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1 INTRODUCTION 2 INCREASE ENERGY YIELD

Costs for onshore wind have generally been gradually 
decreasing over recent years however there are 
current economic and political factors which require 
a more substantial and faster reduction in costs. 

This required significant decrease in costs, be it to 
allow subsidy free developments or in order to win 
highly contested auctions, requires more than the 
standard reductions in costs that have previously 
been seen in the market. 

The ambition of cost reduction for projects requires a 
holistic approach and the need to look at the full life 
cycle. There is no obvious single solution to reduce the 
cost of onshore wind but the required cost reductions 
are likely to be made through the combination of 
many incremental gains.

This thought piece is going to explore different 
technical factors which need to be considered for cost 
reduction including:

• Increasing energy yield (and therefore income)

• Decreasing CAPEX and OPEX

• Maximising returns; and 

• Future Opportunities.

2.1 INCREASES IN WTG TECHNOLOGY

Over the last five years the key trend has been towards 
larger rotor diameters and uprated generators, 
particularly for the offshore sector but increasingly 
also for onshore turbines. These new, larger machines 
offer better yield and lower energy costs for a given 
installed capacity.

This trend shows no sign of abating in the near term. 
Major suppliers are expected to offer fewer small 
turbine models, and many smaller turbines at the 
lower capacity end of their product ranges are being 
discontinued. These may become the preserve of 
second-tier suppliers.

As an example of how available Wind Turbine 
Generators (WTGs) on the market have changed in 
the last 10 years figure 2-1 shows the largest WTGs 
in Vestas’ onshore portfolio for both high and low 
wind speed sites. From this it is clear to see that 
WTGs with rotor diameters in the region of 90m (i.e. 
V90 models) dominated the market for a number of 
years until around 2010 when manufacturers started 
to introduce larger rotor diameters. This has been 
enabled by improved materials, manufacturing, blade 
testing and transportation. 

Since then, the available rotor diameter for onshore 
WTGs has increased substantially. For example, the 
Vestas V117 4.2MW WTG (when compared with the 
Vestas V90 3MW) has a 30% longer blade, a 69% 
increase in swept area and a 40% increase in rated 
power. The Vestas V150 4.2 MW WTG (when compared 
with the Vestas V90 2MW) has a 67% longer blade, a 
178% increase in swept area and a 110% increase in 
rated power. 

These figures show the general trend for an increase 
in the rotor swept area over the generator size which 
is leading to higher capacity factors for low wind 
speed sites.
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Figure 2 - 1 Largest WTGs from Vestas portfolio over last ten years 

• V90 3.0 MW • V90 2.0 MW
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We would expect this trend to persist with all the 
leading turbine manufacturers seeking to increase 
yields by optimising their technology platforms, 
especially for medium and low wind speed sites. 
This would maintain the general trend for increased 
capacity factors (and hence energy production per 
turbine) seen over the last 10-15 years. 

In the future we do not expect a step change in WTG 
technology. Rather, we expect that most turbines 
will remain pitch regulated, three-bladed, upwind 
horizontal axis types using a mix of gearbox and 
direct drive architecture with more and more designs 
adopting full power conversion to aid grid compliance. 

Novel blade designs are already entering the market 
in order to reduce the logistical issues and costs 
around transporting such large WTG blades. GE has 
recently announced the introduction of the Cypress 
Platform which currently includes a WTG with a 
158 m rotor diameter which is rated in the region of 
5 MW. The rotor blades feature a two-piece blade 
design which will be assembled on site and will allow 
for easier transportation to site while still benefiting 
from the increased swept area.

We also expect ongoing consolidation amongst 
turbine manufacturers with continuing mergers and 
acquisitions. For example, Siemens have merged 
with Gamesa; Nordex with Acciona. Following both 
these mergers the WTG range has been substantially 
reduced through consolidation however future 
offerings from these manufacturers could build on 
the substantial experience of both manufacturers. 
Although such mergers and acquisitions could see 
reduced competition in the sector, this has not been 
the recent situation with these mergers meaning that 
the main manufacturers are more able to compete as 
they are able to reduce their internal costs.

2.2 HUB HEIGHT AND LAYOUT OPTIMISATION

Another way of increasing yield is to increase the 
average wind speed experienced by the WTGs. This 
can be done in two ways: 
a. by increasing the hub height of the WTGs; and 
b. by optimising the site layout using a realistic wind 

resource grid to position WTGs in the best wind 
speed locations.

Over the past 10 years hub heights for wind farms 
have increased. On most sites an increase in hub 
height will lead to an increase in wind speed and 
therefore energy yield. The impact of this increase 
is site specific and the benefit will not be the 
same on all sites. Where possible (i.e. not limited for 
planning reasons) an increase in hub height should 
be investigated but gain in yield needs to be balanced 
against increases in foundation, tower and crane costs.

Layout optimisation is a very important part of 
the project development. The layout is likely to be 
considerably constrained by environmental and other 
constraints but taking these into account during site 
layout optimisation can increase yields and reduce 
losses due to wakes and the need for wind sector 
management. The most important input to site layout 
optimisation is the wind resource grid. It is vitally 
important that the wind resource grid is as accurate 
as possible for the site. If a site is complex (due to 
topography, atmospheric stability or the impact of 
large scale thermal flows) then a linear flow model 
is likely to predict the variation in wind speed across 
the site poorly and therefore would not provide a well 
optimised layout. The use of CFD or preferably a  
Meso-micro scale model is recommended to assess 
the wind flow across the site and provide a reliable (and 
ideally well verified) wind resource grid for the site.

Wind resource grid
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3 CAPEX REDUCTIONS

Wind farm economics depend more on capital costs 
than conventional fuel-burning generators as the 
bulk of the costs relate to upfront construction rather 
than ongoing fuel purchases, etc. Although due 
consideration must be given to operational durability, 
practicality, speed of construction (and hence revenue 
start dates), and considerations like the trade-off 
between cable costs and electrical losses, it is vital 
to reduce upfront CAPEX costs and the associated 
financing costs too. Additionally, during contract 
negotiations the impact of agreed terms on the terms 
of the financing loan must be considered. The use of 
experienced advisors during contract negotiations 
can provide an advantage as they provide good 
understanding of market and financing standards.

Options available for reducing upfront CAPEX costs 
include:

• Value engineering: This term captures various 
options and opportunities including:

 Ӳ Access track width reduction and crane 
hardstanding optimisation to reduce stone 
requirements and costs;

 Ӳ  Use of novel construction techniques such as 
ground stabilisation methods, floating tracks, or 
raked piles rather than driven piles to increase 
the lateral stiffness of turbine foundations;

 Ӳ Design improvements – often the simplest 
solutions are the best ones, such as locating 
permanent meteorological masts next to access 
tracks, implementing a one-way system or 
optimising cable routes and sizing;

 Ӳ Assessing the structural loads from the wind 
turbines using advance 3D finite element 
modelling to reduce the specification of the 
piles and foundations;

 Ӳ New crane designs meaning significantly 
smaller crane pads required. This can 
significantly reduce ground works required;

 Ӳ Minimising size of substation – will those 
meeting rooms be used? Can instruments be 
placed outdoors?

 Ӳ Minimising crane time on site; and

 Ӳ Challenge turbine suppliers’ specifications 
e.g. road requirements, site specific towers, 
gradients, turbine delivery (corners). 
Specifications are standard but you can work 
with the contractor to make them site specific 
and potentially reduces costs.

• Civil design improvements: Every site is different 
(WTG class, ground conditions, etc) so the 
“standard approach” is not always optimal 
or appropriate. Working with the contractors 
to consider alternatives can often yield new 
designs and cost reductions. E.g. WSP developed 
a foundation design for a remote site where 
standard concrete foundations with pouring 
on site was cost prohibitive. They came up with 
innovative design which was mainly pre-cast 
concrete. This reduced the amount of concrete 
required by 65%, reduced the transportation costs 
due to less concrete and resulted in a reduced price 
per foundation of 300,000 CAD. In this case it was 
the difference needed to make the project viable. 

• Electrical design improvements: These 
improvements can be wide ranging, for example:

 Ӳ Non-standard approaches to reactive power 
compensation can significantly reduce costs, 
e.g. using additional capacitor banks rather than 
STATCOMs. Full power conversion on WTGs can 
provide more reactive power and improved grid 
compliance.

 Ӳ Optimising the internal wind farm cable array, 
noting that the solution for optimum lifetime 
cost of energy may not be the most intuitive 
solution.
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 Ӳ  Consideration of grid connection options e.g. 
use of two substations each connecting to 
distribution grid rather than transmission grid.

 Ӳ On very large sites the use of a secondary 
substation on site which collects some of the 
power together and connects to the main 
substation can reduce the inter array cable 
lengths required; this could reduce costs and 
electrical losses on site.

 Ӳ Considering innovative solutions to PPA 
requirements for redundancy e.g. use of three 
50% transformers rather than two 100% 
transformers.

• Project management: While not a purely technical 
point, good project management is crucial. For 
example:

 Ӳ Cost management during construction ensures 
provisional sums and variation orders do not run 
out of control and use up limited contingency 
funds;

 Ӳ Delays are one of the biggest causes of wind 
farm cost increases. Inevitably, project delays 
lead to cost variations, lost generation and 
revenue, and potentially costly disputes. Careful 
management can help contractors deliver on 
time and (if schedules slip) identify appropriate 
technical and other solutions;

 Ӳ If things go awry, early intervention is vital for 
stopping small problems and costs escalating 
further.

4 OPEX REDUCTIONS

Other improvements may be contractual rather than 
technical, for example lower prices for O&M services.

Nonetheless, other options available for reducing 
OPEX costs include:

• Economies of scale, e.g. sharing parts and/or 
maintenance teams between sites;

• Opportunities to include all spares in O&M contracts 
rather than requiring upfront capital investment;

• Remote monitoring to reduce the level of onsite 
presence required;

• CMS (Condition Monitoring Systems) can detect 
issues earlier which means that preventative 
action or maintenance can be taken before a 
failure occurs. This can reduce turbine downtime 
and improve performance;

• Regular servicing and inspections of balance of plant 
to prevent or mitigate more expensive failures. 

• Use of latest technology to undertake inspections. 
For example, GE has recently introduced a ground 
based blade inspection system which uses thermal 
imaging technology and acoustic spectral analysis 
to detect anomalies on blades. This type of new 
technology can allow cheaper inspections due to 
reduced man power and shut down requirements 
and can also enable more detailed inspections to 
allow preventative maintenance.

• Independent inspections of WTGs can detect 
issues which might not be picked up by the on-
site team. End of Defect Period inspections are 
particularly important and can pick up issues 
which otherwise could have been costly if failure 
occurred outside of the defect period;

• Utilising up-tower repairs where possible to avoid 
need to hire expensive cranes (and potential 
delays of procuring a large crane), this can be 
aided by CMS detecting the issues before major 
failure occurs;

• Improved security systems to reduce damage and 
theft; and

• Operational verification of the need for sector 
management can either reduce the need for 
derating (as the real wind flow on site is different 
to that modelled) or could detect the need for 
derating before an unknown on site wind flow 
issue occurs and causes failure or fatigue (but this 
must be balanced against the reduction in yield).

Typically, for overall financial viability of a project 
OPEX is not as critical as CAPEX, there are 
opportunities to improve the financial performance of 
new and existing assets through OPEX reduction.

Many opportunities for OPEX reductions overlap, or 
must be balanced against operational performance 
improvements. For example, reducing failures can 
reduce costs, whereas improving availability may 
incur (and offset) costs for holding more spares. 
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5 MAXIMISE RETURNS

For a wind farm your income comes from your energy 
yield. However, you can maximise your return by 
optimising your asset. 

5.1 PPA

One key way of maximising your return is by 
optimising your Power Purchase Agreement (PPA). 
There are a lot of key technical aspects of PPAs, both 
in standard PPAs and Corporate PPAs, which it may 
be possible to negotiate at an early stage. A more 
favourable PPA can lead to lower project risk and 
therefore lower financing costs.

Some key technical aspects of a PPA which can be 
negotiated include:

Avoid overly prescriptive requirements
It should not be a requirement of PPAs to include 
the specific technology and specifications of the 
wind farm. If the PPA does include these types of 
set requirements (i.e. the wind farm will consist of 
10 WTGs of a set make, model and rated power and 
of a set hub height and rotor diameter) then this 
removes the ability to change the WTG specifics to 
take advantage of technology improvements (larger 
hub heights, uprated generators or higher hub 
heights) or improved commercial offers from other 
WTG suppliers which could improve the financial 
performance of the project.

Curtailment and deemed energy payments
Some PPAs can contain excessive grid downtime 
allowances or the right to curtail the wind farm 
without compensation. These terms should be 
avoided or reduced if possible. Reasonable deemed 
energy payments for grid downtime or curtailment 
should also be sought.

Reactive compensation
Some PPAs can require excessive reactive power 
compensation from the wind farm. If this is the 
case expensive STATCOM devices can be required 
which can add significantly to the CAPEX of the 
project. This should be avoided. Alternatively, other 
technical solutions to the requirement for reactive 
compensation could be investigated with the PPA 
provider, such as the use of capacitor banks.

Redundancy
PPAs can demand 100% redundancy on the 
windfarm substation transformer. It might be 
possible to negotiate a lower level of redundancy 
requirements to reduce the capital costs of the 
transformers but still maintain a suitable level of 
redundancy.

Forecasting 
A reasonable requirement for forecasting is normally 
included in the PPA. However terms in a PPA could 
excessively penalise for not meeting the forecast 
or could not allow generation above the forecast. 
This could be reduced by agreeing a lower level of 
certainty on the forecasting. However, it should be 
noted that this can also be mitigated by improving 
your forecasting and incorporating data from a 
permanent meteorological mast.

Testing and commissioning
Onerous testing and commissioning requirements 
can add costs to the project (e.g. extra power curve 
verification or noise verification fees) and should be 
avoided. However, it is reasonable to agree to best 
practise testing and commissioning which would be 
undertaken routinely as part of the construction of 
the wind farm.

Innovation 
Innovative options for the PPA might be possible 
through negotiation such as including storage or solar 
PV with wind in one PPA, this could incorporate some 
upside for delivering power when the wind is not 
blowing.

5.2 OVERBUILDING

A lot of wind farms are currently defined by the rated 
capacity of the wind farm (i.e. the sum of the rated 
capacity of the WTGs). However, the reality of the 
output of a windfarm (measured at the grid metering 
point) is that the output is unlikely to ever reach this 
rated capacity. This is due to inherent losses in the 
wind farm including wake losses, plant downtime 
for scheduled and unscheduled maintenance, 
suboptimal WTG performance, turbine transformer 
loss, inter array cable loss and substation transformer 
loss, amongst others. Figure 5-1 shows an example of 
how the metered capacity could be significantly less 
than the rated capacity of the wind farm.
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This issue of defining the wind farm by the rated 
capacity is then compounded by the fact that a wind 
farm is not always operating at full capacity and so 
wind farms often operate over a year at capacity 
factors in the region of 30%. Therefore, as a wind 
farm’s grid connection is usually set at the rated 
capacity of the wind farm it means that this grid 
connection is almost always being underutilised. 
This underutilised grid connection can be a sizable 
opportunity. If a wind farm is “overbuilt”, the rated 
capacity is higher but with the same rated grid 
connection, then there is the possibility of increasing 
the yield of the wind farm without increasing the grid 
connection and grid utilisation payments (except 
for where they are yield dependent). The results of 
studies WSP has undertaken suggest that a wind 
farm could be overbuilt by up to 5% (compared to its 
rated grid connection) while increasing its net present 
value. If this project then incorporated energy storage 
(battery or pumped storage for larger sites) then the 
% overbuild could be increased further while still 
benefiting the project.

Figure 5 1: Example of rated capacity to  
metered capacity

5.3 STORAGE

Incorporating batteries or other energy storage 
systems into the wind farm can avoid or defer 
expensive grid reinforcement costs, improve power 
quality and reliability, and increase revenue. For 
example, on a grid capacity constrained site it may 
be possible to install extra turbines, and at times of 
high wind to charge the battery rather than curtail 
the wind farm output. The battery can then export 
to the grid when wind speeds are lower, and ideally 
when the spot price is higher. Batteries might also 
offer other revenue streams, e.g. frequency response 
services to the grid. 

5.4 USE OF EXISTING OR SHARED GRID  
 CONNECTIONS

Integrating complementary technologies can also 
reduce costs. For example, connecting solar and wind 
plants to the same grid connection: solar output 
is higher in summer when wind speeds are lower, 
and vice-versa in winter, so one plant can share grid 
capacity with the other reducing overall cost. 

Based on the overbuilding theory above there is also 
potential for building additional wind turbines at or 
adjacent to existing wind farms in order to fully utilise 
existing grid connections. 
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6 MAINTAIN FLEXIBILITY

In order to reduce costs for future projects it is vital 
to be aware of the fact that technology is continually 
changing and that new solutions may emerge 
as the project develops. Maintaining flexibility to 
adopt these new solutions can lead to significant 
cost saving opportunities. For example, improved 
turbine power outputs and rotor sizes may come to 
the market during project development that might 
give significant benefit at modest costs if there is 
headroom in site design, and power purchase and 
planning agreements to accommodate them. Of 
course, these opportunities need to be balanced 
against the need to avoid making too many mid- or 
late-project changes that lead to delays and/or undue 
additional costs.

This flexibility must be included during the feasibility 
stage but then must be maintained during 
the permitting and contract negotiation (Land 
Agreements, PPA and Construction) stage. 
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7 FUTURE OPPORTUNITIES

The financial viability of a wind farm can also be 
significantly improved during the operational period 
by future opportunities. 

7.1 LIFE EXTENSION – 25-30 YEARS?

Currently wind farms are typically considered to 
have a design life of 20 years (as this is the IEC design 
life for a WTG) however with certain sites (and if it 
is within the allowed planning permission) it may 
be possible to extend the life of wind farms to 25 or 
potentially even 30 years. Such life extension would 
require in-depth analysis of the designed, expected 
and actual loads experienced on the WTGs. With 
good quality data analysis and careful operations and 
maintenance of the WTGs then life extension should 
be a realistic option for wind farms.

7.2 REPOWERING

As well as traditional repowering techniques (building 
completely new wind farms in the same location as 
previous wind farms), some turbine manufacturers are 
currently working on repowering WTGs by replacing 
/ upgrading the Nacelle (and contents) and the WTG 
blades on an existing WTG tower in order to repower 
the wind farm without significant additional balance 
of plant costs. 

7.3 FUTURE EXTENSIONS

There may be future opportunities for extensions 
or the co-locating of other technology. These 
opportunities should be investigated early in the 
feasibility process as it can be possible to make small 
design changes to accommodate the retrofitting of 
future technology such as batteries or solar panels. 
An example of a simple design change could be to 
include an extra bay in a substation or leave room 
next to the substation to allow for a substation 
extension in the future.

7.4 TECHNOLOGY IMPROVEMENTS

New technology improvements are frequently 
offered as upgrades for existing wind farms. These 
improvements can lead to significant increases in 
yield which can make financial sense for operational 
sites. The list below outlines a number of options 
currently offered by turbine suppliers as a means of 
enhancing turbine performance. They appear to be 
targeting existing wind farms to boost output; some 
are also available as options on new turbines. 

• Uprating: Most manufacturers offer an option 
to increase the maximum power output of 
their turbines in specific circumstances (e.g. at 
certain turbine locations, or under certain wind 
conditions). Examples include Nordex’s and Vestas’ 
power uprating, GE’s Wind BOOST, and Vestas’ 
Extended Cut-Out. These typically involve an 
upgraded control system.

• High wind speed ride through: This is generally 
offered as an optional item to reduce losses due to 
high wind speed hysteresis. Instead of switching 
the turbine off at its cut-out wind speed the 
control system progressively ramps down power 
output instead. This takes due account of the 
fatigue imposed onto the turbine structure while 
maintaining output and avoiding sudden  
switch-offs.

• Aerodynamic upgrades: Vestas, GE, and Siemens 
(among others) offer upgrades to their turbine 
blades in the form of “stick-on” vortex generators 
or gurney flaps. These are reported to increase 
energy yield by around 1%-1.5%. They can also 
facilitate reduced noise operation.

• Control system upgrades: Turbine manufacturers 
also offer enhanced control systems that optimise 
the operation of each turbine and the wind farm 
as a whole in order to increase energy yield. 
Increases of circa 2-5% are cited. 

• Curtailment vs. measured fatigue: For very high 
wind speed/turbulent sites, a trade-off between 
curtailment and design life could increase the 
operational life from 20 years to approximately 25 
years increasing overall production and returns.  
Or, if the operating life is only 15 years, greater 
loads can be accommodated in the short term 
reducing losses due to turbulence and high wind 
speed hysteresis.10
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8 TECHNICAL ADVICE

Correct and appropriate technical advice is valuable 
across the whole life of a wind farm.

WSP can assist in almost every aspect of project 
development activities from site selection and 
screening through feasibility, grid connection, project 
consenting, construction and operation for any size of 
wind energy project.

We have extensive international experience advising 
developers, project lenders, governments and  
non-governmental organisations on all aspects of the 
onshore wind sector. 

Our engineers have worked on projects ranging from 
single turbine installations through to some of the 
world’s largest wind farm developments. In total we 
have engineered over 6 GW of onshore wind energy 
projects across more than 250 sites in Europe, Africa, 
the Middle East, Asia, Australasia and North and 
South America. 

Our traditional power expertise and in-house 
electrical, mechanical, civil, marine and 
environmental capabilities give us the edge over 
smaller companies. We draw on this large body of 
expertise to ensure that the projects on which we 
work progress as quickly and effectively as possible.
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Amber Court
William Armstrong Drive
Newcastle upon Tyne
NE4 7YQ

wsp.com

For more information on how WSP can support you in making 
your wind farm more cost competitive please contact:

Tim Rippon
Director of Renewables, WSP
Tim.rippon@wsp.com
T+ 44 (0) 191 298 1017

Luca Santoni
Luca.santoni@wsp.com
T +44 (0) 191-226-2372

Kimberley Dewhirst
Kimberley.dewhirst@wsp.com
T +44 (0) 191-226-2265
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