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Scientific advice has been deeply embedded in 
the raison-d’être of DTU Wind Energy since the 

very beginning of wind energy research in Den-
mark. DTU Wind Energy gives weight to DTU’s 
strategic key objective of being society’s leading 
experts, providing reliable and knowledge-based ad-
vice on wind-energy technologies and systems and 
the transition to a low-carbon economy. Scientific 
advice is not just a matter of doing things right, of 
providing state-of-the-art knowledge to the energy 
sector, but also of doing the right things. By putting 
knowledge to work in new settings and with new 
actors, there is much learning to harvest and valua-
ble knowledge to be added to the common pool of 
knowledge. This chapter describes how wind energy 
researchers put knowledge to work in two different 
areas:

• International standardization and certification, 
including test facilities

• Global cooperation

While the first area focuses on standards and 
certification as a means to bring reliable and safe 
wind energy technologies to the market, the latter 
concentrates on assisting countries in preparing the 
market for wind energy.

International standardization and  
certification
The technological development and globalization of 
the wind energy industry have been facilitated by 
the development of international standards and cer-
tification, which have supported uptake, awareness 
and confidence in the market, as well compliance 
with regulations and legislation. Standards provide 

an effective framework for harmonizing information 
flow, understanding product design, manufacturing 
and service requirements, and establishing com-
mon rules and requirements [1]. As wind turbine 
technology keep improving, technical standards 
need to be updated or new standards developed in 
order to provide appropriate requirements for the 
latest designs and address the uncertainties in and 
needs of the energy sector. Drawing up standards is 
also used proactively to reduce costs within the wind 
energy value chain, as is illustrated by the hot list 
of necessary standards in wind turbine generation, 
including the balancing of plants and O&M [2].

The design of a globally uniform and generally 
recognized set of standards links global markets and 
facilitates trade. Countries require a harmonized, 
documented and transparent global standardization 
framework that will enable the planning authorities 
to assess the potential of wind energy [3] and also 
prepare for adequate framework conditions and 
the uptake of such markets. The use of standards is 
key to reducing legislation and regulation, whether 
through direct compliance with the legislation or as 
a means of demonstrating compliance with com-
pulsory legislation without changing the legislation 
each time changes are made to the standard or 
document. 

In Europe, compliance with standards has tradition-
ally been ensured through third-party certification. 
For example, Denmark’s Regulation 73 just refers to 
compliance with the latest Operational Documents 
for type and project certification, which are regularly 
updated and which refer to the international stand-
ard in the IEC 61400 series as the main normative 
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documents for technical requirements. Standards 
can also be used to reduce administrative burdens, a 
strong example being micro-generation technologies 
in the UK.1

International standards are usually developed in 
a push and pull consensus process influenced by 
multiple stakeholders from industry, investors and 
developers, policy-makers, regulators and end-us-
ers, and hence represent what can be agreed upon. 
This involves a lengthy and costly process where the 
influence is at its greatest at the beginning of the 
process, as illustrated in Figure 1 below.

The preparation of national and international stand-
ards containing rules for the design of wind turbines 
began in the 1980s. At that time, DTU Wind Energy 
had come a long way in Denmark with quality 
assurance and requirements for implementation and 
certification. This work was performed under the 
Danish approval scheme. Projects were also carried 
out at the EU level, in which the Danish standards 
were coordinated with those of other European 
stakeholders, and recommendations were made for 
drawing up EU standards [4]. Also, a set of regu-
lations for certification was drawn up by German-
ischer Lloyd in 1986. Along with the development 
of technology, these were further refined and led to 
the Regulation for the Certification of Wind Energy 

1 The Microgeneration Certificate Scheme is used in the UK 
as a way of aiding deployment and reducing the administra-
tive burden on installing micro-generation technologies. The 
permitted development status allows the planning authorities 
to approve the development of wind turbines and heat pumps 
subject to certain criteria being met [1].   

Conversion Systems of 1993, amended by supple-
ments issued in 1994 and 1998. National standards 
were also published in the Netherlands (NEN 6096, 
Dutch Standard, 1988) and Denmark (DS 472, Dan-
ish Standards, 1992).2 

To accelerate the uptake of wind energy globally and 
facilitate trade, most standards are now developed in 
an international framework. The responsible stand-
ards organization is the International Electrotech-
nical Commission (IEC), which in 1988 formed the 
Technical Committee TC88 with the task of prepar-
ing international standards for wind energy. In 1996, 
the Dresden Agreement was signed between the IEC 
and the European Committee for Electrotechnical 
Standardisation (CENELEC), which provided the 
basis for harmonization between IEC International 
Standards and European standards in electro-tech-
nology. 

The development of standards has followed the 
general development of wind turbines: 1) safety 
and functional requirements of wind turbines; 2) 
test standards by which their performance can be 
compared and validated; 3) standards for interfaces 
and components when wind turbines become a 
significant element in the power system and when 
components are acquired on the international 
market; and 4) conformity testing and certification 
as a means to document and create confidence 
in a complex product in the market and with the 
authorities [5]. 

2 https://www.freeenergyplanet.biz/wind-energy-2/nation-
al-and-international-standards-historical-development.html 
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While international standards have a wider pur-
pose than providing the normative requirements 
for certification by third parties, in Europe stand-
ards have been developed using conformity assess-
ments by an independent party. In the early 1980s, 
the conformity assessment was carried out by 
specific entities on behalf of the authorities, which 
in Denmark meant the Test Station for Wind Tur-
bines at Risø. Since the early 1990s, the conformity 
assessment has been performed by independent, 
accredited parties, building on the traditions of 
ship classification and the principles of the EU’s 
‘New Approach’ separating the essential legislative 
requirements from the detailed requirements in 
standards and provided requirements to those con-
ducting the conformity assessments. In other parts 
of the world different approaches to compliance 
with standards were used. For example, in the USA 
self-assessment was common at the beginning, but 
with larger projects and thus also greater finan-
cial risks, due diligence by independent engineers 
became widely used. 

Initially third-party conformity assessments were 
provided by certification bodies using their own 
conformity procedures and rules, as well as the 
available international standards as normative 
requirements for certification, with interpretations 
and supplementary requirements added from local 
national standards [5]. However, with the accelerat-
ed development in the wind and renewable energy 
sector by many manufacturers and projects world-
wide, a harmonized third-party assessment system 
was needed to assure the necessary transparency, 
acceptance and trust in the overall process. In 2010, 
the IEC 61400-22 standard was issued to provide 
such a framework for wind turbine generating sys-
tems conformity assessment and testing.

As of today the responsibility for the development 
and maintenance of standards providing technical re-
quirements and procedures for performing third-par-
ty verification and certification of compliance with 
technical standards has been divided between IEC 
TC88 and IECRE Renewable Energy (The IEC System 
for Certification to Standards Relating to Equipment 
for Use in Renewable Energy Applications). IECRE 
was established in 2014 by the IEC with the aim of 
running a single, global certification system accept-
able to local and national authorities, and using 
high-quality international standards while also allow-
ing for continuous improvements. In 2018, once the 
IECRE’s operational documents (ODs 501 and 502) 
had been created, IEC 61400-22 was withdrawn. 

Today there are three major areas of conformity 
assessments:

• Calibration and testing provided for various 
calibrations, and performance testing for 
wind-energy equipment and project perfor-
mance.

• Equipment-type certification scheme providing 
procedures for conformity assessments to IEC 
standards for WTG and components related 
to safety, reliability, performance, testing and 
interaction with the electrical power network. 

• Project certification of a complete wind farm 
on or offshore focusing on design, manufacture, 
transportation, installation and operation. It 
may also include assessment of the site-specific 
design and a site assessment, without evaluating 
transport, construction or testing. This may 
vary worldwide. For example, project certifica-
tion is so far only required by Denmark, Ger-
many, France, Japan, Taiwan and the US, while 
Belgium and UK require project certification 
only in part. There is also a concern that present 
forms of project certification are not suitable 
for floating offshore wind farms. Existing tools, 
such as certification, the marine warranty sur-
veyor (MWS) process and supply-chain reviews, 
need careful attention to ensure they are still fit 
for purpose when applied to floating offshore 
wind farms. This will require early engagement 
between project sponsors and insurers to ensure 
the key differences are understood. 

In TC88 a large pool of standards have been drawn 
up, and new ones are being developed within the 
61400 series. Therefore a hierarchical re-structuring 
of the standards is currently being undertaken to 
make the contents of standards and the interfaces 
between them clearer, and also to make revision 
activities easier. This should cover all aspects, from 
design to operation and maintenance, where the in-
dividual sub-standard has a well-defined and limited 
scope and refers to overriding standards (efficient 
system of a well-defined and narrow scope). This is 
illustrated in the figure below.

Critical issues for wind energy standardization 
and certification 
There are several critical issues related to the devel-
opment of wind energy standards and certification 
that have to be taken into consideration.

Technology standards 
A wind turbine is a series product that is later imple-
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mented under site-specific conditions. This means 
that a wind turbine is not designed for the specific 
condition where it sits on a site but rather for typical 
conditions as specified in the wind-turbine classes in 
standard IEC 61400-1. These classes are expected to 
encompass typical conditions world-wide, but they 
do not take into account special regionally or locally 
extreme conditions such as typhoons, cyclones, 
earthquakes and icing. However, in order to account 
for differences in wind and climatic conditions glob-
ally, there is a need to adjust standards to address 
them [3], both to describe the conditions and to 
assess if products are fit for purpose. 
 
A similar challenge comes from the rapid scaling up 
of wind turbines that brings the rotor scanning the 
wind field up to 200-300 m above terrain. This well 
above the first 100 m, which is relatively well-known 
from measurements and where the wind loading is 
described in standards. The upscaling is illustrated 
by the largest onshore and offshore turbines from 
Vestas,3 the V162-6.2 MW and the V236-15 MW 
with rotor diameters of 162 m and 236 m respec-
tively. This should be compared with the average 
capacity of wind turbines installed in 2020 of 3.3 
MW and 7 MW respectively [6]. These tall wind 
turbines encounter wind conditions that may differ 
considerably from the conditions defined in the IEC 
standard classes, for example, in respect of wind 
shear or wind veer. 

3  Vestas | Products, 21-07-2021.

The acceleration of technological developments rais-
es another set of questions. Whereas standards have 
many advantages, e.g. in promoting trade and secur-
ing a minimum level of quality and reliability, they 
may also stifle innovation. Can we devise standards 
that support technological development, various 
levels of knowledge of wind and external conditions, 
and materials and component reliability? An attempt 
in IEC to develop a standard with requirements for 
the probabilistic design of wind turbines has started 
in 2021.

Other technological trends, such as digitalization, 
sensors and control, system integration, DC grids, 
recyclability etc., provide challenges and oppor-
tunities that today’s standards are ill-equipped to 
support but must be addressed in the future. With 
much of the energy transition and carbon neutrality 
needing to be completed by 2050, standards need to 
support and push technological development rather 
than summarizing best practices.

Harmonized interpretations of testing requirements 
and test facilities
Developing international standards and the cer-
tification of test and validation methods is key to 
facilitating harmonized interpretations of testing 
requirements and also to develop Operational 
Documents for peer assessment of renewable test 
labs and to develop a common reporting format for 
competence areas [7]. As described in Chapter 2, 
the technological developments and validation of 
wind turbines depend on the use of wind resource 

DTUDate Title
2

Figure 2.
61400-101: Hierarchical 

structure of IEC standards
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measuring devices, model experiments, test facilities 
of all sorts and full-scale prototype testing. 

Also, access to tests and demonstrations is consid-
ered a key prerequisite for industry R&D depart-
ments to establish themselves in a specific location 
or country. Such departments are closely related to 
the manufacturing facilities where there is constant 
feedback from testing components, systems and 
proto-types. Especially for Denmark as a global 
front-runner but with a relatively small market, 
it is important to offer state-of-the art testing and 
demonstration facilities and competences [8]. Such 
research infrastructure is decisive for the capacity 
to deliver scientific breakthroughs and to foster 
innovation. It constitutes a powerful resource for in-
dustry and hence is a prerequisite for collaboration 
between industry and academia, as well as providing 
unique training opportunities and playing an im-
portant role in the education and upskilling of new 
generations of scientists, engineers and professionals 
[9]. Denmark is a showcase for integrating large 
amounts of wind energy into the electricity system, 
and with the planned energy islands, the expecta-
tion is that such competences and knowledge will 
be brought to a higher level of expertise. In Table 1 
below an overview of DTU test facilities is provided.

Not included in this overview is the ambitious 
proposal to create a distributional test infrastruc-
ture between key knowledge players in Denmark, 
the so-called National Energy System Transition 
facilities (NEST). The NEST Facilities interlink 
physically disconnected laboratories to create one 
large connected set of energy system laboratories 
with the ability to mix and match the individual 
pieces to accelerate the energy transition. Five 
laboratories of the three university partners (DTU, 
AAU and AU) combined with large scale demon-
stration facilities at Lindø Offshore Renewables 
Center (LORC), GreenLab Skive and the National 
Test Centres for large wind turbines at Østerild and 
Høvsøre cover all technologies, power and TRL 
levels needed for research in the energy system of 
the future dominated by wind energy. The devel-
opment of new technologies can seamlessly move 
from one lab to the next, and finally end up in full-
scale demonstration in e.g. GreenLab Skive, the 
Østerild National Test Center or the nacelle and 
other test stands in LORC. In short, the coupled 
NEST Facilities will become a Danish renewable 
power incubator to help new energy system tech-
nologies to get ready.

DTUDate Title

Figure 3.
NEST digital infrastructure 

(UMV 2022-2025)
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System complexity and dynamics
Wind energy is a highly complex technological sys-
tem where random external conditions interact dy-
namically with the structural system with advanced 
control and interdependent components. A safe and 
well-functioning wind energy system consists of 
more than well-designed individual components [5]. 
For example, IEC 62400-21-4 provides a standard 
for testing wind turbine components, while IEC 
61400-1 provides standards for design of the wind 
turbine and the wind energy plant. The whole IEC 
61400-21 series is subject to measurements and as-
sessments of the electrical capabilities and is subject 
to the validation of electrical simulation models in 
IEC 61400-27-2. 

An additional critical issue is the interrelation 
between the standard-making communities, i.e. the 
wind energy generation systems (TC88), and the 
system aspects of electrical energy supply (TC8), 

which illustrates the complex and multi-layered re-
quirements that exist within and between the stand-
ards. The transmission system operators (TSOs) 
use the TC8/SC8a Grid Integration of Renewable 
Energy Generation standard to ensure proper 
planning and safe operation, but interoperability, 
both technical and non-technical, between the two 
sets of standards is needed to address the technical 
challenges related to the interoperability of the main 
components of off shore (HVDC) systems [12]. The 
need for interoperability originates from the inte-
gration of a high number of converters delivered by 
various manufacturers and consequently based on a 
diversity of technologies. 

Future challenges for standards and  
certification
The strategic priorities and input discussed by the 
Danish S588 Committee in its position regarding 
the TC88 strategy combines sustainability, the cen-
tral role of wind energy creating a 100% renewable 

Test Centre Høvsøre,  
West Jutland

Offers seven testing sites for international companies test their wind turbine 
concepts and collect data from tests carried out on the turbines. It is possible 
to test and document safety, the turbine’s performance, and noise emission 
with up to 200 metres in overall turbine height.

Test Centre Østerild,  
West Jutland

Offers state-of-the-art facilities to test up to nine wind turbines of which 
Vestas owns two, Siemens Gamesa two and DTU Wind Energy the remaining 
five. Five test sites It is possible to test turbines up to 330 metres in five of 
the test sites and for the remaining up to 250 m. It is being investigated how 
to increase the max height to 400 meters.

The Large-Scale Facility , 
DTU Risø Campus 

The facility consists of a 1560 square metre test hall with three test stands 
capable of testing 45 m, 25 m and 15 m blades or other slender structures.

Poul la Cour Wind Tunnel, 
DTU Risø Campus 

The Poul la Cour Tunnel is a wind tunnel of the closed-return type. The fan 
is driven by a 2.4 MW motor, giving a volume flow up to 630 cubic meter per 
second corresponding to a maximum test section velocity of about 105 m/s 
or 378 km/h.

Composite Laboratories, 
DTU Risø Campus

Composite lab for R&D within composite processing techniques, preparation 
of test specimens, accredited mechanical testing to meet industrial stan-
dards, X-ray computed tomography, electron microscopy, plasma treatment 
and surface chemistry, sensor instrumentation, and signal analysis. 

The research wind turbine 
V52 DTU Risø Campus

The research wind turbine is a variable speed-pitch adjusted wind turbine and 
works as the main part of the large modern megawatt wind turbines.

WindScanner Windscanner.dk was established in 2010 to provide the European wind 
energy research community and industry with remote sensing-based wind 
scanners, able to map the entire 3D wind fields around today’s huge wind 
turbines, wind farms, bridges, buildings, forests and mountains.

AC/DC WindPowerLab. A converter-based laboratory aimed at investigating power electronic controls 
and controller interactions in low-inertia systems. It consists of four 10 kW 
custom built converters. Two of them are 2-level converters and two are MMC 
(modular, multi-level converters), covering the main converter technologies 
used today.

Table 1.
DTU test and research 

facilities 2021
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energy sector, and a constant view of innovation in 
developing harmonized technical requirements and 
standards. 

Sustainability plays a key role in securing the future 
for the wind energy industry as the upscaling of 
wind farms pushes the technology to new scales. 
It considered essential to develop standards that 
address a circular value chain and the life-cycle im-
pacts of wind turbines. As IEC TC88 has represent-
atives from all the stakeholders in the value chain, 
this is an obvious opportunity for the wind industry 
to develop standards as a strategic tool to promote 
global acceptance and to take a leading role in the 
attempt to meet the climate targets. 
Closely related to the sustainability and system 
integration agendas is also the interrelation between 
wind energy standards and power-to-x standards, 
which will develop along with the ambition to create 
a 100% renewable energy system where wind power, 
sector coupling and power-to-x will contribute to 
greening the transportation sector and provide 
green hydrogen to agricultural and chemical indus-
tries that use hydrogen in their production. This also 
involves IECRE certifications to support the efficient 
integration of wind energy into the energy system.

Finally, there should be a focus on promoting inno-
vation and cost efficiency while constantly harmo-
nizing the technical requirements. Although wind 
energy technologies can be considered a mature 
technology with well-established markets, the tech-
nological development will continue to accelerate. 
If standards do not reflect this acceleration, instead 
of facilitating knowledge-sharing and spurring 
deployment, more comprehensive standards may 
prove to be barriers to technical development. 
Access to state-of-the-art test and demonstration 
facilities plays an important role in this acceleration 
and is of the utmost importance in consolidating 
and sustaining Denmark’s global position in wind 
energy. It does matters who is the standard-setter, 
namely leading companies operating in favourable 
framework conditions. It is equally important that 
neutral research institutions with no stakes in indi-
vidual companies act as standard-setters to balance 
the interests of both industry and end-users.  

Global cooperation, scientific advice and 
research-based consultancy
Global wind energy continues to expand, as does the 
engagement of DTU Wind Energy in providing sci-
entific advice to authorities and institutions around 
the world. This started in Cape Verde Islands in 1983 

and lasted for more than 25 years with support for a 
technology centre, wind-resource assessments and 
the planning of wind farms financed by UN, Danida 
and the World Bank [13]. Later followed further 
engagements in Somalia (1985-1988), Egypt (1991-
2006), Indonesia, India, South Africa, China and 
many more countries,4 mainly related to wind-re-
source assessment, wind-farm planning and test 
centres for wind energy. Today, this early engage-
ment provides a solid foundation for both research 
projects, as well as technical assistance within the 
Danish Energy Agency’s Global Cooperation with 
nineteen partner countries (per September 2021).5

Examples of wind-resource mapping activities in 
emerging countries are described below. See also 
Chapter 3 for developments in the wind atlas in 
general.

Egypt was one of the first countries in the world to 
map its wind resources in the Wind Atlas for Egypt 
based on mesoscale modelling (KAMM/WAsP). The 
Atlas was created by the New and Renewable Energy 
Authority (NREA), the Egyptian Meteorological 
Authority (EMA) and DTU Wind Energy and was 
finalized in 2006. In the past, Egypt has carried out 
multiple activities to develop its wind-energy sector 
in collaboration with DTU Wind Energy. From 1991 
to 1997, the focus was on demonstrating and devel-
oping technology and planning in the sector. This 
included a demonstration wind farm in Hurghada, 
the creation of the Hurghada Wind Energy Tech-
nology Center (WETC), the measurement of wind 
resources along the Gulf of Suez, and elaboration of 
the Wind Energy Master Plan (WEMP) for Egypt. 
Afterwards, from 1997 to 2006, the installation of 
measurement stations and equipment, software 
tools and databases was required to create the Wind 
Atlas for Egypt. In addition, guidelines for environ-
mental approvals were created, together with the 
Bird Migration Atlas and the Wind Farm Planning 
Report [14]. During these years, the Zafarana wind 
farm was developed, including site and resource 
assessment, site calibration, layout and performance 
assessment. 

4 Since 1980, DTU Wind Energy (until 2007 via Risø Wind 
Consult) has taken on a broad range of tasks, with a particular 
emphasis on the preliminary phases of wind power projects 
and problem complexes that call for new knowledge or the fur-
ther development of standards and methodology and delivered 
consultancy and capacity-building to more than fifty countries 
in Africa, Asia and Central and South America.
5  See more on Global Cooperation here: https://ens.dk/en/
our-responsibilities/global-cooperation
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The wind atlas and the knowledge thereby obtained 
allowed NREA to identify areas with good wind 
resources, after which it contacted all the relevant 
authorities to obtain concessions of land to build 
wind farms, whether developed by themselves or 
by private developers. Today a new assignment is 
‘exploring options for the improvement of wind 
resource assessment in Egypt, and a joint bilateral 
research project is being pursued regarding the 
methods and quality of forecasting renewable energy 
in Egypt with universities, relevant authorities and 
private stakeholders. 

The Wind Atlas of South Africa (WASA) was sup-
ported by the Danish Government and Global En-
vironmental Facility (GEF) through UNDP and was 
conceived in 2008. Versions of the Wind Atlas of 
South Africa were launched in 2012, 2014, 2018 and 
2020.6 WASA1, WASA2 and WASA3 constitutes 
the building blocks for South Africa and is current-
ly validated for approximately 75% of the country. 
Most wind projects are located in the Western Cape 
and Eastern Cape, but WASA3 and other studies 
suggest that almost the entire country has resources 
for feasible wind projects but that measurements for 
validation have not yet been carried out in the north 
of the country (Mpumalanga, Limpopo and North 
West), where uncertainties over wind-resource 
assessments are more significant than in other 
provinces. 

WASA4 is currently under development and aims at 
validating and reducing the uncertainties of WASA, 
upgrading WASA, supporting large-scale wind-farm 
developments and wind conditions for large wind 
turbines, estimating off-grid annual wind-energy 
production, supporting regional cooperation and 
providing capacity-building and education in uni-
versities and public entities.

As part of the Sino-Danish Wind Energy Develop-
ment Programme, DTU collaborated with China’s 
Meteorological Administration (CMA) in making 
wind-resource assessments in 2008-2010. The main 
results of the “Meso- and Micro-scale Modelling 
in China” project were:  1) Mesoscale modelling in 
China: Risø DTU numerical wind atlas calculation 
for Dongbei (NE China); 2) wind measurements 
for validation from mast-mounted anemometers 
and vanes in Dongbei (NE) China from 2008 to 

6 On the WASA project, see: http://www.wasaproject.info/
index.html 

2010; and 3) microscale modelling generating an 
observational wind atlas for measurements loca-
tions in northeast China, used for verification of the 
meso-scale modelling [15].

In 2011, the National Institute of Wind Energy in In-
dia (NIWE) and DTU developed a numerical wind 
atlas of India. The technique used was the KAMM/
WAsP developed by DTU. DTU has also supported 
NIWE in setting up a Wind Turbine Test Center in 
Kayathar in Tamil Nadu in 1999 and is currently as-
sisting NIWE in preparing for an offshore test centre 
[10]. Also a joint research project called HYBRIDize 
was launched in 2019 focusing on new knowledge, 
methods and tools for a large grid-connected re-
newable hybrid power plant (HPP) to provide value 
not only to the project partners but also to society at 
large after completion of the project.

DTU carried out Phase 1 of the World Bank’s Re-
newable Energy Resource Assessment and Map-
ping project for Vietnam in 2014 [16]. The interim 
meso-scale modelling results were calculated by 
output from simulations of the WRF model. The 
methods used to run the meso-scale simulations and 
generalize the WRF model’s wind climatologies were 
documented and provided with preliminary valida-
tion. A meteorological phenomenon of particular 
interest was the nocturnal low-level jet examined in 
the model output data. 

Under the Mexican-Danish Climate Change Mitiga-
tion and Energy Programme (CCMEP), a Wind Atlas 
for Mexico has been developed in order to enhance 
Mexico’s capacity to assess its wind-energy resources. 
DTU Wind Energy collaborates with the National 
Institute for Electricity and Clean Energy (INEEL), 
CFE, the University of Mexico (UNAM), SENER and 
the Danish Energy Agency. The atlas is a numerical 
atlas complete with historical datasets, wind-climate 
statistics, elevation and roughness maps, and analysis 
performed using WAsP. The assignment also includ-
ed measurement campaigns, resolution studies of 
meso-scale modelling, scoping of extreme wind, and 
training and education. Alongside the Wind Atlas 
project, a parallel research project is focusing on mul-
ti-scale and model-chain evaluations of wind atlases 
conducted by DTU Wind Energy, Technologico de 
Monterey, CISESE and others. 

And then there is the Global Wind Atlas. This is an 
open and free diamond which brings together the 
latest developments in global resource assessments 
to be used by planners and others to make prelim-
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inary assessments of resources as a first important 
step in making wind energy available on a global 
scale.  

Also more policy-planning advice is provided in 
recent assignments with Ukraine, Indonesia and 
Vietnam in which support schemes and auction 
designs for wind energy are reviewed, analysed and 
discussed with national authorities and stakeholders, 
thus maximizing the knowledge from state-of-the-
art research on policy design and implementation 
in advanced European wind energy countries (see 
Chapter 4), as well as emerging economies such 
South Africa [17].    

Critical issues in global scientific advice
Over the years, Danish researchers have been deeply 
involved in providing their knowledge to peers and 
stakeholders around the world in order to facilitate 
the design and uptake of wind energy. This has given 
rise to a number of critical issues that need to be 
addressed.

Global scientific advice as part of national diplomacy 
and economic interests
Although in principle science should benefit 
society in its widest meaning, being international, 
disinterested and subject to organized and trans-
parent scepticism, science is also embedded in 
countries’ diplomacy and economic interests. This 
is even more outspoken in global scientific advice. 
The projects described above have formed part 
of the development aid programmes of Danish 
and multilateral institutions, which have placed 
a strong emphasis on capacity-building so that 
the aided countries would be able to plan for and 
implement wind energy. Tests and demonstrations 
of wind turbines have also been included, thereby 
supporting wind turbine manufacturers in their 
market entry to these countries. 

At the same time, the receiving countries may have 
a political and economic interest in developing their 
own technologies and competing on the global 
market. This may skew requests for scientific advice 
towards technology transfer, which may be in con-
flict with national industrial interests. A clear policy 
and an ability to balance interests is essential.

Global scientific advice contributes to disseminating 
international rules, procedures and standards
Since the first development projects in the last 
century, the industry has become a global industry 
subject to fierce competition and national requests 

for local content, which makes market entry more 
difficult and subject to joint venture arrangements, 
licencing etc. This is a first step in building up a 
national innovation system which may be used as a 
window of opportunity to catch up and even chal-
lenge the front runners, as the Chinese wind energy 
industry has demonstrated [18]. Global scientific 
advice then becomes part of making sure that what-
ever technology is used complies with international 
standards and safety and reliability rules. Although 
Denmark is a frontrunner in wind energy, the big 
markets are elsewhere. Global scientific advice plays 
a key role in disseminating the international rules, 
procedures and standards for wind energy technolo-
gies and projects. 

Global scientific advice creates new knowledge
Global scientific advice has paved the way for apply-
ing state-of-the-art knowledge in new settings geo-
graphically, physically, institutionally and culturally. 
It has also challenged the known ways of exploring, 
planning and implementing wind energy and forced 
researchers to reflect on established practices and 
underlying assumptions, possibly leading to totally 
new solutions. The Global Wind Atlas rests on a sol-
id foundation of mission-driven wind resource as-
sessment and observational and numerical projects 
to provide a planning tool for local authorities and 
developers. The cooperation with local authorities, 
research institutes and companies has been decisive 
here, as well as being part of the wind atlas activities 
financed by the World Bank and others. 

Global scientific advice is intertwined with research 
and education
The close link between international research 
cooperation, capacity-building and global scien-
tific advice is illustrated in several cases, and also 
to a large extent supported by an aligned effort by 
different Danish agencies, ranging from the Danish 
Foreign Ministry, the Danish Energy Agency and 
the Danida Fellowship Center to the Innovation 
Fund Denmark. For example, the cooperation 
with NIWE in India has developed over many 
years and is characterized by capacity-building 
and learning from Danish experiences, but also 
involves genuine research projects to which both 
parties contribute and from which they both gain 
in the common endeavour to develop wind energy. 
Although the emphasis is on capacity-building and 
some continuing courses are made for practitioners 
from cooperation countries, less attention is given 
to higher education cooperation and support at the 
institutional level. 
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Future challenges for scientific advice
The question remains whether it makes sense in 
a mission-driven research area to distinguish so 
sharply between research, education, innovation and 
scientific advice. The traditional divide has internal 
implications for career development, with research 
overruling the other two. The external implica-
tions are related to the financing of global scientific 
advice, which is traditionally subject to market com-
petition, with little notice being taken of the added 
value of being a university or other independent 
knowledge institution.

Governments around the globe argue that in-
vestments in the green transition create jobs and 
economic prosperity, and the wind energy sector is 
no exception.7 Global scientific advice has to balance 
the conflicting interests involved in the technolog-
ical competitiveness of countries with transferring 
state-of-the-art knowledge to cooperating partners 
to assist them in taking action and developing the 
necessary conditions for the uptake of wind ener-
gy. It is hence part of the geopolitics of the energy 
transformation, which are fundamentally different 
from that of fossil fuels. Researchers highlight a 
range of implications [19], such as: i) a shift towards 
less oligopolistic markets due to the abundant and 
geographically dispersed nature of renewable sourc-
es; ii) competition for access to critical minerals and 
metals, impacting on interaction, markets and trade 
partners, and reshaping cooperation and conflicts 
among countries; iii) a shift from global [fuels] 
networks to regional and/or continental grids; and 
iv) increasing industrial rivalry over market shares 
in renewable energy technologies. This may lead to 
trade wars and market protection, but it might also 
lead to accelerated technology development, lower 
costs and wider uptake to the benefit of the climate.

Outlook
In conclusion, putting knowledge to work in inter-
national standardization and global scientific advice 
is driven by the mission to create knowledge for 
the benefit of the public good and society. Much of 
this work is incremental and focused on optimiz-
ing the relevant technology and services within the 
given boundaries or transferring and adapting the 
knowledge to new settings. But as has been demon-
strated above, it also provides access to new data, 

7  See, for example, IEA-COP26 Net-Zero Summit, April 2021: 
https://www.iea.org/commentaries/global-leaders-recognise-
clean-energy-s-huge-economic-potential-now-they-need-to-
act 

other stakeholders and different geographical and 
institutional settings, all of which challenge assump-
tions and help create new concepts and solutions. 
The sustainability agenda is here to stay, as is the 
system perspective of wind energy. Little is being 
researched about the conflicting interests in setting 
standards for new energy technologies and systems 
when striving to combat climate change and achieve 
sustainable development. Contrary to international 
R&D cooperation [20], there is little knowledge on 
the benefits and disadvantages of global scientific 
advice and consultancy.
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