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Progress is an unstoppable, transformative force. New technologies, 
product advances and globalization are arriving one on top of another  
at a dizzying pace. Innovation makes us more efficient, more productive 
and more connected. But there is a cost, and that cost is risk. To help 
mitigate the emerging risks, UL is developing New Science. Through 
fundamental discovery, testing methodologies and equipment, 
procedures, software and standards, UL is creating new and important 
ways to make the world a safer place.
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Through measurement sensor technology and the most  
extensive data to date,  we are collaborating with public  
and private stakeholders in Germany to accelerate the  
advancement of offshore wind power. 

UL is participating in a pioneering smart grid research  
project, Pecan Street Demonstration, compiling the  
industry’s most extensive database of consumer electricity 
consumption practices.

UL developed and published a series  of Certification 
Requirement Decisions for Smart Appliances, based  
on findings around emerging product capabilities,  
potential user behaviors  and safety implications.  

Rising costs, energy efficiency and environmental impact demand 
innovations in energy generation, distribution, management and  
usage. UL’s team of dedicated scientists, engineers and researchers  
are developing New Science to make energy cleaner, more reliable,  
more efficient and more secure.
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On the heels of the Fukushima nuclear accident in Japan, Germany passed a historic 
package of laws that commits the nation to a phase-out of nuclear power by 2022.1 
In order to realize the bold goals of this unprecedented Sustainable Energy plan, 
successful, environmentally responsible and economically feasible generation of 
offshore wind power is critical.  

Onshore wind power, though an important element in an overall renewable energy 
plan, does not have the potential that offshore wind power presents in the North  
and Baltic seas. Offshore, the wind speeds are greater than on land throughout the 
year,  and there is less turbulence. It is also not necessary to limit the size of the wind 
turbines. On the other hand, there are greater investment and operating costs, and 
the maintenance and repair are considerably more complex than on land. To further 
complicate the issue, since Germany’s near-shore maritime areas are almost entirely 
protected as nature conservation areas, only areas in the exclusive economic zone  
(EEZ) can be considered for offshore wind energy (i.e., beyond the 12-mile zone).2  
This means that, in comparison with those of its European neighbors, these wind 
farms will be situated farther away from the coast and at greater depths, creating 
conditions so different from other wind farms that it requires a completely new 
approach to equipment, operational procedures, maintenance, measurement and 
reintegration of Sustainable Energy into the power grid.

During the next few years, a dozen large-scale wind farms are being installed far  
off the coast of Germany in the North and Baltic seas. These are already earmarked  
to make up more than one-third of Germany’s installed wind energy output by 2020.3

CONTExT

Research at Alpha Ventus  
(RAVE) is a revolutionary  
initiative designed to accelerate 
the advancement of offshore  
wind power.
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Our work with the Research at Alpha Ventus (RAVE) program delivers important 
knowledge needed for a vision of the future — a future where large and powerful 
offshore wind farms and other forms of Sustainable Energy generation will soon 
deliver a substantial portion of the electricity in Germany that used to be provided  
by nuclear power plants. Insights and experience that we gain from this project may 
also facilitate a broader pursuit of offshore wind generation around the world. 

WhY MEASURING OFFShORE WINd POWER MATTERS

WhAT ThE RESEARCh dEMONSTRATES

RAVE is a revolutionary government-sponsored research initiative bringing together 
public and private stakeholders across the Sustainable Energy industry for a  
first-of-its-kind collaboration to accelerate the advancement of offshore wind power. 
The focus of this important research is to optimize offshore wind technology, providing 
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critical feedback on efficiency, costs and environmental impact to wind farms currently 
in planning and development in the area. Located 45 kilometers north of Borkum, the 
Alpha Ventus test field began operation in April 2010 with 12 wind turbines. In 2011,  
267 million kWh of wind power were produced there.4

The German Wind Energy Institute (DEWI), a UL company, has been responsible 
for developing, deploying and monitoring the technology to record accurate 
measurements on several of the wind turbines. In addition, we are providing  
critical long-term data through the FINO 1 research platform, where the most 
comprehensive wind measurements in the offshore sector in the world have been 
collected over the past 10 years.5

MeasureMent sensor technology

The Alpha Ventus wind test field is situated in an area of the North Sea that is typical 
for offshore projects in the German Bight. The wind turbines have been constructed  
on foundation structures that, depending on the depth of water, can be up to 45 
meters deep and are anchored in the seabed at a depth of up to 30 meters. Wind 
turbines at sea are subject to coupled loads caused by wind and wave conditions. 
Important research aspects can therefore be investigated here. These include the 
external operating conditions, structural dynamics, foundations for the wind turbines 
and, in particular, grid integration. The main loads on wind turbines are caused  
by environmental parameters such as the sea state, wind, sea wash, weathering,  
corrosion and scouring.6

In conjunction with our project partners in RAVE, we developed the measurement 
system necessary to capture critical data under the coordination of the Federal 
Maritime and Hydrographic Agency (BSH). To get accurate measurements, we 
equipped four of the 12 wind turbines constructed as part of RAVE with  
measurement sensors.7

Measurements are currently being conducted on the mechanical stresses and loads 
(vibration, expansion, torsion), electrical characteristic data and operational noises.  
In addition, oceanographic and geological studies are being conducted in the  
test field to investigate the interaction between offshore wind farms and the  
maritime environment. Temperature sensors have been mounted at various depths  
in the water to provide information on stratification and temperature changes in  
the test field. Numerous echo sounders on the foundations supply information on  
the scouring behavior and dynamics.8

Sensors to measure more than  
1,200 parameters have been installed 
on the wind turbines, foundation 
structures for the turbines, transformer 
station and seabed.9
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In the next few years, the focus of this important RAVE research will be on further 
optimizing the technology. Each small increase in efficiency and reduction in the 
specific investment costs will achieve a large overall impact on the 5,000 wind  
turbines scheduled to be constructed in German waters by 2030.10 

Particularly important topic areas include the testing of new support structures  
and the optimization of existing ones, the further development of simulation tools, 
improved yield forecasts taking so-called farm effects into consideration, and research 
into new materials and anticorrosion strategies. The further development of remote 
sensing methods for measuring wind and the environmental compatibility, such as 
Light Detection and Ranging (LIDAR), also continue to be ongoing research topics.11 

Note: DEWI is a leading expert in wind energy that was acquired by UL in June 2012.  
UL is committed to the field of renewable energy and will continue to advance this 
expertise globally.

iMPact
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Five thousand wind turbines  
are scheduled to be constructed  
in German waters by 2030.10

Sensors to measure more than 1,200 parameters have been installed on  
the wind turbines, foundation structures for the turbines, transformer station and 
seabed. We transfer the data daily from the measurement computers to be analyzed 
and transferred to the central research archive, which can be accessed by the  
RAVE scientists.9
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The price of meeting the world’s energy demands is estimated at $26.3 trillion  
through 2030 — an average of more than $1 trillion a year.14 Waste in the current 
electrical system in the U.S. costs roughly $500 billion a year. Costs from storm- 
related outages to the U.S. economy are estimated between $20 billion and $55  
billion annually,15 and losses from power-line damage total $150 billion a year.16

A smart grid is a digitally enabled electrical grid that gathers, distributes and  
acts on information about the behavior of all participants (suppliers and consumers)  
in order to improve the efficiency, importance, reliability, economics and sustainability 
of electricity services. Used in tandem with smart meters, solar panels, wind turbines, 
inverters, energy storage devices, electric vehicles and home energy management 
systems, smart grids are rapidly changing the power landscape and the rules  
of engagement.17

Having developed a reputation with consumers as a trusted brand for safety,  
UL is uniquely positioned to be a positive catalyst to accelerate smart grid adoption 
and industry transformation. As part of our ongoing commitment to advancing 
emerging technologies, UL is participating in one of the nation’s foremost smart  
grid research projects — Pecan Street Demonstration. 

Supported by a $10.4 million smart grid demonstration grant from the Department  
of Energy (and more than $14 million in matching funds from project partners),  
Pecan Street is being led by a team of researchers from The University of Texas,  
the National Renewable Energy Laboratory and the Environmental Defense Fund to 
develop and test an integrated, clean-energy smart grid of tomorrow in otherwise 
ordinary, contemporary homes. This first-of-its kind research project is compiling the 
industry’s most extensive database of consumer electricity consumption practices.18

cOntext

What did ul dO? 

Waste in the current electrical  
system in the U.S. costs roughly  
$500 billion a year.15

With investment in grid modernization, waste in the electrical system can be  
reduced by 31 percent.12 In addition, making consumers more aware of safe electricity 
production and consumption as well as the impact on economic and environmental 
outcomes will speed up acceptance and adoption of advanced technology innovations. 
By focusing our New Science on emerging smart grid technologies, UL is able to 
appropriately document the necessary processes, standards, best practices, rules 
and methodologies that will serve as a blueprint for safe smart grid technology 
implementation.13

Why advancing the sMart grid Matters
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Five hundred residences in Austin, Texas, are participating in Pecan Street 
Demonstration: allowing their energy usage and consumption to be monitored and 
analyzed. Half of the residences are located in Mueller, a one-square-mile community 
that boasts the highest concentration of homes with electric vehicles (60 total) and 
the most owner-installed solar panels (200 of the 250 homes) in the U.S.19  

UL is focusing on two key elements of the research project: 

1. Safety: looking at electrical fire and shock hazards for home energy  
management systems and appliances, including electromagnetic compatibility 
issues, functional safety and tamper resistance. 

2. Interoperability and system integration: continually looking on both sides  
of the meter, striving for safe living and working environments.20 

In addition, UL is training and certifying a team of evaluators to review and rate  
the grid project performance according to the Perfect Power Institute’s Power  
System Design and Performance Assessment standards developed in conjunction 
with UL. These technical specifications are based on input from mayors and other 
community-based stakeholders, including a number of smart grid pilot projects and 
other expert advisors. Communities can use the project ratings to compare service 
providers, shape policy incentives and work with utilities to ensure access to  
electricity that is cleaner, more affordable and reliable. With more communities 
and states moving toward restructuring, grid developers can use these ratings to 
better inform decision-making while entrepreneurs develop applications that allow 
consumers to better manage their electricity use.21

UL is working with utilities, technology providers and consumers, helping ensure the 
safety and security of the technologies involved with the Pecan Street Demonstration. 
In this role, UL is helping reduce component failures, improve product life cycles and 
accelerate market adoption of the smart grid.

The market for smart grids and renewable energy integration is expected to grow  
from $3.8 billion last year to $13 billion by 2018.22 UL’s important work with Pecan  
Street has reimagined an energy distribution system in a way that could support  
and accelerate the installation and management of smarter and cleaner electricity 
services, reducing costs and harmful environmental impact while enhancing  
reliability and peace of mind. 

iMPact 
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Five hundred residences in Austin,  
Texas, are participating in Pecan  
Street Demonstration: allowing their 
energy usage and consumption to  
be monitored and analyzed.19
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Demand for smart-enabled or smart appliances is expected to undergo explosive 
growth over the next several years. Two factors are fueling these expectations.  
First, the proliferation of smartphones is creating marketplace demand for “smart” 
features, including expanded functionality and anytime, anywhere convenience.  
The second factor is rising energy costs, coupled with the fact that electrical  
appliances account for a significant portion of home energy use. Given these factors, 
the nascent smart appliance market is projected to expand by 394 percent over five 
years, surpassing $15 billion in sales globally by 2015.23 The U.S. is expected to constitute 
36 percent of that market.24 

Facilitated by the build-out of smart grid infrastructure and the adoption of  
smart meters, smart appliances use advanced electronic and communications 
technologies to enable consumers to closely monitor, control and reduce energy  
use and costs.25 Six core capabilities broadly define the energy-related characteristics  
of smart appliances:  

• Providing real-time electricity pricing information, which allows the consumer  
to adjust or reschedule appliance usage to reduce energy costs.

• Enabling consumers to set their own operating parameters (e.g., when and  
at what settings the appliance should run), facilitating usage during  
off-peak periods.

• Offering consumers the opportunity to take advantage of utility incentives 
without compromising the appliance’s critical safety functions.

• Responding to emergency power situations and helping prevent brownouts  
or blackouts — without compromising its operational integrity.

• Interacting with a home energy management system, which enables a consumer 
to conveniently monitor and manage the home’s overall energy usage.

• Facilitating the use of energy from renewable sources, such as wind or solar,  
by shifting demand to capitalize on favorable generation conditions.26 

CONTExT
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The smart appliance market  
is projected to expand by  
394 percent over five years.23

Smart appliances play a critical role in achieving the full potential of smart grid 
infrastructure to reduce energy use and costs and enhance the reliability of the power 
supply. At this early stage in the development of the smart appliance industry, when 
product capabilities and consumer usage patterns are evolving, it was imperative  
for UL to both facilitate manufacturer innovation and consumer safety. Ultimately,  
this will help consumers around the world reap the benefits of smart appliances.

WhY ThE SAFETY OF SMART APPLIANCES MATTERS
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In 2011, UL began a dialogue with manufacturers, retailers and trade associations  
to better understand emerging product capabilities, potential user behaviors  
and the safety implications of smart appliances. This innovative approach is the  
New Science UL developed to identify specific safety concerns related to smart 
appliances, including:

• Functional safety: Smart appliances are designed to accept incoming signals  
that control their operation. However, indiscriminate or unintended signals  
could compromise an appliance’s protective functions or cause an appliance 
to operate in a manner that may be hazardous to consumers. Depending on 
the appliance, it may be necessary to restrict the remote activation of some 
operations or the modification of certain operating parameters. For example,  
an electric oven with a self-cleaning function that can be activated remotely  
might require the user to physically lock the oven door prior to remotely  
initiating the self-cleaning function.

• Interconnected electronic circuits: Smart appliances incorporate interfaces  
and circuitry designed to enable the communication functions required for 
effective power management. Such electronic communication circuits, as well  
as the circuits that power them, must be designed so that their combination  
with onboard appliance electronics protects the user from electric shock.

What did ul dO?  

UL’s work in smart appliances  
plays a critical role in achieving  
the full potential of smart grid 
infrastructure to reduce energy  
use and costs and enhance the 
reliability of the power supply.

While the first commercially available smart appliance came on the market in  
2009, the smart appliance category — which holds such great promise of energy 
and cost savings for consumers — is still in its infancy in terms of total penetration 
of the consumer market. New manufacturers are entering the picture and continued 
advancement is in progress. Because of this, user behavior in response to new 
technology and functionality is largely unknown and can be very difficult to  
accurately predict. 

As new smart appliance capabilities and other innovations are established  
through the application of advanced technologies, new consumer behaviors may 
emerge. Because of this, unforeseen product safety issues could arise that are not  
fully addressed in current end-product standards. Appropriately anticipating this  
product safety gap presented a unique situation for UL. Product safety standards  
must address product design and use and respond to continued advancements  
as they develop. 
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• Enabled functions: In theory, a smart appliance can receive incoming signals 
that could add new operating functionality or modify existing functionality 
in a manner that has not been thoroughly evaluated. For example, a clothes 
washer will normally wash, rinse and then spin.  Altering this order would be 
an unanticipated operation for the user and could result in overheating or risk 
of injury. Controls may be required to prevent the addition of new unintended 
functions or the modification of existing functions that have not been 
investigated for compliance with the standard.

• Electromagnetic compatibility (EMC) immunity and emissions:  
Communication circuitry within or on a smart appliance may generate 
unintentional electromagnetic interference (EMI) that could compromise  
the protective functionality of the appliance. Because of this, the immunity  
of onboard electronic devices and circuits must be assessed, with shielding  
provided in the event that radiators may produce unwanted interference.27

The result of UL’s collaboration with manufacturers, retailers and trade associations 
is a series of Certification Requirement Decisions (CRDs) that UL published for smart 
appliances. When used in conjunction with applicable end-product standards, these 
CRDs provide confidence that any smart-enabled appliance functionality will not 
conflict with the overall safety of the product. UL has published CRDs for the following 
household categories: electric storage tank water heaters, refrigerators and freezers, 
ranges/cooktops, energy management equipment, room air conditioners, microwave 
ovens, and clothes washers and dryers.28

SUSTAINABLE ENERGY JOURNAL / THe sAfeTY of smART APPliAnces

UL is helping make smart appliances safe through a series of CRDs that, coupled with 
existing safety standards, will help ensure consumer protection while allowing for 
manufacturer creativity and further product innovation. UL’s New Science is facilitating 
smarter energy usage today and helping safeguard the explosive growth projected  
for the smart appliance industry in the future.

iMPact

FPO

UL is helping make smart appliances 
safe while fostering an environment 
conducive to innovation.
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