





Foreword

Growing levels of traffic and the need to ensure that
Germany, as a leading exporting nation, remains a
competitive site for economic activity mean that our
transport infrastructure has to meet enormous chal-
lenges in terms of efficiency. In addition, there are
central tasks such as road safety, environmental pro-
tection, climate change mitigation and effective ener-
gy conservation. And there is also the key question

as to how we can ensure that the necessary invest-
ment is made in our transport infrastructure with the
funds at our disposal. There are thus a lot of issues in-
volved in the construction of our future roads.

Given these challenges for the “roads of the future”,
we need innovations. The Federal Ministry of Trans-
port, Building and Urban Development and the Fede-
ral Highway Research Institute have thus developed a
research programme entitled “Roads in the 21t Cen-
tury - Innovative Road Construction in Germany”.
At the same time, the programme is embedded in the
Federal Government’s high-tech strategy. The objec-
tive is to pave the way for promising and innovative
solutions for the road mode into everyday

application in road construction: In the future, our
roads are to become more intelligent by means of
modern traffic guidance systems and an innovative
road works and incident management system.
Vehicle-to-vehicle and vehicle-to-infrastructure
communication will help to further reduce the num-
ber of accidents and smooth the flow of traffic. Ano-
ther example is the development and testing of mo-
dular rapid repair systems for concrete roads, also
known as concrete plugs.

Our objective in launching the “Roads in the 215t Cen-
tury” programme is to achieve more quality, improve
value for money and provide a crucial boost to inno-
vation in road construction in Germany. Take a look
for yourself.

Usde. Gunssnen

Dr Peter Ramsauer, Member of the German Bundestag
Federal Minister of Transport, Building and Urban
Development



Introduction

Transport is the foundation of our economy and so-
ciety. Mobility is a prerequisite of well-functioning
markets and is a crucial factor determining our qua-
lity of life. Future economic growth, and the conco-
mitant creation and safeguarding of jobs, will not

be possible without the movement of persons and
goods.

The road mode is a key component of an intermodal
transport system. It has to meet the travel needs of
individuals and manage the sharp rise that is likely in
our economy’s need for freight transport. Combined
with the rising need for structural maintenance, this
is already resulting in conflicts between moving and
stationary traffic and among the public affected by
emissions. The Federal Ministry of Transport, Buil-
ding and Urban Development’s Road Construction
Directorate-General, with the support of the Federal
Highway Research Institute, has developed a research
programme entitled “Roads in the 21t Century - In-
novative Road Construction in Germany”, which is
designed to provide the necessary boost to innovati-
on in the road mode.

21 century roads will have to confront not only fa-
miliar but also new challenges which, in the interests
of a sustainable system of roads, also have to be fully
taken into account. These challenges include:

Demographic change

The roads of the future are to cater in particular to
the mobility needs of an ageing society.

Climate change
By means of adaptation measures and mitigation

strategies, the roads of the future are to ensure sustai-
nable infrastructure, thereby safeguarding mobility.
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Technological change

The roads of the future can play the role of a driver of
innovation. On the other hand, postponing the int-
roduction of new technologies, or introducing them
hesitantly, will result in significant constraints. The
roads of the future are thus to make Germany a more
competitive site for economic activity by accelerating
and directly implementing technological advances.

Globalization

As a consequence of globalization, significantly hig-
her volumes of traffic are already apparent today

in both the passenger and freight sectors. To mana-
ge these levels of traffic, the roads of the future are to
deploy intelligent transport systems to control the
flow of traffic, thereby ensuring smooth mobility.

Sustainability in a post-fossil society

The roads of the future will be designed, built, ope-
rated and maintained on the basis of modern econo-
mic instruments. Full account is to be taken of the re-
quirements of sustainable life-cycle management, the
increasing use of alternative construction materials
and the application of appropriately optimized cons-
truction processes.

The objective of this framework programme is to
evolve the roads in a functional manner. In the inte-
rests of sustainable mobility, they are to be made sa-
fer, more economical, more efficient, more reliable
and more intelligent as regards their main use - na-
mely their connectivity function. In addition, boosts
to innovation will be generated. In this way, a holistic
approach is to be adopted to address the existing and
future requirements to be met by the road mode and
to tackle the new global challenges.



The following thematic focus areas have been selec-
ted for the programme:

. Safe and reliable roads

. Intelligent roads

. Energy-efficient roads

. Low-emission roads

. Roads as part of people’s living environment
Sustainable roads

OmMmmMgoOowp

. Roads as innovators

These areas include old and new challenges in vari-
ous guises. The thematic focus areas are also intended
to overlap when they are subsequently fleshed out.

To implement the research programme, the appro-
priate national bodies (government, academia, pub-
lic authorities and industry) will have to take concer-
ted and coordinated action. These bodies will thus be
involved in the further implementation of the pro-
gramme at an early stage. Within the Department,
there are capacities that can be deployed flexibly.
These include the research excellence of the Fede-
ral Highway Research Institute (which has its own re-
search and innovation programme) and the items in
the Road Construction Directorate-General‘s budget
that cover research. However, these conventional in-
struments will be nowhere near sufficient to provi-
de the desired boost to innovation. If the programme
is to be successfully implemented, it is thus impera-
tive that additional funds be provided at short notice
to kick-start key issues, i.e. project families of a land-
mark character. Funds are available for this purpose
from the Federal Government’s “12 billion euro pro-
gramme for education and research”.

In addition, the benefit that can be achieved in the
short term is to be sustained over the medium term.

To this end, all activities conducted as part of “Roads
in the 21% Century” will be used that are interlinked
at both the national (relevant research funded by the
Federal Ministry of Economics and Technology and
the Federal Ministry of Education and Research) and
European level: joint research conducted by the Con-
ference of European Directors of Roads (CEDR), rele-
vant research programmes launched by the European
Commission, the FOR (Forever Open Road) program-
me conducted by the Forum of European National
Highway Research Laboratories (FEHRL) and bilateral
collaboration, for instance with the French “Route de
la 5éme génération” programme.

There follows an outline of the programme for the
aforementioned thematic focus areas, covering pri-
marily the issues relevant to the federal trunk roads.
This is based on an approach with short, medium and
long term elements that build on one another. The
first phase of the approach provides for the prepara-
tion of blueprints plus the development of methods
and the procedural analysis of individual systems.
Building on this, the second phase will involve the
delivery of pilot applications and the integration of
subsystems. In both phases, aspects of business ma-
nagement and the national economy will have to be
taken into account. Based on the findings from the-
se stages, a strategy will have to be developed in each
case which pursues the objective of complete system
integration and the preparation of holistic practical
deployment.

The programme outlined here will create a frame-
work on the basis of which the innovations relevant
to the road system as whole will be identified, evol-
ved in a targeted manner and, taking a holistic app-
raisal as a basis, profitably deployed in practical appli-
cations.
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A. Safe and reliable roads

A key objective of 21 century roads is to facilitate the
safe and efficient movement of persons and goods
over short and long distances and to ensure that the-
se movements can be planned with a high degree of
reliability. In addition, the capacity of the roads will
be further enhanced so that they can not only car-
ry their own passengers and freight but also absorb
additional traffic resulting from disruption in other
modes of transport (for instance crises such as the
volcanic ash in 2010 or incidents such as the tanker
accident at the Loreley in 2011).

Given the age structure of the road network, there

is a great need for renewal. This need is to be met by
means of an overarching structural maintenance ma-
nagement system. Combined with an advanced road
works and incident management system, this will
make it possible to significantly reduce traffic disrup-
tion. 21% century roads are to be able to handle 21
century freight traffic on the basis of technologically
advanced and economically sound solutions. 21 cen-
tury roads will be able to integrate information from
vehicles into roadside information and management
systems and to support communication between in-
vehicle safety systems. This follows the guiding prin-
ciple that a safe road also decisively enhances its
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reliability. The basis for this will be a comprehensi-
ve safety management system for the entire road in-
frastructure. The network elements that are espe-
cially important for the quality of traffic (junctions,
bridges and tunnels) will be subject to in-depth safety
management. Accordingly, all major routes are to be
provided with optimum protection against the im-
pact of climate change, and the routine road mainte-
nance services will be equipped to cope with extreme
weather events. Another objective is to ensure that
each section of road, depending on its importance,
meets the information needs of every single road
user, thereby facilitating an efficient flow of traffic on
the basis of individual decisions.

Short-term measures to achieve these objectives will
focus, inter alia, on the development of an effici-

ent traffic analysis system that also includes instru-
ments for minimizing the impact of road works. Fur-
thermore, preparatory work is to be carried out for
the strategy of providing road furniture that is com-
patible with in-vehicle sensors as a prerequisite of as-
sisted or (semi)-automatic driving, for strategies re-
lating to standardized roads and the improvement of
tunnel safety, and for the development of analyses to
determine vulnerability to impacts caused by climate
change or to any other safety-related impacts.
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B. Intelligent roads

The objective of the “intelligent roads” concept is to
create better conditions for operational and strate-
gic decisions in the fields of traffic management and
structural road maintenance. Road users will benefit
from this in the form of less traffic disruption, better
information and smoother journeys.

Supported by a multiplicity of information and com-
munications systems, data relating to the roads will
be collected and analyzed in a targeted manner. This
will enable road operators to make their operations
more efficient, thereby cutting costs, minimizing
operational risks and enhancing road safety and thus
efficiency across the entire road network.

Developments in construction materials and process
engineering will generate “intelligent” materials and
designs that are able to measure and analyze infor-
mation such as stress and impact. In a closed micro-
circuit, they can react independently. Thus, one pos-
sible approach is the development of “self-healing”
materials in the context of innovative road designs
with integrated sensors, characterized by especially
fast and simple handling.

Roads in the 21% Century

In additional, the potential inherent in intelligent
systems already in operation today has to be har-
nessed. The requirements of the various spheres (con-
struction, traffic management and structural mainte-
nance management) regarding intelligent roads have
to be merged in order to exhaust existing synergies.

21%tcentury roads will consist of intelligent materi-
als and designs, they will use intelligent construction
methods and deploy innovative information systems.
The material, design and information/communica-
tions subsystems will be integrated to form an over-
all system.

Short-term measures to achieve these objectives will
focus primarily on specifying the sensor technology
required for the continuous monitoring of the condi-
tion of roads and structures, the traffic environment
and road safety. In additional, possible ways of deplo-
ying intelligent materials and easy-to-repair road de-
signs are to be explored. The findings are to be veri-
fied in demonstrators in laboratories and at test sites.
Furthermore, the first decisive steps towards the de-
velopment of an ITS framework architecture for the
roads will be taken.



'$9U21911$ [BL1} I9UINJ UO paIpnis Sureq
aIe sSUIPUL] MAU pUE SUOIISIND patamsueu() «
10M]9U PROI YUNI) [I9P3] 3 JO
$9INJONI)S PUB SPBOI JO 90UBUIUTRW [BINJONIIS
pue uononsuod ‘Suruued ay) SuruIaA0S
s3ssa001d pue suone[n8a1 sy} ul pajerodiodut
A1919]dwI0d U99q aARY SSUIPUL] MAU Y],
{I0M)9U PBOI YUNI) [BI9Pa]
9} JO SUOTIDS ISI.] UO J[GR[IBAE SI ‘UIIISAS
[[BI2A0 SAISN[OUL U S ‘ SPBOI JUISI[[9IU],,
‘paIsSnNeyXad
AJ[nJ U29q 9ABY SWISAS UOTJRULIOJUI PUE
8u1p1031 SNOLIBA 9} U99M}3( SIISIQUAS Y],
‘paSIaw pue pajf[eLs
Ud3q dARY SPBOI JUISI[[IUL JO SWISAS-QNS B[], «

$9A1193[q0

0€0¢

"PaqIIdSaP pUE PAlJIIUIPI U]
9ABY $)20[q SUIp[INg [[e Usam)aq SIISIFUAS 3],
‘paijeIp 1o pardepe Suraq a1e suoneN8ay
‘payouNe] Ua3q SeY SPeOI UO SIOSUIS

jo uorsiaoid wnwndo 3y} Uo [l p[oYy v
‘payoune|

u99q sey 309(o1d jo11d , 98p1Iq JuaSI[[PIUL, 3],
"u8IS9p ‘TeLI9IeU ‘SIOSUDS — $0[q SuIping

[Te 103 sayo3a13s [er} Surddinba uo s3Iels 1o\
‘3[qB[TBAE dIE SUID)SAS JUSUISSISSE pUE

sisATeue 9AT309dsaI a3 Y31M S30BJIDIUI BIR(T
‘Teuoneiado

91e SUSISIp pue s[erayew mau snid

saInpadoid sisATeue pue sI10Suas JUISI[[2IU]

T QUOISIANIN

0¢0¢

SPEOI 9} 10J 2INJIAIYDIE
JNIomaurely S ue jo yuswdoPasq

'sj[nsal

SuLIaAI[op Apealife a1e s211s Surlsa) [[ews

e pUE SILI0JBIOR] Ul SI0JEISUOWIP ISITJ A,
‘pa10[dXa Ua3q aAeY $3sIN0d Jurream iredax
-0)-Ased pue (A3o[ouydajoueu 3-9) s[eLjew
Juasifeut Sutkojdap jo shAem a[qissoq
"SUIAISAS-qNS Pajda[as 10J PIYsI[qeIsd

u23q sey ASo[out]da) UOI}eULIOJUI pUB
JUSUWISINSEIWI SAT}EAOUUT JO 10}BIISUOWAP Y
‘pa1j10ads uaaq aAeY ‘s1030€ PIJe[al ) pue
‘A39JeS PUE JUSWIUOIIAUD D1JJeI} 9} ‘S9INIONIIS
PUE SpeOI 93} JO UOT}IPUOD Y} Jo Surioyiuow
SNONUIIUOD 3} 10J SIOSUIS ATBSSIIIU Y,

T QUOISIANIN

¥10¢

Jno-J[o1
‘uonyejuawdur]

v

[9AS] WRISAS 1e
suonyedrjdde jo1id

uore13aIul WalsAs
‘suoryedrjdde jorid

sardojouydal
‘Spoy3all ‘sa13931e11S

1102

Roads in the 21* Century



C. Energy-efficient roads

One of the main features of all aspects of 21 century
roads will be energy conservation. The roads are to be
optimized in all spheres (design, construction, opera-
tion) in terms of energy consumption and, in places,
facilitate energy generation from renewable sources.
This energy can be used for electric systems along the
roads, for instance in tunnels, or at “filling stations of
the future” - electric vehicle charging points to be in-
stalled on federal trunk roads in the future.

The extent to which photovoltaic systems and wind
turbines on roads can supply some of the energy re-
quired for operation of the road is to be studied. This
is to be viewed in terms of balanced energy perfor-
mance and not in terms of immediately and direct-
ly using the electricity generated in the road environ-
ment.

One obvious place for the production of solar power
is the roadside area, which could be made available by
the owner (authority responsible for road construc-
tion and maintenance). A research project is currently
being conducted to identify potential space.

In addition, the combination of noise abatement
structures and solar panels promises to produce syn-
ergies. An innovative pilot project is currently being
prepared which will involve the deployment of pho-
tovoltaic elements that also directly perform a noise
mitigation function.

Roads in the 21% Century

Geothermal power and wind energy can also be used
in the road environment.

New construction materials and types of construc-
tion will focus on energy consumption that is as low
as possible. The large-scale deployment of LED tech-
nology at rest areas or in tunnels will permanently
reduce the energy requirements of lighting and adap-
tive traffic control systems in the places where they
are needed.

As a short-term measure, the future use of piezoelec-
tric generators to supply energy to traffic signals and
lighting installations is to be studied. A further study

is to be carried out to determine the extent to which

the use of geothermal power, for instance on bridges,
can temper carriageways, thereby enhancing road sa-
fety.

In keeping with a sustainable and life cycle approach,
the design, construction and maintenance of 215 cen-
tury roads will be geared to low energy consumpti-
on. Types of construction and construction materials
will be optimized to reduce their carbon footprint as
much as possible. In addition, CO, emissions will also
be taken into account and minimized during the ma-
nufacture and disposal of construction materials.

This thematic focus area is closely linked to the area
in Section F (sustainable roads).
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D.Low-emission roads

Today, the compatibility of roads and traffic with the
requirements of pollution control is a major compo-
nent determining people‘s acceptance of motorized
road transport. The objective of 21 roads is to also
bring this compatibility into line with the increasin-
gly stringent requirements of pollution control. To
achieve this, it is necessary to reduce emissions from
transport on federal trunk roads, to lower the traffic-
related pollution nuisance to people and nature, and
to comply with the medically, biologically, ecologi-
cally and economically justified requirements of pol-
lution control.

It is the objective of 215 century roads to significantly
reduce actual traffic noise at source by means of new
and optimized pavement designs. In addition, appro-
priate pollutant degradation and retention techno-
logies are to be integrated into the standard types of
construction to minimize emissions from transport.
Effective measures for air pollution control on roads
are to be identified and implemented nationwide and
as demand requires. A system of classification

10 Roads in the 21% Century

comprising all target values for wearing courses and
structures is to make it possible to select designs that
are optimized to meet the requirements of the situa-
tion.

Over the short term, the measures to achieve these
objectives will focus on strategies for the minimizati-
on and for the integrated degradation and retention
of emissions on roads. To this end, quiet carriageway
surfaces will be developed and trialled on the basis
of innovative methods for the calculation of acoustic
indicators. In addition, procedures for photocatalytic
pollutant degradation and other types of construc-
tion for integrated pollutant retention and degrada-
tion will be trialled and evaluated. This will compri-
se both types of construction with technologically
necessary measures for the deployment of substitute
construction materials and structures to retain pollu-
tants from the road effluent.

This thematic focus area is closely linked to the area
in Section F (sustainable roads).
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E. Roads as part of people‘s living

environment

Roads are an integral part of our living environment.
They are designed to connect people with one ano-
ther and allow the operation of motorized transport,
thereby enabling individuals to enjoy social inclusi-
on. At the same time, the pollution associated with
road traffic in people‘s living environments is to be
kept as low as possible. Against this background, 21
century roads will undergo a process of permanent
optimization, including measures to integrate them
into the landscape. In addition, roads are an integ-

ral component of Baukultur. As such, they shape the
ambience of city centres and the landscape of regions
outside built-up areas. It is imperative that the signi-
ficance of roads as part of the built environment heri-
tage be preserved. The public will be actively involved
in this wherever possible.

Roads shape spaces. They are more than just a me-
ans to an end, i.e. for getting from A to B. Roads and
roadside spaces are crucial in determining the ame-
nity value of settlement areas. Here, they are also ve-
nues for social discourse and places for experiencing
urban life. For children, they are often places to play
and have adventures. Distinctive features of the roads
of the future will be that they are organically integra-
ted into the landscape, that optimum use is made of
their different traffic spaces and that there is a wide

12 Roads in the 21% Century

spectrum of road use types. Here, it is imperative that
vulnerable road users, such as pedestrians and cyc-
lists, be protected, and it is just as essential that peo-
ple with reduced mobility be able to participate ac-
tively in an accessible street environment.

Roads are the lifeblood of an interlinked, intermodal
transport system in which each mode - road, rail and
waterway - acts in a coordinated manner and in kee-
ping with its specific capabilities.

Short-term measures on the path towards 215 cen-
tury roads as part of people’s living environment will
focus on an analysis of the impacts of the construc-
tion, design and operation of roads on nature and the
landscape and on the effectiveness of avoidance and
compensation measures. In addition, the trialling of
innovative infrastructure solutions for the protection
of vulnerable road users, in particular, and for the in-
tegration of mobility-impaired road users will be of
particular importance. The effectiveness of measures
to improve the amenity value and to mitigate sever-
ance effects is to be analyzed in order to take account,
in a targeted and systematic manner and while trans-
port infrastructure is still at the planning stage, of the
impacts of roads on the quality of human life and on
nature and the environment.
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F. Sustainable roads

It will not be possible to safeguard our society’s mo-
bility in the long term unless economic, ecological
and social aspects are taken into account in the life
cycle of transport infrastructure. Sustainability, va-
lue for money and energy efficiency are already ma-
jor building policy and social objectives of the Fede-
ral Government. The road infrastructure is affected
by the requirement for environmentally acceptable
and economical construction and operation and for
a guarantee of a high level of functional quality. The
quality and value of the road infrastructure are incre-
asingly being measured against whole life costs, low
user and environmental costs and the health impact
of construction materials.

21% century roads will seek a balance between eco-
nomic, ecological and social aspects. The elements of
the road infrastructure will be considered holistically
over their entire life. This includes the consideration
of sustainability aspects during the planning and ten-
dering of construction projects, the careful selection
of the construction materials and methods used, the
sustainable administration of the infrastructure as
part of a comprehensive infrastructure management
system and, finally, efficient strategies for demolition.

14 Roads in the 21% Century

Short-term measures for achieving these objectives
will focus on, inter alia, strategies for the environ-
mentally friendly recycling of hitherto unused ma-
terials, in keeping with the concept of life-cycle ma-
nagement, and the creation of alternative solutions
for fossil resources. The main focus will be on studies
to determine the suitability and use of recycled con-
struction materials, such as recycled asphalt pave-
ment (RAP) and other materials reclaimed from road
construction works. Many valuable resources can be
conserved and far fewer landfill sites will be requi-
red. The processing and reuse of these secondary ma-
terials will frequently be less expensive than their fi-
nal disposal. This also entails the consideration of life
cycle aspects in the planning, tendering, delivery and
operation of road infrastructure. This will include the
provision of procedures for sustainability assessment,
the identification of requirements to be met by cons-
truction materials, structures and their delivery, and
the development of a holistic, life cycle approach to
infrastructure management. This thematic focus area
is closely linked to the areas in Sections C (energy-ef-
ficient roads) and D (low-emission roads).
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G.Roads as innovators

For years now, a huge innovation thrust has been
emerging in the automotive industry. 21 century
roads are to provide an appropriate infrastructure for
such innovative vehicles. To this end, the framework
must be such that technologically and economically
viable innovations can be translated into practice as
quickly as possible. 21 century roads are to be estab-
lished not only as transport infrastructure but also as
innovators and become an integral part of a positive
national and European climate of innovation.

To this end, the market-based framework is to be in-
creasingly focused on innovative construction mate-
rials and methods that are less expensive over their
entire life cycle. This will involve establishing scienti-
fically sound testing procedures and assessment me-
thods that can be used to immediately and compre-
hensively appraise innovations with regard to their

16 Roads in the 21% Century

use in practice. The first step is to be the establish-
ment of a test track on which innovations from this
programme will be trialled in a targeted manner. It is
imperative - not least for reasons of cost - that simu-
lation procedures be integrated into the assessment
methods. In addition, open interfaces are to be deve-
loped on the basis of which the innovation cycles of
vehicles and infrastructure can be dovetailed.

Short-term measures for achieving these objectives
will focus on the establishment of an appropriate tes-
ting infrastructure, the evolution of familiar metho-
dologies of functional and economic indicators for
new construction materials, the development of si-
mulation procedures in selected areas and the deve-
lopment of a framework architecture for open vehic-
le-infrastructure interfaces.
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Conclusion

There is no doubt that the roads will continue to be

a foundation of the economy and society in the fu-
ture. If the overall road system is to have a promi-
sing future, roads of the future will have to address
new challenges in addition to the ones they currently
face. It is imperative that we set the stage for this to-
day. There will be no stopping demographic change,
climate change, technological change, globalization
and sustainability in a post-fossil society. The “Roads
in the 215t Century - Innovative Road Construction
in Germany” research programme is designed to suc-
cessfully meet the challenges that lie ahead.

Roads in the 21% Century



The present research programme was launched by the Federal Ministry of Transport, Building and Urban
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