 9m diameter, 19kW custom turbines installed in its structure the strata has
an estimated energy production of 50MWh per year, enough to produce 8% of the towers annual
energy consumption.

FIGURE 1. A photo of the Strata building and surrounding area taken from the north west of the site.
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FIGURE 2. This photo shows a close up of the three 5 bladed, 19kW turbines in the specially designed
venturi taken from the south.
These predictions are taken from manufacturer power curves using an annual average wind speed,
likely to be extrapolated from the 10m data measured at the Meteorological office at Heathrow airport
(London’s nearest recorded wind data catalogued as part of the 10 year CIBSE TRY data recorded
between December 1997 to November 2007) which is ~20miles away and geographically very
different (CIBSE, 2006). They are also highly dependent on a reliable uninterrupted wind resource,
which is not to be expected within a city.
The primary barriers of precisely estimating the energy generated include the uncertainty over the
wind estimate, the uncertainty of how the shape of the building will influence those wind speeds and
the uncertainty over the bespoke wind turbine design that has incorporated various Health & Safety
aspects to ensure the turbines can safely and continually operate for the lifetime of this residential
building.
Between Brookfield Multiplex and ourselves at London South Bank University we set up a project
framework to help study and assess the Strata tower with an aim of more fully understanding the
installation and it’s potential in an Urban environment.
The main framework objectives:
1. To understand what the energy generating performance of the installation is over a minimum
consecutive 24 month time period.By measuring the wind resource at the top of the building
through anemometry, and monitoring the electricity produced by the turbines a real world
power curve for the turbine can be produced. This can then be compared to the manufacturer's
claim.
2. To understand the local wind regime and collect site specific wind data. By using CFD
software it will be possible to simulate the wind resource based on the urban topography,
turbulent flow and turbine installation of the Strata site. This will be used to investigate what
if scenarios. This will be piloted using the existing Heygate Estate data (Muir, 2008) to
demonstrate the effect of the Strata building on the energy yield of the Proven wind turbine.
3. To understand the noise generated from the turbines and how this impacts the rooftop,
adjacent apartments and at various distances including street level, as appropriate. This can be
further divided into noise propagating into the local area, and noise propagating into the
building. Environmental noise mapping software will be used to determine the level of
annoyance caused by the wind turbines, in particular at night. The predicted noise levels will
be compared to those measured. Noise levels in most susceptible positions within the building
to be measured will include the worst-case conditions. This will be used to determine if the
turbines affect the residents.
4. To understand the vibration generated from the turbines and how this impacts the rooftop,
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6.

adjacent apartments and at various distances including street level, as appropriate. This can be
further divided into vibration from the turbines, the vibration entering the residences to
establish the level of annoyance. The vibration will be measured on the frame holding the
turbines to determine vibration at source. These values will be used to determine how the
structure transmits the vibration.
To understand the local wind regime and how it will correlate to the buildings location. This
will allow a detailed assessment of the local wind regime at the wind turbines. From this we
can produce a working power curve for the installed turbines and compare to the
manufacturers predicted curve. This will also contribute towards the assessment to the
turbines efficiency.
To assess what effect the buildings structure, shape and locations have on the local wind
speeds, how the turbine itself will affect the local wind flow and how the venturi and turbine
installation will affect the local wind flow.

As shown in figure 2 the Strata building is far taller than any of the surrounding topography and
architecture suggesting that at the height of the turbines an uninterrupted, smooth wind flow may be
achieved. By CFD design and modelling local wind data can be used to model differing structural
scenarios and how this affects the local wind flow. This will allow comparisons of design and location
as well as installation optimisation (turbines, venturi, building and site location) to be tested. A 1 mile
radius 3D model has been built to use in our chosen CFD software, Urbawind (Meteodyn, 2012). This
will aid us in estimating wind flow using current topographic data and hypothesise with new proposed
developments and locations.

FIGURE 3. 3D Model of Southwark, south London (Strata Building centred).
Synchronised measurements of noise, vibration, energy production, wind speed and wind direction
will be recorded over a two year period. The collected data will be analysed to gain a detailed annual
report not only of the local wind regime but of the resultant noise and vibration profile this wind
regime produces for the installed turbine system as well as a detailed report of site available energy,
actual energy output, power curves and capacity factors.
As site access has only just been granted we are yet to log any substantial data but I can present to
you some initial in situ background data. A Svantek SVAN 958 4 channel, class 1, sound and vibration
analyser was used to record 1 channel of noise (1/3 octave band LAEQ, L10, L90) and 3 axis
accelerometer readings (VDV, RMS and MAX using Wd and Wb weighted filters) simultaneously
with a MK 250 ½” microphone, SV 12L preamplifier and SV3143 100 mV/g triaxial accelerometer.
As can be seen from figures 4, 5 and 6 the microphone was securely fastened to the access ladder
within the venturi enclosure while the accelerometer was fastened to lower inertia structure to collect
direct turbine vibration data.
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FIGURE 4. Microphone and accelerometer placement with regard to turbine venturi and inertia base.

FIGURE 5. Photo of microphone positioned within turbine venturi.

FIGURE 6. Photo of SVAN 958 meter and tri-axial accelerometer in position on turbine inertia base.
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It is worth noting at this point that damping is in place between the turbines inertia structure and the
concrete floor below as shown in figure 6. We are planning on using a Svantek SV 106, 6 channel
vibration meter fitted with 2 SV3143 100 mV/g tri-axial accelerometers along side the SVAN 958
meter to simultaneously assess the current isolations effectiveness. Two weeks' worth of data was
logged, one weeks worth of background data with the turbines inactive and one week with them
actively turning.

FIGURE 6. The graphs above plot sound pressure levels over 1 week.
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FIGURE 7. The graphs above plot a statistical analysis of collected data over a 2 week period

FIGURE 8. The graphs above plot maximum vibration, RMS measure of vibration/displacement and
Vibration Dose Values recorded in the Z axes of the inertia structure.
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DISCUSSION
Unfortunately some issues have affected the projects progress. The unique design of the turbine
installation requires incredibly stringent health and safety precautions to be taken. A sensor had to be
installed to ensure the turbines would shut down when the buildings custom window-cleaning winch
was deployed and/or any of the turbine venturi maintenance hatches were open. Unfortunately the
sensor circuit malfunctioned and in the process of being rewired, which will leave the turbines inactive
until the works completion. The turbine installation has a remote logging system in place to log
atmospheric variables including wind speed, direction, density, barometric pressure and rainfall. This
too has been faulty and is in the process of being re-installed and upgraded. Therefore without any
anemometer data any comment on the active turbines noise and vibration results and the differences
found within would be conjecture but we very soon hope to be able to collect a full set of data to
assess.

CONCLUSION
Urban turbines could provide a serious contribution to lowering London’s CO2 emissions and
produce an efficient form of renewable energy. By being included into the buildings architecture from
design stage negative views on aesthetics and ruined landscapes common with rural wind farms can be
overcome. With proper vibration and noise control structural problems as well as noise pollution and
annoyance concerns avoided. A pilot study into the local wind regime is critical. It doesn’t matter how
cutting edge or aesthetically pleasing the technology is, without wind there is no power, just wasted
money, time and resources. With this knowledge an acceptable location, height, direction and system
can be designed for and an efficient urban turbine installed.
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