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Wind farms are complex systems that involve 
many disciplines in science, engineering, 

and mathematics, with significant coupling across 
domains, from the wind resource to the machines to 
the larger electricity grid, energy systems, markets 
and society. In this chapter, we look at how all these 
elements come together to create the integrated 
design, operation and control of wind farms and 
renewable energy parks. A high-level perspective 
treating systems engineering as a framework for ho-
listic wind-energy system analysis and optimization 
is presented, followed by a more in-depth look at the 
physical modelling of wind farms, the state of the art 
in wind farm control and integrated wind farm de-
sign and operation. Finally, new frontiers in research 
into floating wind energy, hybrid power plants and 
wind farms designed for market and sustainability 
objectives are presented. 

Wind energy systems engineering
Wind farms are complex systems with high levels of 
coupling at both the individual wind turbine level 
through aero-servo-hydro-elastic couplings of the 
machine dynamics, and the wind farm level through 
intra-turbine and even inter-farm flows, as well as 
electrical dynamics and interactions with the larger 
grid system. Beyond the technical aspects, addition-
al complexities arise from the number of stakehold-
ers involved with the system design over its lifetime, 
which is of the order of twenty to thirty years or 
more. Wind farm design and operation also face a 
high degree of uncertainty from a variety of sources, 
including technical uncertainties, such as wind and 
met-ocean conditions, as well as market uncertain-
ties, such as current and future electricity prices. 
Systems engineering is an academic field that has 

developed specifically to focus on the research ap-
plied to systems with large levels of complexity and 
uncertainty, such as wind farms [1]. In the last dec-
ade, use of systems-engineering techniques, such as 
multi-disciplinary design, analysis, and optimization 
(MDAO) in wind energy applications, has grown 
substantially [2]. Systems engineering is character-
ized by an approach to system design, analysis and 
optimization that is multidisciplinary, integrating 
aerodynamics, mechanics, controls, electrics and 
more; holistic, addressing a large system range, from 
small-scale components to subsystems to systems 
and systems of systems; and integrated, accounting 
for all stakeholder interests, as well as covering the 
full life-cycle from cradle to grave. Figure 1 illus-
trates the multidisciplinary nature of wind farms 
that necessitate a systems engineering approach.
 
A recent effort to review the outstanding ‘grand 
challenges’ in wind energy research noted that the 
multidisciplinary nature of wind-energy systems 
would benefit from treating wind energy as a disci-
pline that integrates all the academic fields that are 
relevant for wind energy science and engineering 
[3]. DTU Wind Energy is a pioneer in realizing this 
vision, as it has a university department covering 
all the major disciplines of importance to progress 
in wind energy science and engineering. Through 
systems engineering and optimization, its discipli-
nary research across the department is integrated 
together to enable the holistic analysis, design, and 
operation of wind farms for current and future 
energy systems. The key elements of this include: 1) 
multi-fidelity approaches to the physical modelling 
of wind farms to balance accuracy with computa-
tional effort; 2) control of wind farms to optimize 
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their profitability while balancing this with other 
operational requirements; and 3) the integrated 
analysis and design of wind farms to account for all 
disciplines of interest. The following sections ad-
dress each of these topics in more detail. In addition, 
a section on new frontiers looks at burgeoning re-
search opportunities in specific areas of application, 
including floating wind farms, hybrid wind farms 
and wind farms optimized for market and sustaina-
bility objectives.

Multi-fidelity wind farm modelling with 
an eye towards optimization
To explore the potential of innovation, design, and 
control techniques to improve holistic wind farm 
performance, models that accurately capture the 
relevant physics at affordable computational costs 
are necessary. In recent years, a significant amount 
of research effort has focused on how to improve 
representation of the physics of interest into engi-
neering models that are computationally efficient for 
use in controls engineering and design optimization. 
Historically, simplified engineering wake models 
have been used to support the layout optimiza-
tion of wind farms and other applications from a 
pure power and energy production perspective. 
As wind farms were relatively small and mostly 
located onshore, optimizing them with reference 
to their wake effects did not unlock large amounts 
of value. However, since wind farms have become 
larger and larger and are now often located offshore, 
with lower inflow turbulence, a larger potential for 
improvements to annual energy production (AEP) 
and levelized cost of energy (LCoE) can be achieved 

by carefully placing the turbines, considering their 
complex interactions through reductions in wind 
speed and increased turbulence. This has led to a 
need for wake models that are both fast enough to 
be used for optimization and accurate enough to 
capture the essential physics of the wake effects. 
While too slow to be used in normal design con-
texts, high-fidelity modelling (e.g. mesoscale models 
in [4] and microscale CFD-LES in [5]), medi-
um-fidelity modelling (e.g. CFD-RANS in [6] and 
dynamic wake-meandering in [7]) have been used as 
qualitative analytical tools to investigate wind farm 
flow and turbine power and loading for a broad 
range of environmental and operational conditions. 
These include different sorts of atmospheric stability, 
wind turbine, and farm control settings (both induc-
tion setpoint and wake-steering) and accounting for 
specific site features, such as complex terrains or the 
blockage effect of large-scale offshore wind farms. 
 
The current trend is to design engineering submod-
ules inspired by and based on the physics of high- and 
medium-fidelity wind farm models, and to incorpo-
rate them into the faster optimization-friendly wind 
farm flow-engineering models. Two approaches are 
being used. When possible, assumptions are made to 
simplify the fundamental equations describing the 
physics of wind farm flows. This can lead to efficient 
semi-engineering methods that still capture the 
physics that are relevant to the problem. When this 
is not enough, a wind farm flow surrogate can be 
created by parametrizing the input space and creating 
a machine-learning meta-model of medium- and 
high-fidelity models (e.g. blockage).

Figure 1. 
Wind farms as complex and 

highly multidisciplinary 

systems (credit: Martin 

Kirchgassner).
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To investigate the potential of control strategies or 
to optimize wind farm layout design by considering 
thousands of different wind turbine layout configura-
tions, the physics of these higher fidelity models are 
translated into engineering models with the compu-
tational performance necessary to carry out highly 
iterative analyses. In the context of gradient-based 
optimization, it can also be necessary to calculate the 
gradients of the objective function and constraints 
with reference to the design variables. This need can 
translate into a demand for more rapid estimates 
of the wind farm power and load gradients with 
reference to the turbine’s position and its operational 
characteristics. This can be achieved by incorporating 
analytical or automatic gradients into the engineering 
wind farm flow codes or by replacing the flow models 
with surrogate models with native support of the 
gradients (e.g. Gaussian process, neural networks).

Modelling wind farm load surrogates
Apart from wind farm production, an important 
sub-topic in wind farm modelling concerns the 
loads experienced by the different wind turbines 
within the farm. While there has been a direct 
transfer of knowledge and learning from high-fideli-
ty wind-farm flow-modelling into engineering-level 
tools, the variety of operating conditions and the 
uncertainties associated with individual machine 
dynamics have limited the potential to create low-fi-
delity models that are accurate enough to reflect 
how control and design changes impact loading. 
Instead, over the last several years, the research 
community has used mathematical techniques 
known as ‘surrogate modelling’ to create simplified 
models of loads that can be used for design and 
control [8-11]. Surrogate models use intelligent 
sampling from high- or medium-fidelity models 
to create a data set of input parameters and related 
predefined model output results, which are then fed 
into either statistical or machine-learning analyses. 

The results are parametric models trained from the 
higher-fidelity models that are nonetheless compu-
tationally efficient and can be integrated into wind 
farm optimization for purposes of design and/or 
control. A recent example of this is a wind farm lay-
out-optimization study that included a constraint on 
added turbulence-induced wind turbine loads using 
a load-surrogate model based on detailed aero-elas-
tic turbine simulations with HAWC2 [12].
The potential for surrogate modelling extends well 
beyond wind-turbine loads to address complex 
aspects of flow physics and offshore wind dynamics, 
including floating wind energy dynamics. The devel-
opment of surrogate models is tailored to applica-
tions such as control and design, as addressed in the 
next two sections. 

Wind farm control and optimization of 
wind farm operations
A large modern wind farm is not just a collection 
of autonomous wind turbines: it is a wind power 
plant (WPP) feeding increasing amounts of power 
into the electricity grid. It is also a highly complex 
physical system in which all the turbines interact 
actively with each other. Wind farm control (WFC) 
investigates this interaction to produce a collabora-
tive design and operation for the wind farm. WFC 
can be broken down into control of the wind flow 
through the farm (WFFC) and control to optimize 
the electrical properties of the plant to benefit the 
grid to the maximum (WPPC). Although the two 
fields overlap, generally research on wind farm flow 
control focuses on increased energy production and 
decreased loads, while in wind farm grid control the 
focus is on supporting the grid through active and 
reactive power control. Accordingly, WFC promises 
an increase in power production and a decrease 
in structural loads, while providing better integra-
tion of wind power into the grid. It enables better 
revenue management, especially for the upcoming 

Figure 2. 
CFD RANS simulations of 

the Anholt offshore wind 

farm addressing coastal 

effects on the flow [6].
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flexible electricity markets, making wind power 
‘market-fit’, which in turn decreases the project costs 
and contributes significantly to the green transition. 
Other potential control objectives are improving 
reliability and reducing the external impacts on the 
environment and local communities.
A well-performing WFC depends on the converter 
and the WTC to implement the optimum control 
signals. Particularly with the aim of mitigating wake 
interactions in the case of the WFFC, three distinct 
flow-control areas have gained increasing attention 
over the last two decades and more:

1. Wake steering, where wake interactions are 
modified by redirecting the wakes in the wind 
farm by intentionally misaligning the upstream 
turbine(s) to the incoming wind (e.g. [13,14]). 
This technique could be used either to increase 
power production by steering wakes away from 
downstream turbines or to reduce asymmetric 
loading introduced by partial wakes.

2. Wind-turbine de-rating, also referred as static 
axial induction control, where upstream tur-
bines are individually de-rated with the aim 
of optimizing the performance of the entire 
WPP (e.g. [15-18]). De-rating (or curtailment 
or down-regulation) leads to a reduction in the 
structural loads of the controlled and wake-af-
fected turbines (e.g. [19]), while up-rating can 
increase power production. Both de-rating 
and up-rating can also provide the basis for 
supporting grid services, such as active power 
control for grid stability.

3. Wake mixing, where upstream turbines are 
dynamically up-regulated and down-regulated 
on short timescales to induce additional mixing 
and wake recovery, thus minimizing wake loss-
es further downstream (e.g. [20,21]). 

Depending on the control and sensing solution uti-
lized, the strategy for implementing each technology 
can differ significantly, and the literature contains an 
abundance of examples (e.g. [22]) of one or more of 
these technologies being leveraged for one or several 
of the control objectives listed. How to achieve the 
control objectives using a combination of these tech-
nologies is also of research interest [23].

Turbine controller in the plant context
From the control-engineering perspective, among 
the very first aspects to be examined are the time 
scales involved for each of the services and con-
trollers from the wind energy systems perspective, 
as briefly indicated in Figure 3. Typically, the time 
scales involved for wind-turbine controllers (WTC) 
are in minutes, feeding into the plant controller 
(WPPC) with scales extending to hours.
 
Although electrical and servo-aeroelastic aspects 
have traditionally been decoupled, due to response 
times largely on different timescales, there are also 
meeting points when ‘fit for purpose’ electrical 
services are addressed, making the most of all com-
ponents, as demonstrated with respect to turbine 
control (e.g. [25]). Furthermore, adopting a holistic 
view of the joint and coordinated consideration of 
such aspects would allow overall optimization of de-
sign and operation at the plant level from the point 
of view not only of capital costs and performance, 
but also of the life management of assets. Ultimately, 
this would optimize the profitability of wind power 
plants.

Open challenges in wind farm control
While research into WFC over the last two decades 
has grown significantly, many important research 
challenges remain. Firstly, validation of WPP control 

Figure 3. 
Generic overview of the 

time scales involved in 

the controllers of the 

wind-power system, 

increasing from bottom to 

top. Note that Wind Farm 

Control (WFC) is divided 

into Wind Power Plant 

Control (WPPC) and Wind 

Farm Flow Control (WFFC), 

following the nomencla-

ture suggested by [24].
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over a wide range of environmental and operational 
conditions is still needed for different types of tur-
bines and WPP sites, including, but not limited to, 
sites with complex terrains, different types of atmos-
pheric conditions for stability, different vintages and 
sizes of machines, and more. Furthermore, moving 
to floating wind farms (as discussed in Chapter 10) 
creates new degrees of freedom in machine dynam-
ics and control actuation, which are just growing in 
terms of research interest. 
From a control-modelling and methods perspective, 
the wind farm community at large sees great poten-
tial in big-data analytics, machine-learning, and AI 
from a WFC perspective, particularly by merging 
physical and data-modelling techniques. Final-
ly, co-design (the integrated design of WFC with 
system physical design) has demonstrated some 
promise [16] but is still a nascent topic of research.

Multi-disciplinary wind farm modelling 
and optimization 
Controls are a key component of design. However, 
this is just one of many disciplines that build up to a 
holistic perspective of overall wind-farm system per-
formance and cost. To optimize the holistic design 
of wind farms, many disciplines must be brought 
in to address the overall issues of wind farm energy 
production and revenue and of the overall capital 
and operational expenditures over the lifetime of 
the plant. In optimizing the holistic design of wind 
farms, one historic metric is the levelized cost of 
energy (LCoE) for the wind farm, which integrates 

energy production, costs, and financing into a single 
comprehensive metric [2,8,26]. Figure 4 below illus-
trates the different elements that go to make up the 
full LCoE for a wind-energy system. 
 
From a WPP perspective, the wind turbine design is 
often, though not always, taken as a given. Thus, the 
major contributing elements typically include the 
layout of the turbines and overall energy production, 
the plant’s system balance, including the electri-
cal collection system design, the installation and 
logistics, operations, and maintenance over the life 
of the WPP and other financial modelling elements, 
including insurance, policy incentives, and more. 
Each of these elements constitutes a core area of 
research for WPP design with increasingly integrat-
ed perspectives:

• Annual Energy Production (AEP). AEP is driven 
by the number and size of the overall turbines 
(rated power, rotor diameter) and their perfor-
mance characteristics, as well as their inter-
action with each other through wind turbine 
wakes that reduce production from downstream 
machines. Optimizing sizing, selection, number, 
and layout of the turbine have all been consid-
ered for the purposes of maximizing AEP.

• CAPEX for the Balance of System (BOS). BOS 
optimization is often conducted as a sub-op-
timization problem of the electrical system (a 
key cost component) [27] or as its own detailed 
optimization once a layout has been determined 

Figure 4.
An integrated LCoE per-

spective of the wind farm.
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(see next section). Other costs for BOS, such 
as the roads for land-based farms, have been 
explored, and even the installation and logistics 
strategies.

• CAPEX for turbines and foundations. While 
typically the wind turbine itself is taken as fixed, 
more recent research has even looked at designs 
integrating the wind turbine with the wind farm 
[28,29]. In addition, for offshore sites with var-
ied sea-depths and soil conditions, the design 
of support structures has been treated as either 
a sub-optimization or a sequential optimization 
[27].

• OPEX. Reducing OPEX and ensuring the site 
suitability of the turbines for a given layout 
is a more recent research topic that typically 
requires using surrogate models to include load 
models in the optimization [12].

All these topics present ongoing areas of research. 
The influence of control design on WPP design has 
been previously discussed as one important topic, 
including in connection with modelling turbine 
loading and reliability. Another key area of interest 
is the design of the electrical system, which is crucial 
to the broader performance of the system when it 
comes to providing value to the electricity system.

Electrical system design
Collection and transmission systems carry the 
power generated from the wind turbines to the 
electrical grid. To minimize the cost and environ-
mental impact, designing the electrical networks 
of wind-energy systems, both offshore and onshore 
wind, is becoming increasingly important [30]. Fig-
ure 5 presents an overview of the electrical network, 
consisting of the offshore substation (in case of off-
shore wind), medium-voltage (MV) and high-volt-

age (HV) cables, and the onshore connection point 
(OCP). 
 
For the collection system, a wide variety of methods 
have been proposed to minimize the investment 
and operational costs, including using heuristics 
[33], metaheuristics [34] and global optimization 
[35]. Cables are a single point of failure, therefore 
research into cables focuses not only on how to min-
imize investment costs, but also how to increase re-
liability given the high grid standards demanded for 
these systems [36,37]. The integrated optimization 
of collection and transmission systems, along with 
OSS (offshore substation) positioning and sizing, de-
fine a problem that is as hard as the hardest individ-
ual collection system problem, hence novel methods 
to exploit the synergies between these aspects are 
investigated as well [38]. Likewise, power cables are 
complex dynamic systems exposed to time-varying 
conditions that need to be assessed and understood 
to size their cross-sections optimally [39].
Electrical network systems have potential trade-offs 
with other disciplines within the overall WPP design 
framework. The strong dependence of the collection 
system costs on the layout of the wind turbine layout 
poses the challenge of how to optimize the electrical 
network and the positioning of the generators simul-
taneously. Novel methods have been proposed to 
address this challenge, demonstrating the potential 
cost reductions (or rather value generation) of such 
multidisciplinary optimization methods [40]. Fur-
thermore, operation of the farm from an electrical 
perspective is closely connected with its operation 
from the perspective of flow and loads, as will be 
seen in the next section. 

New frontiers: floating wind farms, hy-
brid power plants, and optimization for 
market and sustainability objectives
Beyond WPP control, several other topics fall 
under the broader category of the optimization of 
wind-farm design and operation that present new 
frontiers for research. Here we highlight a few key 
topics, including floating wind farms, hybrid power 
plants and WPPs optimized for market value and/or 
sustainability objectives.

Floating wind farm optimization
Just a few years ago, floating wind energy was still 
seen as an experimental technology whose commer-
cial outlook was uncertain. However, floating wind 
energy is coming of age, and there have been many 
successful demonstrations of floating wind tur-
bines, both individually and in arrays, with several 

Figure 5. 
Electrical network design 

for wind energy systems: 

an overview [31,32].
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large-scale commercial projects under development. 
Moving from individual wind turbines to large-scale 
floating WPPs produces new research challenges 
associated with their design, operation, and control. 
Chapter 10 addresses the modelling and design 
challenges in more detail. However, there are several 
topics associated with the overall system design and 
operation that require a holistic and systems-engi-
neering approach. These include, but are not limited 
to:

• Integrated turbine and platform design and 
control: addressing the dynamic couplings of 
the turbine, floating support structure, controls, 
and mooring and anchoring system.

• Installation and logistics: coupled with the 
turbine and support structure system are the 
types of vessels, installation and operations, and 
maintenance strategies.

• Electrical system: dynamic cables, substation 
design and location and export cables also have 
additional degrees of freedom in their design, 
moving from fixed-bottom to floating offshore 
configurations.

• As will be discussed, other technologies that 
floating offshore wind farms may incorporate 
include technologies for electricity storage or 
Power-to-X generation that may impact on 
all elements of the overall system design of an 
operation.

Work on floating WPPs is urgent given the planned 
growth and development, representative of both 
significant challenges in terms of the uncertainties 
involved and of significant opportunities in terms of 
the potential for research and innovation impact.

Hybrid power plant sizing, design, and operation
Wind power plants, combined with solar and/or 
storage technology connected behind a single grid 
connection point and controlled together as a single 
power plant, are often referred to as co-located hy-
brid wind power plants (HWPP). Although multiple 
utility scale (multi-MW) HPPs have been developed 
all around the world, the optimal design, opera-
tion, and control of HWPPs is a complex research 
problem that needs attention [41,42]. The research 
challenge can be broadly categorized into two sub-
sets: design and operation.

Design of HWPPs. Utility-scale HWPPs are designed 
for maximizing the value of the power plants from 
different electricity markets, such as the capacity 
market, the bulk-energy spot market, the balancing 
market, and the reserve and ancillary service market. 
Design firstly involves sizing the individual assets, 
i.e. the rating and type of wind turbines, the rating of 
solar panels, storage (for example, battery power and 
energy capacity) and auxiliary devices (for example, 
STATCOM). Typically, sizing is carried out with the 
objective of maximizing profit either from the markets 
(see Figure 6) or based on power purchase agreements. 
However, the value of hybridizing wind power plants 
almost always comes from the principle of maximiz-
ing profit (beyond LCoE), as opposed to minimizing 
LCoE (typical for wind power plants). Sizing HWPP 
generally allows the severe overplanting of installed 
capacity with respect to the grid connection capacity. 
This is because wind and solar resources are generally 
uncorrelated, and even negatively correlated in some 
locations, which allows the grid connection capacity 
to be used to transport energy from solar as well as 
wind power. However, this also means that there will 

Figure 6. 
Example of power gen-

eration and dispatch for 

different assets of hybrid 

power plant [43].
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be hours when the generated power can be higher than 
the grid-connection capacity. This additional energy 
can be kept in storage, assuming that storage capacity is 
available. The charging and discharging of storage also 
depend on the market price for electricity, as shown 
below. Energy will be stored when prices are low and 
vice versa, though the cost of storage degradation also 
needs to be considered.
 
Following sizing, the physical design of an HWPP is 
a challenging task, which involves both considering 
the physical interaction between the resources and 
sharing the electrical infrastructure of the HWPP’s 
power-collection system. Optimizing land-use 
implies placing solar panels in the vicinity of wind 
turbines, which has a multitude of effects, includ-
ing periodic shadowing, resulting in flicker in the 
electric current generated by solar panels, as well 
as changes in wind flow due to the heating of air by 
solar panels, resulting in the potential loss of wind 
energy. The design of electrical collection systems 
for HWPPs entails the sharing of electrical infra-
structure. The assets can be AC-coupled, which is a 
more mature technology than DC-coupled HWPP, 
as shown in Figure 7. An AC-coupled topology is 
easy to implement, and a wind-park controller, PV 
park controller or BESS controller from different 
vendors can readily be used, but it also allows the 
suboptimal utilization of electrical infrastructure. 

From the above discussions, HWPP design, including 
sizing, physical and electrical design, and operation 
over the lifecycle of the HWPP for value maximiza-
tion from different electricity markets, as well as tak-
ing different uncertainties into account, is a complex 
process involving advanced methodologies and tools. 
DTU Wind Energy is developing a suite of tool chains 
in this direction, including TopFarm, HyDesign, 
CorRES and Balancing Tool Chain.

Operation and control of HWPPs.. The operation and 
control of HWPPs mainly involve an energy manage-
ment system and a power management system. Energy 
management systems optimize profits through energy 
and power bidding in different electricity markets 
based on resource and market forecasts, those setpoints 
being sent to the HWPP. This optimization needs to 
consider the trade-off between earned revenue and the 
degradation cost of energy storage, as well as the lost 
opportunity costs for bidding energy in this moment, 
as opposed to saving it for future trading. On the other 
hand, the power management system is concerned 
with compliance with the grid code, as well as hon-
ouring the commitments to the energy and reserve 
markets in real time based on the available resources. 
In this direction, a hierarchical control architecture can 
be developed where the hybrid power plant controller 
interacts with the energy-management system and 
dispatches setpoints to a lower-level controller, i.e. the 
wind power plant controller, solar power plant control-
ler and energy storage controller monitoring the meas-
urements at the grid point of connection. The HWPP 
power management system also has the responsibility 
for providing ancillary services, such as frequency, 
ramping, reactive power, voltage, black start, etc. How-
ever, stacking different ancillary services at different 
control levels (hybrid power plant, wind/solar/storage 
power plant, individual assets) is a challenging problem 
and depends on the communication capability, grid 
codes and dynamics of different service provisions. Ad-
ditionally, the availability of energy storage can allow 
for other advanced controls, such as the load alleviation 
of wind turbines in certain wind conditions. However, 
research on utility-scale HWPP operation and control 
is still in the nascent stage, with much more future 
research expected in the coming years.

Markets and sustainability
As previously discussed, LCoE is the key target met-

Figure 7. 
Different HWPP topologies 

[44].
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ric in optimizing WPP design and operation. How-
ever, as the shares of wind energy in electricity and 
energy systems grow, there is increasing recognition 
of the need to look beyond LCoE to the broader 
issues of market value and sustainability [3,45]. 
Looking ahead, there is a recognition that LCoE is 
not the entire picture but rather a small element of 
the overall system view, as illustrated in Figure 8.
 
Recent work has looked at the potential for design-
ing WPPs, and by extension hybrid power plants, 
for objectives that go beyond LCoE [45-47]. These 
objectives may be focused on economics and profit-
ability, for example, in the case of WPPs whose rev-
enue comes from merchant energy markets rather 
than power purchase agreements. In such cases, it 
has been shown that a WPP design that maximizes 
the value objectives may be different from WPP 
design that minimizes the LCoE and vice versa [45]. 

In addition, sustainability objectives regarding the 
environmental footprint, materials circularity, energy 
usage and emissions etc. are of growing importance 
to industry stakeholders across the wind-energy value 

chain [46]. The design, operation, and control of the 
WPPs of the future will necessarily have to address 
competing system objectives to support profitability 
and increased wind energy deployment while mitigat-
ing the possible adverse impacts on local communi-
ties and the environment as much as possible.
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