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Abbreviations
Abbreviation German Term English Term

AbfRRL EU-Abfallrahmenrichtlinie EU Waste Framework Directive

AP Acidification Potential (Versauerungs- 
potenzial) Acidification Potential

ASFINAG Autobahnen- und Schnellstraßen- 
Finanzierungs-Aktiengesellschaft

Austrian motorway and expressway 
financing company

ASV Automated Service Vehicle Automated Service Vehicle

BBodSchV Bundes-Bodenschutz- und 
Altlastenverordnung

Federal Soil Protection and Contaminated 
Sites Ordinance

BIM Building Information Modelling Building Information Modelling

BMDV Bundesministerium für Digitales und Verkehr Federal Ministry of Digital and Transport

BREEAM Building Research Establishment 
Environmental Assessment Method

Building Research Establishment 
Environmental Assessment Method

BVWP Bundesverkehrswegeplan Federal Transport Infrastructure Plan

CBD Convention on Biological Diversity Convention on Biological Diversity

CCS Carbon Capture and Storage Carbon Capture and Storage

CCU Carbon Capture and Utilisation Carbon Capture and Utilisation

CEN European Committee for Standardization European Committee for Standardization

CSA Calcium-Sulfo-Aluminat Calcium Sulfoaluminate

CO2 Kohlenstoffdioxid Carbon Dioxide

CO2-eq. CO2-Äquivalente CO2 Equivalents (CO2e)

CO2-eq/cap CO2-Äquivalente pro Kopf CO2 Equivalents per capita

DAUB Deutscher Ausschuss für unterirdisches 
Bauen German Tunnelling Committee

DepV Deponieverordnung Landfill Ordinance

DGNB Deutsche Gesellschaft für Nachhaltiges 
Bauen German Sustainable Building Council

DIN Deutsches Institut für Normung e. V. German Institute for Standardization

EBV Ersatzbaustoffverordnung Substitute Building Materials Ordinance

EPD Environmental Product Declaration 
(Umweltproduktdeklaration) Environmental Product Declaration

GWP Global Warming Potential 
(Treibhausgaspotenzial) Global Warming Potential

HOAI Verordnung über die Honorare für 
Architekten- und Ingenieurleistungen

Fee Structure for Architects and 
Engineers

IBU Institut Bauen und Umwelt e. V. Institute for Construction and 
Environment

ITC Integrated Tunnel Carrier Integrated Tunnel Carrier

KrWG Kreislaufwirtschaftsgesetz Circular Economy Act
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Abbreviation German Term English Term

KSG Klimaschutzgesetz Climate Change Act

LAGA Länderarbeitsgemeinschaft Abfall Federal State Working Group on Waste

LCA Life Cycle Assessment (Ökobilanz) Life Cycle Assessment

LCC Life Cycle Costs (Lebenszykluskosten) Life Cycle Costs

LCI Life Cycle Inventory Analysis (Sachbilanz) Life Cycle Inventory Analysis

LCIA Life Cycle Impact Assessment (Wirkungsab-
schätzung) Life Cycle Impact Assessment

MADM Multi attribute decision making (Multiattribu-
tive Entscheidungsfindung) Multi-Attribute Decision Making

MCDM Multi criterial decision making (Multikriteri-
elle Entscheidungsfindung) Multi-Criteria Decision Making

MODM Multi objective decision making  
(Mehrstufige Entscheidungsfindung) Multi-Objective Decision Making

MSV Multi Service Vehicle Multi-Service Vehicle

NISTRA Nachhaltigkeits-Indikatoren für Straßeninfra-
strukturprojekte

Sustainability Indicators for Road Infra-
structure Projects

NKA Nutzen-Kosten-Analyse Cost-Benefit Analysis (CBA)

NKI Nutzen-Kosten-Indikator Benefit-Cost Indicator (BCI)

NWA Nutzwertanalyse Utility Analysis (UA)

ODP Ozone Depletion Potential (Ozonschichtab-
baupotenzial) Ozone Depletion Potential

PCR Product Category Rules (Produktkate-
gorie-Regeln) Product Category Rules

PENRT Primary energy non-renewable, total use 
(nicht erneuerbarer Primärenergiebedarf)

Primary Energy Non-Renewable, Total 
Use

PERT Primary energy renewable, total use (erneu-
erbarer Primärenergiebedarf) Primary Energy Renewable, Total Use

PP Polypropylen Polypropylene

SDG Sustainable Development Goal  
(Nachhaltigkeitsziel) Sustainable Development Goal

SNBS Standard Nachhaltiges Bauen Schweiz Swiss Sustainable Building Standard

TAS Tunnelaufweitungssystem Tunnel Widening System

THG Treibhausgas Greenhouse Gas (GHG)

TiT Tunnel-in-Tunnel Methode Tunnel-in-Tunnel Method
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Glossary
Term Definition

Agenda 21 The action programme of the United Nations, adopted in 1992 by 178 states at 
the UN Conference on Environment and Development (UNCED) in Rio de Janeiro. 
“Agenda 21” sets guidelines for sustainable development in the 21st century.

Agenda 2030 The “2030 Agenda for Sustainable Development” is the first international agree-
ment that links the principle of sustainability with poverty reduction and econom-
ic, ecological, and social development. It was adopted on September 25, 2015, at 
the UN General Assembly in New York. It contains 17 Sustainable Development 
Goals (SDGs).

CCS Carbon Capture and Storage, the separation and permanent (underground) stor-
age of carbon dioxide (CO2) from power plant flue gases and industrial processes.

CCU Carbon Capture and Utilisation, the capture of carbon dioxide (CO2), especially 
from combustion flue gases, and its subsequent use in chemical processes.

CO2-eq. CO2 equivalents (CO2-eq., English CO2e) are a unit of measurement used to 
standardise the climate impact of different greenhouse gases (e.g., methane has a 
28-fold greater climate impact than CO2, while nitrous oxide exceeds that of CO2 
by almost 300 times).

EU Green Deal The European Green Deal is a concept presented by the European Commission 
on December 11, 2019, with the goal of reducing net greenhouse gas emissions 
in the European Union to zero by 2050, thus becoming the first “climate-neutral 
continent”.

EU Green Deal 
Industrial Plan

The EU Industrial Plan is part of the EU Green Deal and aims to strengthen the 
competitiveness of Europe’s carbon-neutral industry and support the rapid transi-
tion to climate neutrality. The Industrial Plan is intended to create a more favour-
able environment for expanding the EU’s production capacity for carbon-neutral 
technologies and products needed to achieve Europe’s climate goals.

EU Taxonomy 
Regulation

The European Taxonomy Regulation (TR, Regulation (EU) 2020/852) establishes 
a unified system of criteria to determine whether an economic activity can be 
classified as environmentally sustainable.

Federal Climate 
Change Act (KSG)

A German federal law intended to ensure the fulfilment of national climate pro-
tection targets and compliance with European targets. The Climate Change Act 
legally enshrined the climate protection and sector targets set out in the Climate 
Action Plan 2050 for the first time. Accordingly, greenhouse gas emissions are to 
be reduced by at least 65% by 2030 compared to 1990 levels, and by at least 88% 
by 2040. Net greenhouse gas neutrality is to be achieved by 2045. 
This is based on the commitment under the 2015 Paris Agreement to limit the 
increase in the global average temperature to well below 2°C and, if possible, to 
1.5°C above pre-industrial levels in order to minimise the effects of global climate 
change.

German Sustainability 
Strategy

In Germany, a first national sustainability strategy was developed in 2002. Since 
2004, it has been updated every four years. Based on the “2030 Agenda” adopted 
by 193 UN member states in September 2015, a fundamental revision was carried 
out in 2016, and the name was changed to “German Sustainability Strategy”. The 
German Sustainability Strategy incorporates the goals of the UN “2030 Agenda” 
(SDGs) into a national strategy. With the 2021 update, the goals of the EU Green 
Deal were also included.
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Term Definition

Greenhouse Gas  
Balancing

Greenhouse gas balancing covers the amount of greenhouse gas emissions gen-
erated by a company, product, or service

Greenhouse Gases 
(GHG)

Greenhouse gases are those gases in the Earth’s atmosphere that cause the so-
called greenhouse effect. Greenhouse gases can be of natural or anthropogenic 
(man-made) origin. Greenhouse gases include carbon dioxide (CO2), methane 
(CH4), nitrous oxide (N2O), fluorinated greenhouse gases (F-gases), hydrofluoro-
carbons (HFCs), perfluorocarbons (PFCs), sulphur hexafluoride (SF6), and nitrogen 
trifluoride (NF3).

GWP The Global Warming Potential is a measure of the relative contribution to the 
greenhouse effect, i.e., the average warming effect on the Earth’s atmosphere 
over a specific period (usually 100 years: GWP100). It indicates how much a cer-
tain mass of a greenhouse gas contributes to global warming compared to the 
same mass of CO2. The GWP is a dimensionless value with the symbol CO2e or 
CO2-eq.

Pocket Parks A pocket park is a small, landscaped open space in an urban context that was 
previously unnoticed or lay fallow as a “dead” corner (Wikipedia).

Sponge City Sponge City is a new urban planning concept to absorb and store as much rain-
water and surface water as possible locally.

Valuable water should no longer be quickly drained away and disappear into 
the sewer system. This is intended, for example, to prevent or reduce flooding 
during heavy rainfall events, improve the urban climate, and promote the health 
of urban trees and the resilience of entire urban ecosystems, which is becoming 
increasingly important in the context of global warming and the biodiversity crisis. 
In addition, urban plants contribute to improving “green infrastructure”, urban 
hygiene, and the microclimate.

Tiny Forest A tiny forest (also micro-forest/nano-forest) is a forest planted on a relatively 
small area with a high density of trees. The aim of such new plantings is to create 
diverse, fast-growing, and self-sustaining habitats on small areas in urban spaces, 
thereby improving the environmental situation (Wikipedia).
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Preamble
The preservation of the natural foundations of life for current and future generations has long been a concern 
for society and politics. At the same time, there is a continuing demand for housing, work, education, mobil-
ity, supply/disposal, and the exchange of services and goods. These needs are to be met in the future while 
considering sustainability goals . To this end, the infrastructure in Germany must be significantly upgraded 
and, where necessary, expanded. Underground construction makes a significant contribution to this. 

These recommendations show facts and figures on the topic of sustainability in underground construction in 
order to clearly identify the need for action in this area, so that the goals set by the political framework can 
be achieved. This is intended to create the basis for objective discussions and specifically defined measures. 
Catalogues of measures illustrate how the formulated goals can be implemented. 

Underground structures often compete with alternative solutions above ground. The best option, consider-
ing the requirements of sustainability, can only be found if the assessment systems used depict all aspects of 
sustainability correctly and comprehensibly. These recommendations also present approaches to solutions 
for this.

The already noticeable consequences of climate change require consideration in the planning and execution 
of structures that are to be used and operated safely. Resource conservation and achieving climate neutrality 
are closely linked. Both goals require the awareness and cooperation of all parties involved from industry, 
politics, execution, and planning.

The DAUB recommendations “Sustainability in Underground Construction” consist of the following two parts:

�� Part 1: Framework Conditions, Challenges, and Solutions

�� Part 2: Greenhouse Gas Balancing for the Manufacturing and Construction Phase

It is assumed that these recommendations will be successively adapted to evolving requirements in the com-
ing years and supplemented with further sections.

This document, as Part 1 of the recommendations “Sustainability in Underground Construction”, deals with 
the general political framework conditions and outlines the status quo and current challenges. Furthermore, 
it explains the contributions that underground structures can make to sustainability. Ecological, social, and 
economic aspects are addressed. Solutions are shown on how underground construction can become even 
more sustainable, in particular by addressing the topics of sustainable planning, circular economy, new mate-
rials and improved construction methods, biodiversity, and the conversion of underground structures. The 
theoretical approaches to project assessment are explained, and possible assessment methods for use in 
underground infrastructure projects are presented and evaluated

Part 2 of the recommendations “Sustainability in Underground Construction” [1] provides information and 
guidance on conducting greenhouse gas balancing in underground construction. This is intended to enable 
clients and planners to perform uniform calculations. Two concrete examples for the greenhouse gas balanc-
ing of underground structures are presented. These examples are intended to illustrate how to proceed with 
greenhouse gas balancing for underground structures. 

On the topic of sustainability in underground construction, reference is also made to the existing DAUB rec-
ommendations “Life Cycle Costs” [2] and “Recycling of Tunnel Excavation Material”[3].
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1	 Political Framework Conditions

1.1	 UN Sustainability Goals
With the UN Conference on Environment and Devel-
opment in Rio de Janeiro in 1992, the first corner-
stones were laid for an internationally coordinated 
approach to dealing with the demands for the sus-
tainable development of Planet Earth and humanity 
in the form of Agenda 21. The equal importance of 
ecology, economy, and social issues was established 
as a fundamental prerequisite for sustainable devel-
opment (Figure 1-1). Two legally binding framework 
agreements on climate change and on biological di-
versity were also adopted.

In the meantime, the agreements have been fur-
ther developed and provided with concrete targets. 
The 2015 Paris Climate Agreement, for example, stip-
ulated that greenhouse gas emissions should be re-
duced to such an extent that global warming is limit-
ed to 1.5 °C compared to the pre-industrial era. 

With the Agenda 2030, unanimously adopted by 
the UN General Assembly (also from 2015), 17 spe-
cific Sustainable Development Goals (SDGs) were 
formulated (Figure 1-2). These are aimed at govern-
ments worldwide, but also at civil society, the private 
sector, and science.

The construction industry, and thus also under-
ground construction, can have an impact on the 17 
SDGs. In relation to underground construction, the 
leverage for achieving the goals is probably greatest 
for the following sustainability goals:

6    Clean Water and Sanitation
7    Affordable and Clean Energy 
8    Decent Work and Economic Growth 
9    Industry, Innovation and Infrastructure 
11  Sustainable Cities and Communities 
12  Responsible Consumption and Production 
13  Climate Action 
14  Life Below Water 
15  Life on Land 

Ecology

Economy Social
sustainable

Figure 1‑1  Equal importance of ecology, economy,  
and social issues, based on Agenda 21

Figure 1‑2  The 17 UN Sustainable Development Goals [8]
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1.2	 EU Regulations

Based on the overarching international framework, 
the EU has set itself the goal of becoming the first 
climate-neutral continent. According to the goals of 
the EU Green Deal published in 2019, no net green-
house gas emissions should be released from 2050 
onwards, and economic growth should be decoupled 
from resource use. 

The EU intends to promote the necessary transfor-
mation in the economy and society with the Industrial 
Plan published in 2023 and to facilitate it through ap-
propriate legal and improved framework conditions.

The EU Taxonomy is a measure laid down in the EU 
Action Plan “Sustainable Finance,” which was codified 
in the Taxonomy Regulation in 2020. The aim of the 
action plan is to channel capital flows into environ-
mentally sustainable activities. According to the Tax-
onomy Regulation, economic activities are considered 
sustainable if the following six environmental objec-
tives are met:

1)	 Climate change mitigation 

2)	 Climate change adaptation 

3)	 The sustainable use of water and/or marine  
resources 

4)	 The transition to a circular economy 

5)	 Pollution prevention or control 

6)	 The protection and restoration of biodiversity and 
ecosystems 

Since the end of 2021, larger companies have been 
required to publish an annual sustainability report on 
their business activities, showing the degree of imple-
mentation of the environmental goals.

1.3	 Implementation in Germany
Germany supports the UN and EU targets and even 
aims to achieve climate neutrality by 2045. Since 2016, 
the German Sustainability Strategy has been aligned 
with the SDGs. This was updated again in 2021 [11]. 
It defines the following six transformation areas for 
Germany:
�� Human well-being and capabilities, social justice 

�� Energy transition and climate protection 

�� Circular economy 

�� Sustainable building and transport transition 

�� Sustainable agricultural and food systems 

�� Pollutant-free environment 

These are implemented through corresponding le-
gal requirements. For example, the Federal Climate 
Change Act (KSG) standardises climate policy targets 
and includes, among other things, the requirement 
that public authorities must ensure that their planning 
and decisions are in line with the purpose of the KSG 
and comply with European targets.

2	 Status Quo and Current Challenges

2.1	 General Situation
Regardless of the demands for a socially and econo-
mically sustainable development of our society, there 
are still needs for housing, work, mobility, supply, di-
sposal, exchange of services and goods, etc. In future, 
these needs are to be met also taking into account 
the ecological sustainability goals. 

Underground construction, particularly in the field 
of infrastructure, makes a significant contribution to 
social well-being and sustainable development. In the 
future, it will be necessary to implement the ecolog-
ical sustainability goals in infrastructure construction 
as well, especially with regard to climate protection, 
the protection of natural resources (circular economy), 
and the preservation and promotion of biodiversity, 
in a socially just and economically viable manner. 

Before the following sections outline possibilities 
for more sustainable underground construction, a de-
scription of the current initial state is given prior to the 
actual recommendation for underground structures.

2.2	 Atmosphere and Climate Protection
In 2022, 53,800 million tons of CO2-equivalent green-
house gases were emitted worldwide (Figure 2-1).
Germany‘s share of global greenhouse gas emissions 
in 2021 was 760 million tons of CO2-equivalent, which 
corresponds to 1.4 %. 

Around 46 % of greenhouse gas emissions remain 
in the atmosphere. The rest is absorbed by ecosys-
tems on land or by the oceans. [4] Regarding the at-
mospheric share, scientific findings indicate that the 

Embedded in the political framework conditions, 
underground construction must and will also make 
its corresponding contribution to meeting the sus-
tainability goals. 

These DAUB recommendations highlight ways 
in which this contribution can be achieved in Ger-
many.
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steadily increasing proportion of greenhouse gases in 
the atmosphere correlates directly with the measura-
ble temperature increase [14]. 

To stop this development, the EU has decided to 
become climate neutral by 2050, i.e., to only emit as 
many greenhouse gases as can be offset by changes 
in land use and other (technical) measures (see Chap-
ter 1.2). 

Embedded in the EU objectives, Germany has de-
cided with its Climate Change Act to become climate 
neutral by 2045 (Figure 2-2).
To date, only a few or no reliable figures have been 

published on the relevance of underground construc-
tion works to total greenhouse gas emissions. The 
following is an attempt to classify the relevance of 

underground structures transparently and neutrally 
based on available figures.

Emissions relevant to the construction of buildings 
are not assigned to the “buildings“ sector in accord-
ance with the KSG, but to the industry“ sector. The 
latter includes the combustion of fuels in the manu-
facturing and construction industries, industrial pro-
cesses and product use, as well as CO2 transport and 
storage. The “buildings“ sector, on the other hand, 
only includes emissions from the combustion of fuels 
to generate heat for the operation of buildings [16].

In 2014, according to a publication by the Fed-
eral Institute for Research on Building, Urban Affairs 
and Spatial Development, direct emissions from the 
construction industry (from construction processes) 

 
 

Figure 2-1 
Development 
of global CO2 
emissions [12]

Annual Greenhouse Gas Emissions in Million Tons of CO  eq.

CLIMATE CHANGE ACT EMISSION TARGETS

Electricity      Industry      Buildings      Transportation      Agriculture      Waste Management & Others      Land Use      Total (Excluding Land Use) 

HISTORICAL EMISSIONS
2 Figure 2-2 

Emission targets 
for greenhouse 
gas reduction 
according to the 
German Climate 
Change Act [15]
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and direct and upstream emissions of its suppliers 
(building materials industry and others) in Germany 
amounted to approx. 65 million tons of CO2-equiv-
alent. Material supplies from abroad accounted for a 
further 35 million tons of CO2-equivalent [17].

Based on the 2014 emission [18] values of approx. 
891 million tons of CO2-equivalent, the share attrib-
utable to the construction or modernisation of build-
ings in the reference year was approx. 11 %. Assuming 
unchanged conditions, the total German emissions of 
760 million tons of CO2-equivalent in 2021, the year 
under review, result in emissions of 84 million tons of 
CO2-equivalent for the German construction industry 
(see Figure 2-3). 

A further breakdown by individual disciplines is 
not yet available. The following section therefore at-
tempts to estimate the relevance to total GHG emis-
sions based on the turnover figures for underground 
construction.
According to the Federal Statistical Office, the total 

turnover in the main construction trade in 2021 was 
approx. €147.6 billion [19] [20]. The bridge and tunnel 
construction sector generated a turnover of around 
€2.2 billion, which corresponds to a share of 1.5 % 
[20]. Assuming that the two sectors have roughly the 
same turnover volume, underground construction ac-
counts for approx. 0.75 % of the total turnover in the 
main construction industry. 

Due to the more complex construction method 
compared to structures above ground, a share of 
1.0 % of underground structures in the GHG emissions 
of the construction industry is assumed here. 

Based on this parameter and assuming uni-
form CO2 emissions across all sectors, underground 
construction would contribute approx. 0.8 million 
CO2-equivalents, or approx. 0.1 % to total emissions 
(Figure 2-3).

The following comparative analysis serves to verify 
the derivation of the share of total emissions attribut-
able to underground construction: 

Various greenhouse gas assessments of German tun-
nel structures show average greenhouse gas emissi-
ons of around 10,000 t to 30,000 t per kilometre of 
tunnel constructed, depending on the size and type 
of tunnel (Figure 2-4). 

According to STUVA tunnel construction statistics 
[21], an average of around 23 km of tunnel tubes per 
year have been built over the last 20 years (2003 to 
2023). Based on a conservative estimate of emissions 
of 30,000 t CO2-eq./km of tunnel tube, this analysis 
results in annual GHG emissions for the construction 
of German tunnels of 690,000 t CO2-eq., which is rela-
tively consistent in magnitude with the previously de-
rived figure of 800,000 t CO2-eq. per year.

Based on the previous determination of the pa-
rameters, it is clear that the influence of underground 
construction on the total GHG balance is very limited 
(Figure 2-3). 

Regardless of this, underground construction must 
and will take up the challenge of reduction and elim-
inate its share of greenhouse gases as far as possible 
in accordance with the national climate targets.

 It should be noted that the main driver of GHG 
emissions in underground construction is the ce-
ment contained in concrete (see Part 2, Chapter 5). 
In addition, there are emissions from other materials  
(e.g. steel, explosives). Another portion of CO2 emis-
sions results from the excavation of the tunnel pro-
file, depending in particular on the  tunnelling meth-
od and the energy sources used for this purpose, as 
well as the necessary transport distances and means 
of transport for the use or disposal of the excavated 
material.

Currently, both the building materials and con-
struction equipment industries are making consider-
able efforts to meet the climate targets. For example, 
the German cement industry has developed a scenar-
io for becoming climate neutral by 2050. 

Since, for chemical reasons, CO2 emissions cannot 
be completely reduced to zero, particularly in the pro-
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duction of cement, the remaining emissions must be 
offset by suitable technical measures. The following 
technologies are available for reuse (carbon capture 
and utilisation CCU) and for storing CO2 (carbon cap-
ture and storage, CCS). The long-standing political 
resistance to the use of these technologies, especial-
ly CCS, now seems to have been overcome [23]. This 
creates the conditions for achieving climate neutrality 
in the construction of underground structures.

It should be noted that during the operational 
phase, underground structures can make a positive 
contribution to reducing greenhouse gas emissions 
in the transport and power generation sectors. 

Many underground structures require hardly 
any energy to operate. Only underground railway 
stations, road tunnels and underground produc-
tion facilities require energy for lighting and ven-
tilation. These facilities are electrically powered, so 
the greenhouse gas balance depends on the type of 
electricity production.

In order to achieve the climate protection goals in the 
construction process of the underground structure, 
climate protection must be taken into account at the 
latest when the contract is awarded. The monetary 
valuation of climate impact costs using a CO2 shadow 
price is an essential, politically motivated control in-
strument available for this purpose. 

The total CO2 emissions of the service offered are 
assessed using a CO2 price that is uniformly defined 
and made transparent by the client. The climate- im-
pact costs determined in this way form a so-called 

“CO2 shadow price”. For the assessment, the bid price 
and the shadow price of the climate impact are added 
together to form the evaluation total. It should be em-
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DAUB Example B (TBM)

HS2 Tunnel Section (UK, TBM)

Katzenberg Tunnel (TBM)
Pfaffensteig Tunnel (Bilger Tunnel) Merano 

Bypass (TBM)

Zuffenhausen Road Tunnel

Boßler Tunnel (Sprayed 
Concrete, fictitious)

Brenner Base Tunnel (fictitious)

DAUB Example A (Sprayed Concrete)

Füssen Border Tunnel (Sprayed Concrete)

Katzenberg Tunnel (Sprayed Concrete, fictitious)
Retrospective Calculation 

Cologne–Frankfurt

Küchen Tunnel (Sprayed Concrete)

Meran Bypass (Sprayed Concrete)

0

5.000

10.000

15.000

20.000

25.000

30.000

0 20 40 60 80 100 120 140

GH
G-

Em
m

iss
io

ns
 [t

 C
O

2-
eq

./k
m

]

Excavated Cross-Section [m²]

single-shell

double-shell

Figure 2-4  CO2 emissions during the construction of various tunnels; Note: The data points for the individual  
projects have not been determined using a uniform method.

Despite accounting for only 0.1 % (as of 2021) 
of Germany’s greenhouse gas emissions, under-
ground construction is also required to achieve cli-
mate neutrality in accordance with the provisions 
of the KSG. 

This requires innovative developments in the 
production of building materials and in constructi-
on processes, as well as a strategy for the use and 
storage of residual greenhouse gas emissions that 
are unavoidable for chemical reasons. 
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phasised that the CO2 shadow price is only fictitiously 
added to the bid price for the purposes of evaluating 
the bid. The bidder with the lowest evaluation total is 
awarded the contract. 

Competition arises from the fact that bidders are 
given the opportunity to reduce the greenhouse po-
tential calculated in the life cycle assessment, for ex-
ample by using CO2-optimised materials, construction 
methods, logistics processes or construction machinery. 
To this end, bidders are given the opportunity to state 
in their bids the greenhouse potential of their services 
that they can influence, deviating from the values in the 
client‘s life cycle assessment in CO2. This enables them 
to reduce the CO2 emissions of their services, lower the 
CO2 shadow price and gain a competitive advantage 
through their contribution to climate protection. Tak-
ing the shadow price of CO2 into account in the tender 
evaluation is permissible under German procurement 
law. As a general rule, the contract must be awarded to 
the most economically advantageous bid. 

However, there is no „correct“ CO2 price; the range 
of models currently used is between €30 [33] and €809 
[34] per ton. If the chosen price is high enough, addi-
tional costs for better achievement of climate targets 
can also be compensated for in the evaluation total. 
These additional costs are then actually incurred when 
the contract is awarded, but from the public sector’s 
point of view they represent a sustainable investment.

 The consideration of a CO2 shadow price for the 
tender evaluation is an internationally established 
control instrument. The shadow price model is stand-
ard in Norway and the Netherlands. In Austria, AS-
FINAG evaluates the life cycle assessment of asphalt 
and steel. The challenge lies in the expert examination 
of the CO2 shadow prices stated in the bid.

2.3	 Natural Resources
While the share of underground construction in Ger-
many‘s overall carbon footprint is small, the issue of 
protecting natural resources and introducing the circu-
lar economy raises other, greater considerations. 

Since all excavated material leaving the construc-
tion site must currently be declared as waste due to le-
gal requirements, the construction industry  plays a key 
role in waste management and, according to evalua-
tions by the Federal Statistical Office , contributed 54 % 
(= 216 million t) to the total tonnage of gross waste (= 
399 million t) in Germany in 2022  (Figure 2-5). 

Thus, in 2020, the share of the category „soil, 
stones and dredged material“, which is produced in 
large quantities in underground construction, was 
about 122 million t. Underground construction ac-
counts for approximately 3 % of this amount. In the 
category „soil, stones and dredged material“, up to 
85 % of the material is already being processed or re-

50,1 46,6 46,4 47,9 48,4 48,5 49,2 50,2 49,8 49,6 51,1 51,6 52,1 51,8 50,3 50,6 51,0

48,2 52,3 42,0 42,9 39,3 27,5 36,9 34,7 30,3 29,3 30,2 31,4 28,1 31,0 28,9 28,2 28,6

47,7 48,1 54,8 58,5 56,4
51,3

53,3 58,4 54,2 57,1 59,5 59,2 55,9 55,8 55,1 50,7 47,3

260,7

184,9 197,7 201,8 200,5
195,0

193,3 199,5 199,3 202,7 209,5 209,0 222,8 220,3 228,1 230,9 229,4

32,0
35,8 38,2

37,1
40,3

43,9 47,0 47,1
50,6 51,0 52,6 53,4 54,9 56,2 57,7

0

50

100

150

200

250

300

350

400

450

2000 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Millions of tons

Waste from waste treatment plants²
Construction and demolition waste (including road construction waste)
Other wastes (esp. from production and trade)
Wastes from extraction and treatment of mineral resources; all waste types of waste chapter 01 EAV³
Municipal waste

401,0 
(350,3)1

402,2 
(351,3)1

Source: Federal Statistical Office, Waste 
Balance Sheet, Wiesbaden, various years

412,2 
(358,9)1406,7

372,9 
(340,9)1

386,9 
(351,1)1

382,8 
(344,6)1

331,9

359,4 
(322,3)1

373,0 
(332,7)1

¹ Net waste generation, excluding waste from waste treatment plants; surveyed as part of waste generation for the first 
time in 2006.

386,7 
(342,8)1

385,7 
(338,7)1

380,6 
(333,6)1

411,5 
(358,9)1

² Excluding wastes from wastewater treatment plants (SAB 1908), wastes from the preparation of water for human 
consumption or industrial process water (SAB 1909), wastes from soil and groundwater remediation (SAB 1913) and secondary 
wastes leaving the disposal process as raw materials/products.
³ Wastes from extraction of mineral resources.

417,2 
(362,3)1

416,5 
(360,3)1

414,0 
(356,3)1

Figure 2-5  Waste generation in Germany 2000 – 2020 [24]
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used today. Nevertheless, from a legal point of view, 
the total amount is considered waste.

Despite the already relatively high recycling rate 
for excavated material today, waste prevention and 
the reintroduction of construction waste into the 
circular economy are important imperatives for the 
entire construction industry and underground con-
struction in particular. DAUB therefore published rec-
ommendations for the recycling of tunnel excavation 
material in 2024 [3]. Appropriate measures are to 
be taken to increase recycling for the production of 
building materials in order to conserve, for example, 
naturally occurring gravel, sand and clay deposits and 
the associated ecosystems. 

2.4	 Biodiversity

The United Nations defines the diversity of all living or-
ganisms, habitats and ecosystems on land, in fresh wa-
ter, in the oceans and in the air as biodiversity (UN1992 

- CBD) [25]. The term biodiversity encompasses:
�� the diversity of different species, including within a 
species (taxonomic diversity) 

�� the genetic diversity within individual species and 
the diversity of all organisms in a habitat (genetic 
diversity) 

�� the diversity of biotopes and ecosystems as well as 
ecosystem functions such as pollination and seed 
dispersal (ecological and functional diversity) 

�� the diversity of animal behaviour (cultural diversity)

In recent years, public awareness has grown that 
all animals and plants play an important role in the 
Earth‘s ecosystem. Without them, humanity could ul-
timately not exist on Earth. Biodiversity provides food, 
active ingredients for medicines, serves as a source 
of recreation and plays an important role in climate 
regulation. Species-rich forests and meadows can ab-
sorb more carbon and thus remove the greenhouse 
gas carbon dioxide from the atmosphere. Different 
species also occupy different niches in the ecosystem. 
If species are missing, ecological cycles are disrupted. 
For example, when insect species become extinct, this 
affects both birds that feed on these insects and the 

pollination of plants and thus human harvests. The 
decline in biodiversity is therefore ultimately also a 
threat to our species.

Currently, biodiversity within and between eco-
systems is declining faster than at any other time in 
human history. This dramatic decline is currently not 
yet considered an important short-term problem in 
many places, but the importance of the problem is 
recognised for its medium-term consequences [26]. 
The decline in biodiversity also affects Germany. 

An indicator of this is that around one third of all ani-
mal and plant species in Germany are considered en-
dangered (Figure 2-6).

The global threats to animal and plant species are 
diverse and mostly man-made. Loss of habitat due 
to ever-expanding agriculture, mining/open-cast 
mining, cities, transport routes or over-exploitation 
of natural resources such as overfishing and poach-
ing, but also global warming, environmental pollution 
and introduced invasive species threaten the original 
biodiversity. The individual mechanisms also rein-
force each other. 

In Germany, wild animal and plant species are 
threatened primarily by the following causes (cf. [28]):
�� Destruction, fragmentation and loss of natural hab-
itats 

�� Over-exploitation 

�� Climate change 

�� Pollution 

�� Displacement of native species by invasive species 

According to the report „Wirtschaften im Einklang mit 
der Natur – Handlungswege zur Sicherung der Biodi-
versität“ (Economis in harmony with nature – courses 
of action to safeguard biodiversity) [29], infrastruc-
ture construction is responsible for approx. 7 % of the 
impact on biodiversity (Figure 2-7), the main causes 
being „destruction, fragmentation and loss of land“.
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15 %
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endangered

extremely rare

pre-endangered list
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insufficient data

Figure 2-6  Endangerment situation of animals, 
plants and fungi in Germany, which were as-
sessed in the Red Lists from 2009 onwards [27]

According to current legal requirements, tunnel 
excavation material – unless it is recycled on the 
construction site – is considered waste. 

With its recommendations on the recycling of 
tunnel excavation material (2024), the DAUB pre-
sents solutions for increasing the recycling rate of 
tunnel excavation material and thus promoting the 
circular economy. 
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Although land loss is declining in Germany, it still 
amounted to 55 hectares per day in 2021, which cor-
responds to the consumption of approx. 78 football 
pitches per day (Figure 2-8). The loss of this land is 
accompanied by the displacement of the flora and 
fauna in these areas, i.e.   negatively affecting biodi-
versity. Transport infrastructure currently accounts for 
the smallest share of land loss. 

The German sustainability strategy aims to reduce 
daily land loss to 30 hectares per day by 2030 in order 
to achieve the transition to a circular land economy 
(net zero target) by 2050, in line with the European Un-
ion’s resource strategy and the German government’s 
climate protection plan [30]. Further measures to pro-
mote biodiversity are discussed in Chapter 4.5.3.

The underground construction method has the ad-
vantage that it requires very little space and that it 
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runs beneath ecosystems rather than dissecting them 
(Figure 2-9). If, in addition, above-ground traffic are-
as are relocated underground, there is an opportunity 
to recultivate destroyed areas and eliminate fragmen-
tation effects, which has a positive effect not only on 
biodiversity, but also on social sustainability.

In addition, the excavated material is often used 
for the renaturation of mining areas and for landscap-
ing, which leads to less intensively used areas that 
make a positive contribution to the preserving and 
improving biodiversity. 

Fachgutachten BKGI 2.2 Vielfalt von Landschaften TU Berlin / Univ. Kassel 

108  

 

Unfragmented low-traffic areas in Germany (> 100 km ) 2

Karte 2.2-1:  Unzerschnittene verkehrsarme Räume in Deutschland   
Quelle: BfN 2016. Grundlagen siehe Verzeichnis der Karten- und Datengrundlagen. 

Figure 2-9  
Unfragmented,  
low-traffic  
areas in Ger-
many [32]

Underground structures inherently fulfil many of 
the sustainability goals listed above, as, for exam-
ple, relocating infrastructure underground creates 
space for other uses and avoid adverse effects on 
people and nature. 

Appropriate compensation and replacement 
measures on landfill sites for excavated material, 
demonstrable contributions can be made to the 
preservation and promotion of biodiversity. 
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3	 Contributions of Underground 
Structures to Sustainability

3.1	 Ecology

3.1.1	 Ecological Aspects – Urban
Against the background of an equal consideration of 
all three pillars (ecology, economy, social aspects) and 
with a view to reducing the potentially harmful im-
pacts of transport infrastructure, the contribution of 
underground structures to increasing sustainability in 
city centres is considerable. If we broaden our view 
and look at more than just the GHG balance sheet for 
each project, other substantial effects come to light 
that must be taken into account in any serious assess-
ment of a measure‘s sustainability.

By relocating traffic routes below the surface, pre-
viously sealed areas can be used for renaturation and 
infiltration, for example. A more orderly flow of traffic 
reduces congestion and thus travel times, which, apart 
from GHG, also reduces other emissions such as fine 
dust, noise, or nitrogen oxides. Through many sus-
tainable measures, such as the construction of rain-
water infiltration ditches in the middle of the roads, 
the installation of additional tree infiltration ditches 
or the planting of mini-parks or tiny forests in parts 
of the area, urban regions can be developed into so-
called “sponge cities”. 

However, space in narrow inner-city streets is lim-
ited or determined and shaped by existing buildings 
and infrastructure. If more infrastructure is to be in-
stalled on the road (e.g., cycle paths and sponge cities), 
something else must be removed or relocated to an 
elevated or underground location (e.g., as an under-
ground light rail system). The elimination of private 
transport is not entirely possible, as at least one lane 
must remain open for emergency services, passenger 
and freight transport, waste disposal, etc., in order to 
maintain public services. In general, however, moving 
traffic underground has many advantages for the mu-
nicipalities concerned and contributes to an increase 
in quality of life and sustainability. 

Selected Criteria and Indicators in Detail

Reduction of Air Pollutants
Motorised private transport is responsible for a large 
proportion of air pollutants beyond pure Carbon foot-
prints. The combustion of fossil fuels also releases ni-
trogen oxides, which in turn form ground-level ozone. 
In addition to these gaseous air pollutants, fine dust 
particles are also present. These originate not only 
from vehicle exhaust gases, but from brake and tyre 
abrasion. For this reason, although traffic-related par-
ticulate matter emissions will be reduced in the future 

as more vehicles are powered by electricity or green 
fuels, they will continue to occur. This is particularly 
true in the case of congestion on inner-city roads, for 
example during rush hour, which already leads to con-
siderable additional travel times due to traffic jams in 
many conurbations. Ozone, NOx, COx, and particulate 
matter concentrations, which are typically registered 
at several measuring stations in large cities, can be 
used as indicators for air quality.
Traffic tunnels can make a major contribution to 

ensuring that traffic flows much more smoothly both 
in urban and rural areas. They not only help to avoid 
congestion but also significantly reduce acceleration 
and braking, which are particularly high in emissions. 
This can be achieved, for example, by relocating roads 
underground or by shifting the mode of transport in 
favour of underground public transport systems. 

For example, the implementation of the “Boston 
Big Dig” project reduced carbon monoxide pollution 
in downtown Boston by 12 % after completion of the 
tunnel and rerouting of traffic [36]. Immediately after 
its opening in 2003, the newly created traffic situa-
tion also resulted in a reduction in the average daily 
time spent on the road by approx. 60 %, despite an in-
crease in average daily traffic of more than 23 % [37].

Increase in the Proportion of Open Space
A significant portion of urban areas is largely taken 
up or influenced by transport routes. Many surfaces 
are sealed by roads or railway lines, or areas are frag-
mented by these transport routes, which significantly 
limits the available open space. 

Either the percentage of open space within area 
under consideration or the absolute size of a contig-
uous open space can be used as an indicator for as-
sessing the proportion of open space. Both can be 
derived from land use plans.

Cleverly planned traffic tunnels create new open 
spaces on the surface. These should not be sealed off 
again by other transport areas but should be provid-
ed with green and blue infrastructure (i.e., contiguous 
green or water areas) wherever possible. In this way, 
they contribute to people’s well-being, promote urban 
biodiversity, improve the urban climate and serve as re-
tention areas during heavy rainfall. Exemplary projects 
in Düsseldorf, Hamburg, etc., are creating new open 
spaces that are being used for ecological purposes.

One of the most prominent examples of the cre-
ation of open spaces is the relocation of traffic on 
the M-30 in Madrid. By moving traffic into a tunnel, 
a 6-kilometre-long park was created along the Man-
zanares River, offering various leisure and recreational 
opportunities. The project was realised between 2006 
and 2012, was one of the most ambitious greening 
projects in Europe and today covers a total area of 
around 120 hectares. The park includes green spaces, 
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playgrounds, sports facilities, paths for pedestrians 
and cyclists, as well as cultural facilities (Figure 3-1).

Similar effects were also achieved in the Boston 
Big Dig project. Here, the creation of new green spac-
es has improved biodiversity. The approx. 11 hectares 
of inner-city space that has been freed up extends 
over 2.4 km across several districts and will remain 
permanently undeveloped Rose Fitzgerald Kenne-
dy Greenway). 5,000 trees and over 30,000 bushes 
were planted on the site, which also features gardens, 
lawns, and tree-lined avenues, as well as cultural and 
social offerings and various leisure activities. The area 
is managed by the non-profit Greenway Conservancy 
and is a prime example for urban revitalisation and 
sustainable urban development, water management 
and microclimate [38].

Water Management
Durch die Verlagerung von oberirdischem Verkehr 
iThe relocating of surface traffic to tunnels makes it 
possible to install rainwater infiltration ditches in the 
middle of the road to retain water from heavy rainfall 
and torrential rain in these ditches and release it with a 
time delay into a receiving watercourse, e.g., a renatu-
ralised stream. The rainwater stands in the vegetated 
infiltration channels, where it partially seeps away and 
evaporates, thereby improving the microclimate and 
reducing the heating of city centres in summer. At the 
same time, the green rainwater infiltration channels 
also provide a habitat for microorganisms, insects, 
amphibians and birds, thereby contributing to bio-
diversity in the built-up city centre. Ultimately, this 
green-blue infrastructure makes the city centre more 

liveable and healthier for residents and visitors. An 
example of this sustainable solution on main roads in 
the city centre can be found in Bochum (Figure 3-2).

3.1.2	 Ecological Aspects – Non-Urban
Similar to the positive effects in inner-city areas, clear 
advantages of underground infrastructure can also be 
identified in non-urban environments. Underground 
construction methods are increasingly being used, 
particularly in the implementation of national and in-
ternational transport corridors and in the course of 
the energy transition – for example in the construc-
tion of power lines or energy plants.

An efficient rail connection between metropolitan 
areas and conurbations is a key component of a sus-
tainable and future-proof infrastructure for long-dis-
tance trade, freight and passenger transport. As part 
of the energy transition, new power lines and plants 
for pumped storage and hydroelectric power plants 
are also being built. In all these areas of application, 
underground construction methods enable routes to 
be laid out in a way that preserves the landscape, es-
pecially when crossing under natural obstacles such 
as mountain ranges and hilly landscapes. 

Examples of this are the Gotthard and Lötschberg 
Base Tunnels in Switzerland, which are already in op-
eration, the Brenner Base Tunnel currently under con-
struction between Austria and Italy, and the planned 
Ore Mountains Base Tunnel between Germany and 
the Czech Republic. 

One critical aspect of underground transport 
routes is the concentration of emissions at tunnel 
portals, which can have a local impact on the sur-

Figure 3-1   Cityscape of Madrid before and after the lowering of the M-30 motorway in the area of the  
Segovia Bridge (Photos: AETOS)
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rounding area. For this reason, particular attention 
must be paid to the location of the portals and the 
development of suitable ventilation concepts during 
the planning process.

The targeted relocation of these infrastructure 
structures underground not only reduces interference 
in the landscape, but also emissions from the opera-
tion of above-ground facilities. In this way, contiguous 
ecosystems and protected areas can be preserved or 
newly created. High-speed rail lines that pass through 
sensitive areas underground also contribute to reduc-
ing domestic air traffic in Germany – a contribution to 
the ecological transformation of the mobility sector. 
At the same time, this strengthens social acceptance 
for the construction of such forward-looking infra-
structure projects.

Selected Criteria and Indicators in Detaill

Land Management and Urban Emission Protection 
Bypasses with tunnels are an example of a particularly 
sustainable road infrastructure measure with a posi-
tive effect in terms of emission protection for citizens. 
The roads needed to cross towns can be relocated as 
bypasses outside the towns. This will give residents 
back the centres of their villages and towns, which will 
be almost traffic-free, thereby significantly reducing 
noise pollution in addition to reducing particulate 
matter and nitrogen oxides in urban areas. Regardless 
of the topographical conditions, it may be advisable 
to construct the bypass as a tunnel in order to avoid 
cutting up open spaces [39]. 

The same applies if additional economic areas are 
to be connected to the existing road network. If this 
involves crossing bodies of water, this can be done 
in a way that preserves the landscape and does not 
interfere with shipping by means of tunnels. Examples 

can be found on the Elbe and Weser rivers in northern 
Germany, among other places.

Shaping and Realising the Energy Transition
A central challenge of the energy transition is the 
development of a suitable infrastructure for the 
storage and distribution of renewable energies. This 
requires underground caverns, tunnel systems for 
pumped-storage plants, and underground distribu-
tion networks. 

Underground facilities are indispensable, particu-
larly for the use of hydropower – both for energy 
generation and for storage. They are deliberately built 
underground to preserve the landscape. Even during 
the construction phase, access is usually via tunnels, 
which largely minimises interference with the surface. 

Transporting electricity over long distances – for 
example from large-scale wind and solar power plants 
to consumption centres – also places high demands 
on environmental compatibility and public accept-
ance. Utility tunnels offer a sustainable solution here: 
they enable power lines to be laid in a way that pre-
serves the landscape and are already being imple-
mented on a large scale, particularly in the vicinity of 
offshore wind farms, by grid operators, In addition, 
these tunnel systems are also suitable for the integra-
tion of gas, hydrogen, and CO2 pipelines – a further 
step towards a cross-sector energy infrastructure.

Figure 3-2   Green rainwater infiltration channel in Hattinger Strasse in Bochum after lowering the 
tram line (left before and right after implementation; Photo: City of Bochum, Press Office)

Tunnels and other underground facilities contrib-
ute to improving the ecology in both urban and su-
pra-regional areas. They help to reduce emissions, 
protect habitats from harmful influences, improve 
the microclimate, create open spaces in urban are-
as, and are indispensable as essential infrastructure 
structures in the course of the energy transition. 
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3.2	 Social Aspects

3.2.1	 Social Aspects – Urban 
On the surface, underground structures have many 
clearly noticeable effects on social and economic life 
in the city: traffic flows shift, sustainable pedestrian 
and bicycle traffic develops anew and improves, and 
traffic areas that are freed up can be returned to the 
population in the form of green spaces, for example, 
Pedestrian zones have a positive impact on retail, res-
taurants, entertainment, etc. Where areas of conflict 
with trams, private transport, pedestrians, and cyclists 
are eliminated by tunnel traffic, traffic accidents are 
reduced. Fire engines and ambulances can also reach 
their destinations more quickly and with less conflict.

This principle has been known in urban areas for 
over 100 years: for 160 years now, underground rail-
ways and underground light rail systems have been 
part of metropolitan transport infrastructure and ur-
ban life. The London Underground has been in op-
eration since 1863 and the Berlin U-Bahn since 1902. 
In Germany, there are a total of 20 major cities with 
underground railways and underground light rail sys-
tems. In 2024, 663 underground stations and over 
1,000 km of underground tunnels were in operation. 
They are the main arteries of public transport and, in 
most cases, of all inner-city transport. The transport 
advantages of underground railways and light rail 
systems are evident: the performance and capacity 
of an underground system are higher than those of 
a tram or bus line. The travel speeds of 80 km/h for 
an underground railway and 70 km/h for a tram in 
underground sections are significantly higher than 
those of a tram or bus with a permissible speed in 
the city of 50 km/h and an actual average speed of 25 
km/h in traffic flow. This significantly reduces travel 
times. 

The impact of this fast and independent under-
ground mode of transport extend to all areas of ur-
ban life, especially social aspects. Increased mobility 
and shorter journeys have a positive impact on all 
functions and areas of life: living, working, learning, 
shopping, retail, culture, entertainment, recreation, 
health, and social activities. Everyone can enjoy and 
experience the benefits on their way to work, school, 
university, shops, the library, cinema, theatre, hospital, 
daycare centres, retirement homes, etc. every day.

Selected Criteria and Indicators in Detail

Reducing travel times, improving accessibility
Mobility is an essential prerequisite for modern so-
ciety and a prosperous economy. This is linked to a 
growing interest in society in reducing travel times 
and thus an increasing demand for well-functioning 
infrastructure. 

The size of the target area that can be reached 
within a certain period of time (e.g., 10 minutes) can 
be used as an indicator for assessing accessibility. 
Such accessibility maps can be determined on the 
basis of public transport timetable data.
Traffic tunnels can make a significant contribution 

to improving the accessibility to urban areas and re-
ducing travel times. Additional transport routes are 
being created underground, which are largely inde-
pendent of disruptive influences (especially from oth-
er modes of transport and the weather) and thus have 
a particularly high transport capacity, as can be clearly 
seen in Table 1. The underground infrastructure sig-
nificantly reduces commuting times, which improves 
the quality of life for commuters and leads to the de-
velopment of new residential and commercial areas, 
as can currently be seen in the example of Crossrail 
in London. 

Demand for inner-city mobility continues to rise: 
according to a 2018 forecast, global demand for in-
ner-city mobility is expected to rise to 48.4 trillion 

Transport Mode
Average real pas-
senger numbers 

[passengers/day] 1)

Rail line 
service

S-Bahn  
(Suburban train) 20,000 – 120,000

U-Bahn (Under-
ground railway) 100,000 – 200,000

Stadtbahn  
(Light rail) 20,000 – 100,000

Straßenbahn 
(Tram) 10,000 – 30,000

Regionalbahn 
(Regional train) 2,000 – 5,000

Bus line 
service

City bus in dense 
areas 2,000 – 15,000

Regional bus in 
rural areas 1,000 – 3,000

On-demand 
transport

On-demand bus 
(corridor) 500 – 1,000

Dial-a-ride taxi 
(area) 2) 40 – 100

Community bus 
(area) 2) 20 – 50

1) These are not performance figures, but actual daily 
values in both directions for the service areas and lines; 
in individual cases, the figures may therefore be exceed-
ed or not reached
2) Usually only used at certain times of the day

Table 1  Average real passenger numbers for various  
public transport modes in Germany (according to  
VDV surveys [41])
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passenger kilometres by 2050; in 2010, the figure was 
25.8 trillion passenger kilometres [40].

Larger metropolitan areas such as London, Paris or 
Berlin require efficient underground transport infra-
structure. Worldwide, 251 cities have a well-function-
ing subway or light rail system (as of 2025).

Increase in road safety
In recent years, vehicle safety has continuously im-
proved, resulting in a steady decline in the number 
of vehicle occupants killed or injured. However, tragic 
accidents in which pedestrians or cyclists are injured 
by vehicles still occur relatively frequently. One reason 
for this is inadequate separation of vulnerable road 
users from motorised traffic. 

The number of fatalities and injuries within a cer-
tain period of time along the route under considera-
tion, as recorded in police accident statistics, can be 
used as an indicator for assessing road safety.
Traffic tunnels inherently avoid conflicts and create 

additional free space on the surface when tracks or 
multi-lane roads are relocated underground. These 
open spaces can be used, for example, to create sep-
arate cycle paths and improve visibility in the traffic 
area, thus making a further contribution to increasing 
road safety. In addition, it can be statistically proven 
that the frequency of accidents on open stretches of 
road is significantly higher than in tunnels [72] [73].

Improving quality of life in the area surrounding 
the measures
By clearing areas used for traffic, quiet zones and 
traffic-free areas can be created in city centres, which 
substantially improve the quality of life for residents 
and neighbours. In addition to the aforementioned 
ecological effects (e.g., reduction of emissions), such 
constructions measures also have an impact on the 
social fabric of the city centres. The examples already 
listed in Chapter 3.1.1 under “Increasing the propor-
tion of open space” also lead directly to an improve-
ment in the quality of life in the area surrounding the 
measures.

3.2.2	 Social Aspects – Non-Urban
By relocating infrastructure projects underground, in-
terference with the landscape is avoided and nature 
reserves and ecosystems are preserved or newly cre-
ated. These areas can be easily reached for local rec-
reation by public transport and thus contribute signif-
icantly to improving the quality of life of the residents 
of the adjacent cities and to promoting biodiversity.

3.3	 Economy
3.3.1	 General
While it makes sense to distinguish between urban 
and rural areas when identifying social and environ-
mental aspects, economic aspects have an impact on 
either the national economy or business management. 
Therefore, no distinction is made below between ur-
ban and non-urban, categories; instead, a differenti-
ated assessment is made based on economic benefits, 
service life and durability, maintenance and repair, 
and availability. No quantified statement is made at 
this point, but rather a general reference to effects to 
be taken into account is formulated. These must be 
considered and examined on a project-specific basis 
in the course of an evaluation.

3.3.2	 Economic Benefit
Underground infrastructure structures can generate 
economic benefits in many different ways, contribut-
ing to sustainable development. By shortening travel 
and transport routes, for example by passing under 
rivers or mountain ranges, delivery times are reduced 
in a resource-efficient manner. This helps to promote 
business locations and connect entire regions to larg-
er economic areas. The Pirmasens region is a prime 
example, which experienced a renaissance with the 
opening of the Cologne-Frankfurt high-speed railway 
line. The direct and fast connection to Frankfurt al-
lows many employees from the region to participate 
in the labour market of the Main metropolis and gen-
erates substantially increased local revenue from in-
come and trade taxes. In city centres, the shift from 
private transport to underground public transport, in 
addition to the ecological and social effects already 
mentioned, reduces traffic congestion and thus the 
amount of time spent in traffic. This results in savings 
in fuel consumption and less time spent in traffic for 
road users. As a rule, underground railways can con-
tinue to operate during snowfall, storms or heavy rain, 
even when traffic on the surface has already come 
to a standstill due to weather conditions. As a result, 
these transport systems make a valuable contribution 
to the security of supply in local transport thanks to 
their high availability.

Traffic tunnels enable traffic flows to be moved 
underground, thereby substantially improving the 
quality of life in urban areas: new open spaces are 
created, accessibility and mobility are generally im-
proved, and travel times for residents are reduced. 
This increases personal well-being and acceptance 
of specific urban development measures.
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3.3.3	 Service Life and Durability
The existing underground structures have laid the 
foundations for a thriving and resilient national econ-
omy: they ensure the supply of water and energy, 
they relieve city centres of traffic thanks to under-
ground and suburban railway systems and under-
ground roads, they ensure safe transport connections 
over long distances and across the region, and they 
enable underground disposal systems such as sew-
age systems.

Underground infrastructure in Germany is current-
ly designed for a long technical service life, general-
ly 100 years. In some cases, existing structures for all 
modes of transport are already showing significantly 
higher life expectancies than initially assumed or pro-
jected (Figure 3-3).

Comparable figures can also be found for other 
modes of transport– e.g., in the underground railway 
networks of large   cities. For example, shortly after 
the beginning of the 20th century, around 80 % of 
the Berlin U-Bahn in use today was already in opera-
tion. This means that the structures have substantial-
ly exceeded their intended service life in accordance 
with the applicable regulations. 

Renewal and upgrading campaigns ensure that, 
even after their intended service life, they continue to 
meet the current traffic, normative and regulatory re-
quirements and can continue to perform their service 
efficiently for decades to come. 

Impressive examples of the long service life of 
underground transport structures are the first long 
railway tunnels through the Alps (Mont Cenis Tunnel, 
1871; Gotthard Railway Tunnel, 1882; Simplon, 1906), 
which have carried significant traffic loads for well 
over a hundred years and continue to do so today. 

There are even older tunnel structures that are still 
in operation today, such as the Urner Loch opened in 
1708 (road tunnel, Switzerland), the Hauenstein Sum-
mit Tunnel (1858, railway tunnel, Switzerland) or the 
Tunnel ferroviaire du Lioran (1868, France).

3.3.4	 Maintenance and Repair Costs
In Germany, tunnels are classified as civil engineering 
structures within the meaning of DIN 1076 and are 
planned, built and maintained in accordance with the 
rules of the respective modes of transport. 

Like all other types of structures, underground 
structures are subject to degradation effects through-
out their service life: influences from the structure’s 
environment have damaging effects on tunnel and 
bridge components, for example in the form of chlo-
rides from de-icing salts. These penetrate the con-
crete structure and sometimes cause considerable 
damage to the reinforcement. Compared to bridges, 
however, tunnels show significant differences in op-
eration, which have a direct impact on the life cycle 
costs of the structures:
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�� Bridges are affected by changing traffic flows, par-
ticularly the increase in heavy goods traffic. The 
electrification of private transport is also expected 
to contribute to a further increase in the risk profile 
in future due to the increasing weight of vehicles. 
Tunnels, on the other hand, are completely unaffect-
ed by this, as traffic does not have a direct impact 
on their supporting structure. For this reason, ICE 
trains, for example, can still travel through the tun-
nel structures of the old Rhine route today, some 
of which are over 100 years old.  Structural loss – as 
can currently be observed at the Rahmedetal Bridge 
on the A 45 near Lüdenscheid – is therefore not a 
relevant scenario for tunnels.

�� Tunnels, on the other hand, must be equipped with 
operational facilities to protect users, which, in the 
event of an incident, ensure that users can rescue 
themselves and support external rescue operations. 
These facilities must also be maintained and, if nec-
essary, replaced when the components of the sys-
tem reach the end of their service life. 

The maintenance costs for tunnel facilities are therefo-
re largely independent of the intensity of traffic use 
and, in terms of the effort involved and the resulting 
costs, are largely calculable. This distinguishes tunnels 
significantly from bridge, structures, which generally 
show progressive damage due to ageing and increa-
sing traffic loads.

4	Ways to Sustainable Under-
ground Construction

4.1	 Prerequisites and Framework Condi-
tions

Achieving sustainability goals is not something that 
happens automatically. Decisions made in the past 
were often based on the conviction that they had 
been weighed up with a view to securing the future. 
On closer inspection, however, it often becomes clear 
that only a small part of the sustainability goals recog-
nised today was taken into account. A rethink is there-
fore required above all else. This implies that there 

Not only in Germany, but also worldwide, there are 
underground structures with service lives of more 
than 100 years and examples of how these can be 
extended through upgrading campaigns. Under-
ground structures have positive economic effects 
and at the same time, low maintenance costs. In 
terms of long-term use, underground structures. 

must be a willingness to change behaviour, or at least 
this willingness must be awakened.

This goes hand in hand with an expansion of con-
sciousness, a way of looking “beyond the horizon”, so 
to speak, nowadays often referred to as ‘abandoning 
silo thinking’. It is no longer just a matter of one’s own 
immediate concerns, but of recognising and evaluat-
ing all associated effects, so that a balanced weighing 
process based on the three pillars of sustainability can 
be set in motion. This requires holistic evaluation sys-
tems, which are discussed in more detail in Chapter 5.

Advancing digitalisation provides valuable tools 
and methods for comprehensively mapping all these 
aspects. Digital planning methods such as BIM pro-
vide reliable quantity structures for various planning 
variants based on parameterised planning, even in 
the early planning phases. This allows decisions to be 
made that are forward-looking and oriented towards 
sustainability goals, largely without the need for sub-
jective assessments. Such a methodology also makes 
it much easier to reach a consensus, because of the 
possibility of comprehensively considering all relevant 
aspects, as the process already incorporates the will-
ingness to compromise. 

If we break this approach down further, we see that 
it also affects approval procedures, release processes 
and licensing procedures for innovative materials etc. 
A rethink is required across the board, because a wide 
range of criteria must always be incorporated into 
the decision-making processes. However, this also 
presents an opportunity to classify ultimate individ-
ual bans and restrictions in favour of overarching ob-
jectives. In doing so, it should be expressly permitted 
to weight objectives depending on the issue and the 
facts of the case. 

It is also necessary to review the regulations sur-
rounding us with regard to political guidelines for 
achieving sustainability goals. For example, the Fed-
eral Transport Infrastructure Plan [43] pursues ob-
jectives that clearly conflict with other sustainability 
goals. These include efficient transport infrastructure 
for greater personal mobility, ensuring the supply of 
goods and increasing road safety. The other objec-
tives such as reducing emissions (by reducing traffic 
congestion), limiting land consumption and improv-
ing quality of life are also mentioned. The approach is 
to expand and increase the capacity of existing trans-
port routes, and in some cases to build new ones. 

Such a conflict is normal at first. However, there 
is room for improvement in terms of creating greater 
transparency of the evaluation system used to select 
and prioritise measures. So far, instead, the explana-
tion has been that the objectives are “deliberately not 
quantified”.

Another example of a set of rules that tends to hin-
der he achievement of objectives can be found in the 
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“Guidelines for planning decisions cut or tunnel” [44]. 
The evaluation here is based exclusively on a pure 
economic analysis. The document, which dates from 
1998, is currently being revised, and an expansion of 
the evaluation criteria is necessary.

4.2	 Genesis of a Project
4.2.1	 Requirements, Project Objectives
The need for infrastructure measures is regular-
ly demonstrated by indicators such as delays in rail 
transport, traffic jams in road traffic, accident fre-
quency, technical disruptions or failures, the need 
for a secure supply of energy and water, but also by 
citizens’ complaints, citizens’ initiatives and petitions 
that become apparent through political processes. 
This is therefore a reactive mechanism, which results 
in a corresponding time lag until a project is realised. 
Another indicator is regular updates of traffic fore-
casts for the respective modes of transport - rail, road 
and water - in conjunction with key figures for the 
performance of the existing infrastructure.

Initial project objectives can be defined based on 
requirements. These are naturally based initially on 
the aforementioned indicators. So far, the effects are 
then assessed, and compensation is sought through 
supplementary measures in order to achieve approv-
al. In future, a much stronger focus on the overar-
ching sustainability goals will be necessary in order 
to develop a more comprehensive set of tasks whose 
solutions can also meet the expanded requirements.

4.2.2	 Tasks and Responsibilities of the Client
In consultation with the building authority, the client 
bears a special responsibility, especially at the begin-
ning of a project, to ensure that the development of 
the project focuses on sustainability goals. The neces-
sary space, time and financial resources must be made 
available for sustainability in project planning and 
implementation. In order to ensure decision-making 
processes with regard to approvability, planning must 
be transparently and evenly aligned with these objec-
tives from the outset.

An effective approach lies in establishing a suita-
ble project organisation. Clear responsibilities and ac-
countabilities, as well as the equipping project partici-
pants with the appropriate skills and decision-making 
powers, are fundamental to successful project man-
agement. 

The project organisation should be broadly based 
and have sufficient expertise to assess the impact of 
planning decisions. The decision-making processes 
must be documented. The project organisation must 
be capable of formulating tasks for those involved 
in the project and identifying risks and conflicts that 
arise when pursuing often conflicting goals. Transpar-

ent methods for evaluating projects as objectively as 
possible are the key to ensuring broad acceptance of 
the chosen solutions. It is the client’s responsibility to 
involve affected citizens and stakeholders at an early 
stage and to organise transparent communication of 
the weighing processes. It may be advisable to seek 
professional support for this as well as to involve spe-
cialist consultants and experts at an early stage. Open 
communication helps to reduce resistance, which is 
often due to a general mistrust based on incomplete 
information.

However, planners, contractors and the entire 
construction industry are also called upon to contin-
ue searching for innovative solutions to improve the 
sustainability of underground structures and to incor-
porate these into their projects.

4.3	 Project Structuring
Once the need for an infrastructure measure has 
been identified, it is generally in the (economic) inter-
est to immediately begin project development, taking 
into account the classification or prioritisation of the 
measure, and to proceed swiftly. This conserves re-
sources for all parties involved. 

This includes binding project structuring at the 
earliest possible stage, right through to planned con-
tract award units. First of all, the project objectives 
must be defined, which in future will also include the 
overarching sustainability objectives. All individual 
objectives must be consistent and build on each oth-
er in order to achieve the sustainability goals. Project 
tasks must be developed from this and differentiated 
from one another. 

Task packages must be described and assigned 
so that their processing can begin promptly. There 
are often other existing or future requirements in the 
project environment that could also be taken into 
account. Combining these increases sustainability 
and thus the benefit to the general public. Regular 
exchange with other infrastructure providers is there-
fore recommended.

In the course of project structuring, catalogues 
of measures should also be developed that promise 
the best possible achievement of objectives. To this 
end, quantification and comprehensible evaluation of 
the sustainability achieved are of central importance. 
Against this backdrop some key issues relating to un-
derground construction and subsequent use are ex-
amined in more detail in the following sections.

Here, too, the DAUB expressly recommends in-
novative procurement concepts based on partner-
ship-based contract models. The early involvement of 
the expertise of potential future partners in the con-
struction process offers potential for a goal-oriented 
project execution that has hardly been exploited in 
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Germany to date. Cooperation should be organised in 
such a way that participatory cooperation is initiated 
and promoted on an equal footing and the interests 
of all parties involved are aligned. 

One option is to assign tasks - wherever possible - 
in conjunction with incentive systems. The criteria for 
this can be directly based on the degree to which sus-
tainability goals are achieved. This can be taken into 
account for planning tasks, in the context of procure-
ment procedures, as well as in the construction phase.

4.4	 Planning and Project Execution
4.4.1	 Integral Planning Process
From the outset, the underground structure is con-
sidered throughout its entire life cycle, as the con-
struction phase is short compared to the operating 
period. This life cycle includes material extraction and 
production, construction, operation and dismantling 
or conversion of the structure, as well as recycling and 
waste disposal. Even within individual project phases, 
specialist planners are working more closely together, 
as they need to coordinate the mutual interactions of 
their different plans (and interests) in order to achieve 
the best overall result. Sustainable planning and con-
struction preparation thus become an integral plan-
ning process. The following features are part of the 
integral planning:
�� Early consolidation and integration of the various 
planning disciplines 

�� Overall concept for all structural and technical works 

�� Overall concept for the underground structure, tak-
ing into account the entire life cycle: construction, 
operation, conversion, refurbishment, demolition 

�� Overall concept with equal consideration given to 
economic aspects (investments, running costs, etc.), 
social aspects (user comfort, etc.) and ecological as-
pects (resource conservation, cradle to cradle, etc.)

�� Open and goal-oriented communication as well as 
interdisciplinary thinking of those involved in plan-
ning

�� Enabling feedback processes (iteration) in planning

The central approach of integral planning consists of 
the early integration of all specialist disciplines and 
clearly structured, continuous communication bet-
ween those involved in the project. This promotes 
more efficient and sustainable project development. 
Early action in the interests of sustainability is particu-
larly crucial here: especially in the early planning pha-
ses (variant studies as part of preliminary planning), 
significant steps towards sustainable solutions can be 
taken with comparatively little effort.

Sustainable infrastructure planning should include 
variant studies on construction methods, use and life 
cycle based on common basic values and resulting 
in comprehensible and reliable findings. Sensitivity 
analyses should be carried out in order to assess the 
influence of the basic values.. For the variant stud-
ies, different execution options can be evaluated and 
their environmental impact in terms of sustainability 
described. This can be useful both when choosing an 
overall construction method and when weighing up 
materials in detailed decisions. The total greenhouse 
gas balance is less meaningful in this context than the 
respective internal project comparisons. The balance 
is particularly useful for assessing which materials or 
processes have the greatest impact on the overall bal-
ance and what potential this offers for reducing total 
emissions.

4.4.2	 Integrated Project Management
Integrated project management means that the plan-
ning process is brought forward. Decisions are made 
earlier than in the traditional planning process, possi-
ble risks are identified and remedied at an early stage, 
and communication between those involved is im-
proved. Earlier decisions on materials, cross-sections 
and construction methods also allow earlier influence 
on the environmental impact of the structure. Since 
the performance phases are thus shifted, it may also 
be necessary to adjust the remuneration limits.

4.4.3	 Cross-Section Optimisation
A reduction in greenhouse gas emissions can also be 
achieved indirectly by optimising the use of the tun-
nel cross-section at an early planning stage. In this 
context, a distinction must be made between con-
ventional and mechanised tunnelling. In general, the 
cross-section should be selected and designed based 
on the recognisable long-term usage requirements. 
This means, for example, adapting the cross-section 
of a railway tunnel so that there is no excessive energy 
loss during passage. Another example would be the 
dimensioning of a collection channel designed for fu-
ture, potentially more frequent, heavy rainfall events 
in order to make the infrastructure more resilient. 

If, for example, additional cable ducts for laying 
supply lines can be accommodated in a road tun-
nel, there is no need to build two separate tunnels. 
The circular cross-section of tunnels in mechanised 
tunnelling, leaves a space below the road level after 
construction, which can be put to ideal us. For exam-
ple, the lower area can be used as an escape route 
or as a catch basin for heavy rainfall events in large 
cross-sections. An example project with such an im-
plementation can be found in Appendix B.
There is more flexibility in designing the cross-sec-

tion of a conventional tunnel than in mechanised 
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tunnelling. The cross-section can be tailored more 
individually to the effects in order to achieve an opti-
misation of the stress. For example, a more rounded 
invert may require a thinner shotcrete layer and inner 
lining than a flat invert [68]. This is offset by a larger 
excavation volume. When planning a cross-section, 
different invert designs can be compared and evalu-
ated in terms of their sustainability.

4.4.4	 Use of Recycled Materials
When using recycled materials, additional require-
ments must be met during the planning process. For 
example, it must be proven that the building mate-
rial used is as suitable as a primary building materi-
al. Compliance with construction and environmental 
regulations is verified by independent certification 
bodies. This must be taken into account in the plan-
ning process. Likewise, the properties of primary and 
secondary building materials must be compared and 
the effects taken into account in the planning.

4.4.5	 Durability
When deciding on the materials to be used, the focus 
should be not only on the environmental impact but 
also on the performance and durability of the ma-
terial. If, for example, the material has a significantly 
longer service life it will need to be replaced or main-
tained later and will therefore have a lower environ-
mental impact over time. A more efficient material 
may be able to be used with a smaller cross-section 
or thickness, thereby contributing to a lower environ-
mental impact. 

Haist [48] therefore defines the sustainability of 
material selection as the ratio of performance, ser-
vice life and environmental impact (Figure 4-1). This 

approach should be taken into account in particular 
when selecting building materials and defining com-
ponents.

This approach to assessing the sustainability of 
components was developed for concrete but can also 
be applied to other building materials. The environ-
mental impacts are converted to the component in 
each case.

4.4.6	 Waste Heat, Energy Generation
The planning of energy generation in parallel with the 
actual use of the tunnel must also be determined at 
an early stage.  In cable tunnels in particular, energy 
generation can be useful due to the waste heat. Here, 
room should also be left for future technical develop-
ments so that new and innovative solutions can be re-
alised. In mechanised tunnels, geothermal activation 
of the tunnel segments (see Figure 4-2) can be used 
to generate energy and supply a nearby residential 
area, for example. Conventional tunnels can also be 
geothermally activated.

4.4.7	 Contractual Provisions
During the planning stage, it is possible to work with 
the client to establish contractual sustainability tar-
gets for the contractor. These could include, for exam-
ple, requirements for recycled materials or maximum 
transport distances for regular or larger transports. At 
the very least, sustainability issues should be integrat-
ed into the tender and award process. For example, a 
less sustainable design can be monetised in the eval-
uation. 
The more specifically the relevant objectives and 

precise implementation options are regulated in the 
draft planning, explained in the tender and incorpo-

Sustainability of 
Material Management ͌

Performance
▪ Increasing Load-Bearing 

Capacity 
▪ Increasing Functionality 

Service Life
▪ Increasing Durability of 

Building Materials
▪ Structural Monitoring and 

Maintenance

Environmental Impact
▪ Building Material Formulations with 

Reduced Environmental Impact, 
e.g., Reduced Clinker Content

▪ More Environmentally Friendly 
Production and Construction Methods

Performance    x    Service Life
Environmental Impact

Figure 4-1  Approach to quantifying the sustainability of concrete at the building material level according to [48]
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rated in the appropriate bill of quantities items, the 
more sustainably the implementation of the construc-
tion project can be designed.

4.5	 Measures

4.5.1	 Climate Protection Measures

4.5.1.1	 Preliminary Remarks
In the infrastructure sector, complex soil-structure 
interactions and high demands on the durability of 
structures mean that large quantities of materials are 
consumed, the production of which is associated with 
significant CO2 emissions and resource consump-
tion. This applies in particular to tunnel construction. 
Tunnel structures differ both in their type (road, rail, 
underwater tunnels, etc.), the resulting durability re-
quirements and the ground in which they are built. 
This results, on the one hand, in widely varying re-
quirements for the tunnel support system and the 
concrete used, and on the other hand, it also means 
that the properties of the tunnel excavation material 
to be recycled vary greatly. In addition, there are ge-
ological variations which, when reusing the materials 
for concrete production, can currently only be con-
trolled in practice by limiting quantities and increas-
ing the cement content.

4.5.1.2	 Innovative Materials
Various approaches are currently being pursued in 
the development of CO2- and resource -optimised 
concretes, all of which aim to increase the proportion 
of raw materials with low specific emissions without 
compromising the required concrete properties [47]. 
Accordingly, new cements with greatly reduced clink-
er content have been introduced in recent years [48], 
[49], but these have not yet found their way into tun-
nel construction, or only to a limited extent. This is 
due, on the one hand, to their insufficient workability 
and robustness, and on the other hand, to the slower 
setting speed of such concretes. However, this behav-
iour can be controlled by adding chemical additives 
such as superplasticisers and accelerators (including 
those based on renewable raw materials). In particular, 
the controlled liquefaction of chemically very hetero-
geneous binder mixtures (such as composite cements 
consisting of a large number of components) still pos-
es a challenge and is currently being addressed in var-
ious research projects. The strength development of 
the concretes is of great economic importance here, 
as it has a significant influence on the production 
cycle, e.g. in segment production. Fast-setting, low-
CO2 cements based on calcium sulfoaluminate clinker 
(CSA) could provide a remedy here.

Until low-clinker cements, which currently still re-
quire building authority approval, are ready for the 
market, CO2 emissions can already be reduced by us-
ing selected binders with reduced clinker content and 
specially tailored additive systems. Portland cements 
of class CEM I with a rapid strength development of 
strength class 52.5 R are usually used in the produc-
tion of shotcrete. These cements contain a clinker 
content of 95 to 100 %. By substituting the Portland 

Figure 4-2  System sketch of an energy segment

The realisation of sustainable underground infra-
structure requires planning and project manage-
ment that is geared towards pursuing sustainability 
goals from the outset and throughout all phases.
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cement clinker with suitable additives (e.g. limestone 
powder, ground granulated blast furnace slag, fly ash, 
etc.), cement-related CO2 emissions can be avoided. 
Practical experience has already been gained with the 
use of CEM III/A cements as a substitute for classic 
CEM I cement in shotcrete. By using a CEM III/A ce-
ment, the clinker content can be reduced by up to 
50 % and the cement-related CO2 emissions can be 
reduced by over 45 % compared to a CEM I cement 
[50].

Due to the cycle construction method and the 
aim of early formwork removal, fast-setting cements 
of class CEM II/A are often used for the production 
of tunnel inner linings. However, when planning the 
recipes, the favourable influence of hydration heat 
development and the associated faster strength de-
velopment in the component compared to concretes 
tested under laboratory conditions is not taken into 
account to be on the safe side. As a result of extend-
ed initial tests with heat-treated test specimens, in-
ner lining recipes using CEM III/A cements can also 
be developed during project preparation that meet 
the requirements of cycle construction (production of 
one inner lining block per day). The clinker content in 
CEM III/A cement is 35 to 64 %, which is significantly 
lower than the clinker content in CEM II/A cement (80 
to 94 %), meaning that there is also potential here to 
reduce cement-related CO2 emissions using raw ma-
terials already available on the market.

The use of CEM III/A cements for the production 
of tunnel inner linings has a favourable effect on the 
development of hydration heat in the component. 
Particularly in the case of thin inner linings, fresh con-
crete temperatures >25 °C are therefore acceptable 
from a technical point of view, which means that en-
ergy-intensive measures for cooling the fresh con-
crete can be reduced.

Cement-free building materials based on geopoly-
mers
Geopolymers are inorganic binders that do not con-
tain cement and whose structure can be traced back 
to aluminosilicates. Geopolymer-based concretes and 
mortars consist of ground granulated blast furnace 
slag, fly ash, aggregates, various activators and super-
plasticisers. Compared to traditional concretes, these 
systems require alkaline activators to achieve the ma-
terial properties of concrete. Compared to conven-
tional cement-based systems, geopolymer concretes 
and mortars have a comparatively lower Carbon foot-
print due to the use of by-products from cement pro-
duction. Experience has shown that cement-free con-
crete is characterised by a high early strength, similar 
compressive strength values and increased flexural 
strength [51]. 

Furthermore, reduced shrinkage potential and lower 
susceptibility to cracking were observed. In addition, 
geopolymer concretes exhibit increased acid and sul-
phate resistance, as well as increased resistance to 
particularly high temperatures in the event of a fire 
[52].

One disadvantage is that geopolymer concrete 
can be more alkaline than conventional concrete, 
which can affect the corrosion protection of the re-
inforcement. It is important to take appropriate pro-
tective measures for the reinforcement. The adhesion 
between geopolymer concrete and the reinforcement 
can vary, which could affect the structural integrity. 
This must be taken into account. Geopolymer con-
crete behaves differently to conventional concrete 
during processing. Polymer concrete can be thix-
otropic, which means that it becomes more liquid 
when stirred or shaken, which can make it difficult to 
remove components from the formwork.

Cement-free annular gap grout
In mechanised tunnelling, a gap is created between 
the surrounding rock and the segmental lining as a 
result of the process. To transfer forces and reduce 
surface settlement, this annular gap must be com-
pletely filled with annular gap filling material. These 
are generally referred to as annular gap mortars, 
whereby a basic distinction is made between so-called 
1K and 2K annular gap mortars. 1K annular gap mor-
tars are composed according to concrete technology 
and contain cement, additives, aggregates and wa-
ter. Concrete additives control the special processing 
properties. 2K annular gap filling materials consist of 
cement, bentonite and water. Here, stabilisers ensure 
the processing properties.

In Germany, an annular gap mortar in which the 
cement was replaced by an alternative geopoly-
mer-based binder was used for the first time in the 
construction of the new Emscher sewer. Such a sys-
tem was used again in the major Stuttgart 21 project, 
which, among other things, mastered the great chal-
lenge of mechanised tunnelling in anhydrite-contain-
ing, swellable rock. For use in anhydrite-containing 
soils, the transfer of excess water from the annular 
gap mortar to the surrounding rock had to be pre-
vented, which was made possible by the properties of 
the geopolymer which completely absorbs the added 
water into the structure of the building material.

The binding agent in this type of annular gap 
grout consists of granulated blast furnace slag and fly 
ash. Aggregates are used as supporting grains. At the 
segment joint through which the annular gap grout is 
introduced into the annular gap, an activator is add-
ed to trigger the reaction of the binding agents. The 
phosphates contained in the compound counteract 
the swelling process.
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Cement-free shotcrete
As part of the project work of the KOINOR research 
project, a sprayable fire protection coating for existing 
tunnel structures was developed based on an alka-
li-activated binder (geopolymer). The coating devel-
oped can be used both as a sprayed mortar and as a 
shotcrete system for repair as well as for structural im-
provement and can be applied using wet or dry spray-
ing methods. The key advantages of cement-free sys-
tems are
a)	 the thermal properties that meet the current re-

quirements of the guidelines for fire protection in 
tunnel structures and prevent spalling in the event 
of a fire without the addition of PP fibres (mono-/
multifilament microfibres),

b)	 the very high sulphate resistance and the high 
chloride penetration resistance of the hardened 
concrete, as well as

c)	 the reduction of the carbon footprint as part of the 
upgrading of the entire tunnel structure.

The investigations carried out showed that the injec-
table geopolymer systems developed work very well 
in terms of process engineering and perform well in 
terms of the expected benefits. This opens up the 
possibility for the first time of coating existing tunnel 
systems using a cement-free coating without exten-
sive interference with the required clearance profile 
[53]. 

The follow-up project KOINOR-Pro is scheduled 
to begin in Q3/2024 and will involve further adjust-
ments to the developed system with a view to cre-
ating far-reaching operational capability in the long 
term. To this end, the research project will also focus 
on the approval status of the cement-free shotcrete 
as a repair system. As part of an expert assessment, 
the basic layout of a step-by-step plan for obtaining 
approval in individual cases (ZiE) is to be developed, 
thereby accelerating its subsequent practical applica-
tion. Technically, further research is being carried out 
on the composition of materials, among other things. 
In the latest exploratory tests, modifying the recipes 
with regard to the activator used has already increased 
the melting point of the material, and adding new 
types of additives has reduced its permeability. The 
additives used are recycled products that have been 
proven to have a better carbon footprint. This opens 
up the prospect of further improving the already fa-
vourable carbon footprint of the developed product 
– measured against comparable cement-based prod-
ucts – by reducing its permeability.

Cement-free structural concrete
Cement-free systems can also be used as in-situ con-
crete or for precast concrete elements. Such systems 

have already been approved by the German Institute 
for Building Technology (DIBt) in Germany and are 
therefore permitted for use in everyday construction 
work. Due to its high acid and sulphate resistance, 
cement-free concrete is ideally suited for the con-
struction of precast pipes and shafts as well as for the 
construction of agricultural and municipal water man-
agement structures with requirements for acid and 
sulphate resistance.

4.5.1.3	 Improved construction methods

Sensor data-based and AI-supported methods for 
automated concrete production
Today, the production of concrete as a material or of 
components made of concrete is still based exclusive-
ly on empirical methods. Despite enormous repetition 
rates (in Germany alone, well over 10,000 batches of 
concrete are produced every day), Industry 4.0 meth-
ods have not yet found their way into this area. How-
ever, these are a key prerequisite for achieving CO2 
reduction targets in the construction industry. A major 
reason for this is that there are currently no suitable 
sensor methods or evaluation algorithms available to 
record and control production processes inline. Initial 
groundbreaking approaches in this field have been 
made in various development projects. For example, 
digital image analysis makes it possible to record the 
grain size distribution and other properties of aggre-
gate for concrete production online and to use this 
real-time data as a control variable for concrete con-
trol [54]. These techniques are currently being applied 
to tunnel excavation material in development projects 
and are expected to be implemented in initial con-
struction projects in the medium term. These current 
developments are laying the groundwork for the scal-
able use of excavated material for concrete produc-
tion in tunnel construction. 

Based on AI approaches, STUVA has developed a 
measuring system for determining the binder content 
in mineral building materials [55]. The combination 
of these techniques makes it possible to record the 
entire process of raw material provision and con-
crete production in real time using sensors, thereby 
enabling the development of control algorithms for 
concretes with minimised resource consumption and 
their application on a project scale.

Reinforcement and robotic production
In international tunnel construction projects, con-
ventional steel bar reinforcement has been replaced 
for years by alternative fibre reinforcement made of 
steel or, in some cases, in combination with plastic. 
Under appropriate boundary conditions, the targeted 
use of fibres allows a reduction in the amount of steel 
required in structural concrete. So far, this has not 
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been possible in Germany due to the applicable reg-
ulations. For the first time, as part of the new DAUB 
recommendation for the design, production and in-
stallation of segment rings [56] for the design of seg-
ments with fibre-reinforced concrete, the regulations 
have been specifically expanded and adapted to the 
special boundary conditions of tunnel construction. 
The combination of fibre-reinforced segments with 
innovative concrete enables significant CO2 savings.

Regardless of this, initial projects have succeed-
ed in partially automating the production of conven-
tionally reinforced segments, thereby optimising the 
production process [57]. Automated process steps 
using industrial robots allow steel to be minimised. 
This requires high precision in the positioning of the 
reinforcement cage. Targeted savings in steel are also 
made possible through standardised welding pro-
cesses. The combination of automated processes and 
innovative design creates the conditions for signifi-
cant CO2 savings. 

In addition, digitalisation in tunnel construction 
opens up numerous opportunities for optimisation 
and the use of innovative AI methods for production 
control (drilling rigs, automated segmental lining, 
etc.).

4.5.1.4	 Efficient construction processes and 
logistics

Due to their scope and complexity, tunnel construc-
tion projects often extend over periods of several 
years. This also offers opportunities for establishing 
sustainable and resource-saving construction pro-
cesses through the appropriate installations at the 
construction site. 

This begins, for example, with the general con-
struction site setup by installing photovoltaic el-
ements on the container systems, controlling the 
construction site lighting using motion detectors, or 
using energy-saving LED spotlights. The clever instal-
lation of tyre washing systems, spraying systems for 
dust reduction or conveyor belts for material trans-
port not only meets the increased requirements for 
the reduction of emissions, but also reduces the costs 
for street cleaning and the number of truck journeys.

Particularly in the field of mechanised tunnelling, 
special emphasis is placed on the energy-efficient de-
sign and conception of TBMs, separation and convey-
or systems as well as logistics, primarily for economic 
reasons. This can be reinforced, for example, by using 
intelligent agitator controls for bentonite prepara-
tion/storage or sensor-controlled spraying systems. 

Another option is to reuse the water generated 
by tunnelling and construction sites. In one project, 
for example, the water treatment plant was designed 
and set up in such a way that the purified construc-
tion water was fed back into a storage tank for reuse 

instead of being discharged into the receiving water-
course. This reduced the consumption of fresh water 
by over 30 % over the duration of this tunnel con-
struction project.

4.5.2	 Resource Management

4.5.2.1	 Preliminary Remark
In recent years, the topic of resource efficiency has 
also gained increasing importance in the construc-
tion industry. Tunnel projects play a special role in 
this context, as large quantities of excavated material 
are concentrated in terms of time and location, and 
any excavated material that leaves the construction 
site must currently be declared as waste due to le-
gal requirements. Making sensible use of this mate-
rial, i.e., integrating it into a resource-efficient circu-
lar economy in line with global sustainability goal 12 

“Responsible consumption and production”, is one of 
the major challenges currently facing the tunnel con-
struction industry (Figure 4-3). 

Given the particular relevance of this topic, the 
DAUB published a “Recommendation on the recy-
cling of tunnel excavation material” [3] in 2024. For 
this reason, only a few key points are presented in 
these recommendations.

4.5.2.2	 Legal basis
An essential legal basis in Germany is the Circular 
Economy Act (KrWG), which transposes the EU Waste 
Framework Directive (2008/98/EC, AbfRRL) into Ger-
man law. According to § 1, the promotion of the cir-
cular economy is intended to conserve natural re-
sources and ensure the environmentally sound waste 
management. In this context, pursuant to § 7 and 
§ 8, a hierarchy of measures must be observed that 

Figure 4‑3   Waste hierarchy according to [69]
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best ensures the protection of people and the envi-
ronment in the generation and management of waste, 
taking into account the principles of precaution and 
sustainability. The technical feasibility, economic rea-
sonableness and social consequences of the measure 
must be taken into account.

The so-called “Mantelverordnung” (Ordinance on 
the Introduction of a Substitute Building Materials Or-
dinance, the Revision of the Federal Soil Protection 
and Contaminated Sites Ordinance and the Amend-
ment of the Landfill Ordinance and the Commercial 
Waste Ordinance) has been in force since August 1, 
2023. The core of the Mantelverordnung is the intro-
duction of a Substitute Building Materials Ordinance 
(EBV) and the revision of the Federal Soil Protection 
and Contaminated Sites Ordinance (BBodSchV). 

These ordinances specify legally binding require-
ments for the recycling of mineral waste and substi-
tute building materials that apply uniformly through-
out Germany. Mineral substitute building materials 
within the scope of the ordinance include, among 
others, recycled building materials from construc-
tion and demolition work or soil material, including 
tunnel excavation material. They replace the previous 
technical rules and decrees, some of which differed at 
state level. The “LAGA classification values”, frequent-
ly used in practice to assess the recyclability of min-
eral construction waste, are largely losing their sig-
nificance. The Landfill Ordinance (DepV) supplements 
the requirements of the Substitute Building Materials 
Ordinance if the material cannot be recycled due to 
excessive pollutant contamination and must be dis-
posed of (e.g., in a landfill).

The EBV regulates in particular the conditions un-
der which mineral substitute building materials may 
be used in technical structures. On the one hand, this 
ordinance specifies how substitute building materials 
are to be produced and classified. On the other hand, 
it contains so-called installation tables, which show 
in which installation methods of a technical structure 
(e.g., dam or embankment) the respective classified 
mineral substitute building material may be installed. 
For the classification of the tunnel excavation material 
within the meaning of the KrWG and the Mantelver-
ordnung, it must be sampled in a pure and represent-
ative manner.

4.5.2.3	 Planning
In the current standard planning phases for under-
ground structures up to the planning approval stage, 
the recycling of excavated material is usually given 
only a secondary level of attention. In order to find 
the preferred solution, a basic choice is made between 
“cut or tunnel”, but the criteria only partially cover the 
actual consequences. Often, it is only during the ten-
der planning phase that in-depth considerations re-

garding material management are made. However, it 
is easiest to aim for optimal mass balance during the 
planning phase by selecting the elevation profile of 
the route, taking into account the topography, so that 
the excavation volumes are kept as low as possible 
and can be reused within the construction lot as far 
as possible.

Even if the tunnelling and process technology have 
usually not yet been determined at the time of the 
preparing the geotechnical report and project-spe-
cific knowledge regarding the construction site set-
up or material storage is lacking, possible changes in 
properties must be described. It should also be borne 
in mind that, in order to assess suitability for use by 
industrial sectors (e.g., clayey material for brick pro-
duction), additional investigations may sometimes 
be necessary, such as determination of the mineral 
phases by means of X-ray diffraction (XRD analysis). 
Furthermore, depending on the expected soil or ex-
cavation material properties, the effects resulting 
from geogenic, anthropogenic and tunnelling-related 
contamination (e.g., enrichment with chemical or clay 
components for conditioning the support and lubri-
cating fluids, especially bentonite, in mechanised tun-
nelling with a fluid-supported working face) must be 
described exhaustively and specified at the latest in 
the tender documentation.

4.5.2.4	 Execution
Not only in planning, but also and above all in execu-
tion, new challenges will arise in the future for both 
the contractor and the client. At least the following 
points are to be considered decisive:
�� Space requirements

�� Transport routes

�� Delivery Reliability

�� Variable material properties

Space requirements
Particularly if external recycling is to take place outside 
the tunnel construction project, it is usually necessary 
to create extensive temporary storage facilities. After 
all, tunnel construction projects are characterised by 
the fact that large quantities of excavated material are 
concentrated in terms of time and space. Even if an 
industrial company has been identified that can use 
a large proportion of the excavated material for the 
manufacture of its products, the material flow from 
the tunnel construction site must be buffered on the 
one hand and the properties of the material must be 
quality assured, on the other. This requires additional 
temporary storage, sampling, handling and material 
processing areas.
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Transport routes
The extent to which tunnel excavation material can 
actually be recycled is largely determined by the loca-
tion of the tunnel construction site and the potential 
recycling sites in the vicinity. After all, the econom-
ic viability of using raw materials with a low specific 
value [EUR/t] - which undoubtedly applies to tunnel 
excavation material - is significantly influenced by the 
transport costs. Thus, transport connections (road, 
rail, water) also play a role that should not be under-
estimated in terms of the prices that can be achieved 
on the market. According to evaluations by Resch 
[45], different transport distances can be assumed for 
different recycling options, within which recycling is 
usually economically feasible. In the planning phase, 
it therefore makes sense to carry out a project-specif-
ic review of recycling options within a radius of 100 
km. In the case of transport by ship or rail, longer 
transport distances may also be economically viable 
under certain circumstances.

Security of supply
Particularly when it comes to the external recycling of 
excavated material, it is not only the price that plays 
an important role; the issue of “ supply chain security” 
is also becoming increasingly relevant. It is not only 
important that producers (supply) and recyclers (de-
mand) agree on the total quantity to be delivered, but 
especially in the case of high-quality ecological recy-
cling (i.e., raw material substitution), a certain quantity 
must usually be actually available at a certain point 
in time.

Variable material properties
The original, undisturbed soil or rock is subjected to 
varying degrees of change during tunnelling work, 
whether mechanical (e.g., transformation to paste or 
crushing or chemical (e.g., contamination with ben-
tonite or explosives and shotcrete rebound). The 
construction contract should stipulate that the max-
imum level of change and contamination typical for 
the process is not exceeded; to this end, geotechnical 
properties and chemical parameters to be complied 
with must be defined. However, it should also be not-
ed that no excessive demands should be made that 
would only be achievable at disproportionately high 
effort and would therefore no longer be economically 
viable.

4.5.2.5	 Classification of usability
All parties involved in construction should agree that 
adequate recycling of the materials produced is es-
sential for an optimal material cycle. For example, 

“high-quality” concrete demolition material should be 
used as aggregate, while tunnel excavation material 
can certainly be used for frost protection. 

In tunnel construction, it must also be ensured 
that suitable excavated material, such as, for example, 
gravel or hard rock, which can certainly be used as 
aggregate in concrete, is actually used as a raw ma-
terial substitute. Even if the KrWG generally aims to 
conserve natural resources, technical possibilities and 
economic feasibility must be taken into account, so 
there is no need for “recycling at any price“.

Those excavated materials that can be recycled 
within the project or are assessed as “potentially re-
cyclable for the circular economy” (external recycling) 
are subject to a more in-depth consideration, taking 
into account the local market situation. Based on the 
proposal in [46] and the waste hierarchy according to 
KrWG, it is appropriate to divide these materials into 
different groups:
�� Group 1: Substitution of raw materials
Group 1 covers the recycling of excavated material 
within and outside the project or in industrial sec-
tors that would otherwise use other raw material 
sources. As shown in [45], there are many different 
recycling options for tunnel excavation material 
from solid and loose rock:
-- Aggregate for concrete,

-- Aggregate for base courses,

-- Aggregate for asphalt mix,

-- Railway ballast,

-- Brick clay, loam,

-- Limestone as an industrial raw material.
�� Group 2: Use as soil in earthworks and traffic route 
construction
Group 2 covers the use for earthworks and traffic 
route construction purposes within and outside the 
project. This includes, for example, aggregates for 
embankments, for base courses without binders 
and noise barriers. For classification in this usa-
bility group, it is irrelevant whether use is possib-
le without further modification of the material or 
whether processing measures for are necessary.

�� Group 3: Optional use as soil in earthworks
If a project involves large quantities of excavated 
material that cannot be recycled in accordance with 
Group 1 or 2, this material is often incorporated 
into earthworks or landscaping projects or used to 
fill old gravel pits or quarries, so the excess material 
does not have to be disposed of.

4.5.2.6	 Current developments
Soil exchanges are positive examples of active re-
source conservation. The idea behind such soil ex-
changes is to market excavated material from tunnel 
construction as well as soil excavated from above 
ground infrastructure construction, such as gravel, 
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sand, clay and natural stone in an economically viable 
manner. The aim is not only to conserve natural re-
sources in line with the circular economy, but also to 
significantly reduce construction costs in some cases. 
After all, up to 15 % (sometimes up to 25 %) of con-
struction costs are often attributable to the disposal 
of the excavated material. Soil exchanges offer availa-
ble material on digital platforms, specifying the char-
acteristics that are relevant for recycling, and provide 
support for various process steps, from marketing 
checks to assess the material’s potential, to assisting 
with official approvals, to logistics planning for trans-
port by rail, water or road to the customer.

4.5.3	 Promoting Biodiversity
Flora and fauna ecosystems are highly susceptible to 
external influences such as land sealing, environmen-
tal pollution or climate change and are therefore at 
serious risk. During both the construction and oper-
ational phases, it is therefore important to avoid the 
impact of our infrastructure on plants and animals 
and their habitats as much as possible or to limit it 
to the necessary minimum. The unavoidable impact 
of our structures on biodiversity must be offset as far 
as possible by compensatory measures, so that both 
humans and flora and fauna benefit from the project.

Especially in urban areas, the creation of additional 
green spaces has a significant impact on biodiversity. 
The well-being of humans and nature is significantly 
influenced by plants and their ecosystem services, e.g., 
by providing shade, humidifying the air or providing 
an attractive environment for leisure and recreation. 
For this reason, generously dimensioned traffic areas 
should be reduced and at least partially unsealed [59]. 
Thus, it is also part of the EU Biodiversity Strategy for 
2030 to curb land consumption and restore soil eco-
systems [60]. The reclamation of green spaces, as has 
been done in Stuttgart, for example, with the lowering 
of the long-distance and local transport network, has 
a positive effect on urban biodiversity.

Linear transport infrastructures (roads or railways) 
in particular have numerous negative effects on bio-
diversity through the fragmentation of habitats and 
habitat networks [62]. When planning new linear in-
frastructure or expanding existing infrastructures, it 
is necessary to preserve existing connections in such 
a way that populations can colonise and recolonise 
habitats in sufficient numbers and sufficiently often. 
Tunnel structures offer the possibility of passing under 
such habitats worthy of protection, thereby minimis-
ing any impact on habitats. This prevents the frag-
mentation of landscapes and disturbances to the en-
vironment, allowing habitats to remain undisturbed. 
In particular, tunnel structures with a length of 1,000 
m or more represent an interruption to fragmentation 
[63].

It is not always possible to avoid impacting flora 
and fauna. In such cases, compensatory measures 
offer the opportunity to compensate for or replace 
unavoidable interventions in terms of biodiversity. 
A flexible solution is the establishment of so-called 
eco-accounts, which, based on the precautionary 
principle, create compensation and replacement 
measures. In this way, advance measures can be used 
to compensate for future impacts in a temporally and 
spatially decoupled manner. The compensatory meas-
ures are subject to specific requirements with regard 
to the areas of impact, without which recognition is 
not possible [64]:
�� Improvement of biotope quality,

�� Creation of higher-quality biotope types,

�� Promotion of specific species,

�� Restoration of natural retention areas,

�� Restoration and improvement of soil functions,

�� Improvement of groundwater quality.

The current challenges lie in the forward-looking wil-
lingness to finance such measures with regard to con-
struction projects that have generally not yet been 
approved, even though their eligibility for approval 
often depends on proof of appropriate compensation 
and replacement measures.

A holistic view and assessment of all measures in 
terms of their sustainable impact, requires all sustain-
ability criteria to be comparable. Biodiversity must not 
be left out of this equation. However, biodiversity de-
fies simple description and quantification. Compared 
to other sustainability criteria, such as life cycle costs 
or a carbon footprint, its value is difficult to measure. 
Consistent systems that enable equal evaluation do 
not yet exist but should be a mandatory objective for 
future evaluation systems.

4.5.4	 Extending Service Life and Conversion

4.5.4.1	 Preliminary Remark
Underground structures in Germany are designed 
for a long technical service life, currently around 100 
years. Existing structures for all modes of transport 
are already showing significantly higher life expectan-
cies than initially assumed or predicted (Figure 3-3). 
Refurbishing and upgrading campaigns ensure that 
they subsequently meet current traffic, normative and 
regulatory requirements and can continue to serve ef-
ficiently for decades to come.

While the underground structures themselves have 
a very long service life, the built-in components do 
not. In underground tunnels and stations, mechanical 
equipment such as escalators must be replaced every 
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20 to 30 years. This equipment also includes ventila-
tion systems, lighting, track superstructure materials, 
switches or other electrical installations, depending 
on the use of the structure. However, the replacement 
of these built-in components always has a significant 
impact on the operation and capacity of the struc-
tures in question. Robust built-in components with a 
long service life are therefore preferable so that the 
entire system can be used without restrictions.

4.5.4.2	 Extending Service Life
Underground structures are inspected regularly. Dur-
ing these inspections, defects in the structure are re-
corded and the extent to which measures are nec-
essary is defined. These measures can generally be 
divided into maintenance measures or renewal. 

Repair work involves restoring the structure to its 
functional target condition through technical meas-
ures. If this is no longer possible, partial or complete 
renewal is necessary. In the case of complete refur-

bishment, the entire structure is restored in accord-
ance with all valid regulations. In the transport sector, 
requirements relating to cross-sectional design and 
the rescue concepts are particularly important, since, 
for example, the “old” railway tunnels usually require 
electrification and do not comply with current safety 
regulations. 

Here, decisions must always be made on a pro-
ject-specific basis as to what form of renewal is pos-
sible. The basis is always the type of traffic that is to 
be carried out after the renewal. Whether motorised 
private transport, rail transport or footpaths and cy-
cle paths, different requirements always apply here to 
the cross-section and the necessary installations.

In railway tunnels, it must also be considered 
whether the line is used exclusively for freight trains 
or for mixed traffic with both passenger and freight 
trains. In project-specific planning, the task often 
arises of adapting the profiles of the existing tunnels 
to today’s requirements (Figure 4-4). In this pro-

Rock Mass Cantenary

Natural-Stone
Tunnel Lining

Back�lling

Tracks (Rails and Sleepers)Track Ballast

Gauge for 
Freight Wagon
P/C 410

3,50 m

CantenaryRock Mass

Freight Waggon 
P/C 410

Removal of the
existing Tunnel
Lining

 

Temporary Tunnel
Support during
Construction

New Tunnel Lining
(Inner Lining)

Evacuation Route
for Train 
Passengers

 

Track, Slab Track for Tunnels
longer than 500 m

Tunnel Arch

Temporary Tunnel
Support during Construction
New Tunnel Lining
(Inner Lining)

Freight Waggon P/C 410

Evacuation Route
for Train 
Passengers

Cantenary

4,00 m

Track, Slab Track for Tunnels
longer than 500 m

Rock Mass

Freight 
Waggon
P/C 410

7

 
eingleisigen Tunnels

Rock Mass Cantenary

Temporary Tunnel Support
during Construction

New Tunnel Lining
(Inner Lining)

Evacuation Route for
Train Passengers

Track, Slab Track for Tunnels
longer than 500 m

Figure 4-4   Variants of tunnel widening [67]

Widening of an existing tunnel

Construction of an additional single‑line tunnel



November 2025 Page 39 of 78

Recommendations for Sustainability in Underground Construction – Part 1: Framework Conditions DAUB

cess, existing profiles can be widened using the tun-
nel-in-tunnel method (TiT) [66] or the existing tunnels 
can be widened for single-track operation that meets 
current requirements and supplemented with a sec-
ond new tunnel.

The basic idea behind the TiT concept is that rail-
way operations are maintained on a single track in the 
centre of the tunnel (Figure 4-5, right) while refur-
bishment work can be carried out at the same time 
with the aid of a so-called tunnel enlargement system 
(TAS, Figure 4-5, left). The TAS is continuously trans-
ported along with the tunnelling work. Examples of 
this are the refurbishment of the Petersberg Tunnel 
(reopened in 2019) or the Fachinger and Cramberger 
Tunnels, which were first put into operation in 1862. 
Construction of these two tunnels began in January 
2023, and commissioning is planned for 2027.

4.5.4.3	 Repurposing
However, there are also tunnel structures for which the 
original use has ceased. For many years, these tunnels 
have been filled in. In recent years, the focus has shift-
ed to considering repurposing options. The challenge 
here may lie in the fact that the change of use results 
in different operators and thus different ownership 

structures. These contractual arrangements and tran-
sitions often become the focus of discussion in this 
country and make it difficult to achieve the objective. 
Examples of the change of use of existing tunnels can 
be found in Appendix B.

5	 Project Assessment
5.1	 General Remarks

At the time of writing this recommendation, several 
sustainability rating models are already available na-
tionally and internationally or are currently being de-
veloped or refined. In some  cases existing approaches 
are being refined – for example, based on the so-called 
Standardised Assessment [74] –  or existing methods 
from high-rise or infrastructure construction are be-
ing adapted for tunnel construction – for example, in 
the form of the approaches of the German Sustaina-
ble Building Council (DGNB) [75]  or the BREEAM-In-
fra assessment model [76], which is frequently used 
internationally, especially in the Scandinavian region. 

Figure 4-5  Refurbishment of the Fachinger Tunnel: Interior view of the existing tunnel with tunnel enlargement  
system (left) and view of the portal (right); (Source: Porr)
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Furthermore, there are currently plans on the part of 
German clients to develop their own methods and 
procedures for sustainability assessment, with a view 
to prioritising aspects that are important for Germany 
and to have control over the methods used.

All these assessment models have advantages and 
disadvantages and/or – such as Standardised Assess-
ment (see Chapter 5.4.4, for example – were primar-
ily developed and implemented for specific modes 
of transport. However, none of these methods is cur-
rently designed specifically for use in underground 
structures, which has a negative impact in that the 
long service live of these structures and the result-
ing benefits for the structural, network-relevant and 
socio-cultural environment are not sufficiently taken 
into account. These and other points are underrep-
resented in all currently available assessment models, 
which must inevitably lead to misjudgements when 
applied to underground infrastructure.

Against this background and with a view to future 
developments, DAUB has decided to make recom-
mendations here on the selection of an assessment 
methodology, but not to favour one methodolo-
gy over another and thus effectively exclude others 
or even develop its own methodology. Given that 
Standardised Assessment (see Chapter 5.4.4) was 
designed for the public transport sector and, by defi-
nition, must be applied here, at least with regard to 
the economic aspects of a construction measure, it 
is hardly possible to make any further recommenda-
tions at this point. The following explanations should 
therefore be understood as guidance to help users 
to make the best choice of assessment method for 
their project and the associated challenges, taking 
into account the current status quo. Under certain 
circumstances, this may currently also mean that, for 
example, economic criteria of a project must be ex-
amined using a method such as Standardised Assess-
ment, while other aspects are considered with the aid 
of more advanced assessment procedures. The expla-
nations in this chapter also provide the basis for the 
analysis presented in the following Chapter 6 of the 
gaps in knowledge that still need to be filled in order 
to be able to consider underground structures appro-
priately and holistically.

5.2	 Theoretical Approaches to Project 
Assessment

5.2.1	 General Information on Sustainability 
Assessment of Underground Infrastructure 
Projects

As already explained in the previous chapters, there 
is international scientific consensus that sustainability 
in general should be represented by the three pillars 

of ecology, social issues and economics. In the field 
of ecology, the main aspects that come into play are 
those described in Chapters 3 and 4 of this recom-
mendation. With regard to the economic criteria, all 
costs incurred during the life cycle are taken into ac-
count. The focus is therefore on the life cycle costs 
of the structure, its economic efficiency and value 
stability. As also shown in the DAUB recommenda-
tions on determining life cycle costs for underground 
structures [2], the follow-up costs of underground 
structures can exceed their construction costs many 
times over, which is a significant distinguishing fea-
ture compared to other buildings and infrastructure. 
Given lifespans of 150 years and more, as can be 
observed particularly in the rail network, this creates 
enormous leverage in sustainability assessment, and 
this by no means exclusively related to economic as-
pects.

Social aspects of sustainability can largely be iden-
tified as soft factors and have only been quantified to 
a limited extent to date. In addition to the functionali-
ty of the structure, questions of aesthetics and design 
as well as aspects of health protection and comfort 
come to the fore.

On the one hand, underground infrastructure 
projects generate value in terms of the quality of life 
for users in the vicinity of the structures, for exam-
ple by relocating noisy and polluting traffic routes 
underground (e.g. lowering of the Rheinuferstraße in 
Düsseldorf, Figure 5-1). On the other hand, entire re-
gions can be structurally promoted and living condi-
tions improved by connecting them to the supra-re-
gional transport network (e.g. DB high-speed rail lines 
Cologne–Frankfurt, Wendlingen–Ulm, Berlin–Munich, 
Figure 5-2). A holistic sustainability assessment must 
integrate these effects on the benefits side, although 
it is difficult to offset these aspects against GHG emis-
sions.

In order to carry out the sustainability assessment 
of a specific object in a structured and reproducible 
manner, different assessment methods are current-
ly used both nationally and internationally. The basic 
structure of such approaches is always the same:
�� Based on a defined evaluation object, criteria are 
developed which characterise this object and at the 
same time represent the protection goals in terms 
of sustainability. 

�� Various indicators can then be assigned to each 
criterion to define and describe the respective cri-
terion in terms of its characteristics. For example, 
indicators such as “investment costs” or “operating 
costs” can be assigned to the criterion “life cycle 
costs”. 
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�� Taking into account the weighting of the criteria 
in the overall assessment, these individual assess-
ments can then be aggregated into criterion-relat-
ed assessments and subsequently into an overall 
assessment.

A sufficient level of expert knowledge is required to 
identify the relevant criteria and assign the relevant 
indicators to them. In addition, a global evaluation 
standard is needed to be able to classify the respecti-
ve characteristics of individual criteria. This applies in 
particular to the final overall assessment of the sus-
tainability of the respective object. Such a standard 
is commonly referred to as a “target system”. A key 
requirement for such a target system is that it should 
be complete, i.e. it must cover all relevant criteria and 

indicators. At the same time, impacts must not be re-
corded twice, which leads to the selectivity of the tar-
get system as a further requirement.
There are numerous certified assessment methods 

for sustainability issues worldwide, but all of them 
were developed with a focus on building construction 
or infrastructure construction. An uncritical application 
of such proprietary systems to underground construc-
tion is bound to cause problems, misinterpretations, 
and inadequate assessment criteria given the con-
straints involved. In particular, the enormous lifespans 
of underground structures mentioned above repre-
sent a key distinguishing feature in this regard. In ad-
dition, such assessment methods are sometimes very 
strongly oriented toward economic aspects, as this has 
been the main focus of development in the past. 

früher heute

Figure 5-1 Düsseldorf Rheinuferstraße in the past and today (Photos: Landeshauptstadt Düsseldorf/Stadtarchiv  
(left) and alamy (right))

formerly today

Figure 5-2   
Project VDE 8, ICE 
replaces air traffic 
on the Berlin– 
Munich route 
(Photo: Deutsche 
Bahn/Frank Barteld)
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For this reason, assessments that were carried out 
using methods developed for building construction 
or infrastructure construction should be viewed crit-
ically, at the very least. Consequently, there are cur-
rently various initiatives for the development of a 
tunnel-specific assessment system, but at the time of 
writing these recommendations, many of these initia-
tives have not yet been fully developed.

5.2.2	 Assessment Matrix for Underground Struc-
tures

As already indicated in the previous section, the diffi-
culty, especially in the case of underground structures, 
lies in the fact that the assessment of sustainability 
aspects represents a heterogeneous and multi-cri-
teria assessment situation. Clearly defined indicators 
– i.e. those that can be clearly quantified (e.g. invest-
ment costs of a measure) –must be weighed against 
vague indicators that can only be assessed qualita-
tively (e.g. improvement in the quality of life of users 
or the environment), especially since the latter often 
describe the key advantages of underground con-
struction. Here, care must be taken to ensure that the 
relevant criteria are assessed in their entirety. These 
premises give rise to structural requirements for the 
development of a specific assessment system for un-
derground structures:
�� Ideally, the assessment of sustainability aspects 
should be flexible enough to allow both quantifia-
ble and purely qualitative indicators to be classified 
equally.

�� Non-monetisable indicators should not be directly 
linked to monetisable ones, but rather aggregated 
independently for a particular decision. This enables 
transparency and traceability of the decision-mak-
ing process even at a later stage of consideration, 
for example in the context of a subsequent audit of 
the sustainability classification.

�� The presentation of the assessment must be clear 
and self-explanatory, for example in the form of a 
dynamic spreadsheet, so that classifications of dif-
ferent projects can be compared, are consistent and 
are carried out according to the same specifications.

�� Against the backdrop of the equal importance of 
all sustainability issues and the necessary transpar-
ency, the aim should be to give equal weighting 
to the individual assessment criteria in the form of 
an assessment matrix. Such an assessment matrix 
requires sufficient flexibility to respond to varying 
boundary conditions and to take these into account 
in the weighting process. For example, the Federal 
Transport Infrastructure Plan (BVWP) implements 
clear prioritisations of individual criteria. A sustain-
ability methodology that is also to be applied to the 

structures of the federal trunk road network must 
therefore be capable of arriving at the same results 
as the BVWP in specific cases.

�� An assessment matrix must be structured in such a 
way that, as the planning progresses, the sustaina-
bility assessment can also be updated without dis-
carding the previous results. This should allow for 
only certain areas to be addressed and evaluated 
in greater detail, with areas that will be subject to 
more detailed planning at a later date (in many cas-
es, the operational equipment used in underground 
construction) being integrated at a later stage once 
further information is available.

Various approaches can be formulated to meet the-
se requirements. For example, the a-priori definition 
of targets with corresponding degrees of fulfilment 
would be conceivable, or a structured combination 
of common assessment approaches. The following 
section therefore explains the basics of assessment 
methods that are already in use today in this or simi-
lar contexts.

5.3	 Fundamentals of Assessment 
Methods

5.3.1	 General
An assessment is understood to be a comparison of 
two situations that differ only in terms of the project 
under investigation or the measure to be applied (ce-
teris paribus condition). As a rule, this means that for 
an object to be assessed, there is a “with” and a “with-
out” case, whereby the effects of the respective meas-
ure on the overall result are assessed comparatively. 
The basis for such a comparison is usually the classic 
three-phase model of assessment:
�� Phase 1: The target system, which defines what is 
to be achieved with the projects/measures under 
consideration.

�� Phase 2: The indicators used as metrics for achiev-
ing the respective target.

�� Phase 3: The aggregation of the individual indica-
tor values using an assessment procedure, for ex-
ample a value synthesis procedure.

When it comes to objectives (Phase 1), a distinction 
must be made between performance objectives and 
impact objectives. A performance target is, for ex-
ample, a specified strength value for an inner lining 
that must be achieved technically. The impact targets 
based on this describe the effects at the end of the 
impact chain, e.g. CO2 emissions saved by switching 
from cement-bound to cement-free systems in con-
crete. 



November 2025 Page 43 of 78

Recommendations for Sustainability in Underground Construction – Part 1: Framework Conditions DAUB

Indicators are defined to “measure” the achieve-
ment of objectives (Phase 2). Their values can be 
collected or measured empirically ex post, after real-
isation of a project, and/or alternatively calculated or 
estimated ex ante on the basis of models or assump-
tions. The calculation of the indicators or their em-
pirical recording is referred to as impact assessment. 
When running the evaluation algorithms, it is impor-
tant to distinguish between:
�� Quantitative indicators (e.g. direct costs of a meas-
ure or its GHG balance)

�� Quantitative indicators for which values are availa-
ble (e.g. travel hours with an hourly rate/monetary 
value)

�� Qualitative indicators that can only be described 
verbally (e.g. beautification of the landscape by 
moving the infrastructure underground)

�� Qualitative indicators that can be converted into 
a points system (similar to the procedure used in 
qualitative risk analyses for construction projects)

Value synthesis methods (Phase 3) enable users to 
combine individual indicator values into an overall 
statement. The best-known value synthesis method 
is cost-benefit analysis (CBA), which is also used, for 
example, in Standardised Assessment. Other well-
known and important value synthesis methods are 
utility analysis (UA) and multi-criteria analysis. A de-
tailed description of the three-phase model can be 
found in [77].

Sustainability assessments can be carried out in 
various ways, whereby very often an assessment is 
not made by comparing two states of the same ob-
ject under consideration, but rather the classification 
is formulated taking into account a global standard. 
In this case, not only is a target system required at 
the level of the assessment criteria, but also a global 
assessment of how sustainability ultimately manifests 
itself. This can take the form of an aggregated assess-
ment figure, for example, which is then used to deter-
mine the classification with the aid of an assessment 
scale. This requires a comprehensible genesis of such 
an assessment scale.

5.3.2	 Cost-Benefit Analysis (CBA)
A cost-benefit analysis (CBA) compares all monetary 
costs of a project with the monetisable project con-
sequences (benefits) incurred by this project. In this 
way, all effects – including external costs and benefits 
– are monetised, i.e. expressed in monetary units. This 
requires the determination of monetary values for the 
partial effects available in quantitative form accord-
ing to the individual indicators. The CBA is the most 
widely used method for assessing the direct monetary 

and monetisable effects of a project and is often used 
to determine the economic efficiency of a project. By 
using ideally scientifically derived cost rates, the CBA 
does not require any weighting for the aggregation of 
the various indicators.

It is possible to carry out the assessment on the 
basis of a static or a dynamic analysis. In the case of 
a static CBA, only one specific year in the life cycle of 
the structure is considered, whereas in the case of a 
dynamic CBA, all time-varying costs and benefits as 
well as the later effects of the project are taken into 
account. Effects occurring later are discounted ac-
cordingly. Methods of life cycle cost calculation can 
be used for this purpose, as formulated by the DAUB 
in its corresponding recommendations [2]. 
A dynamic cost-benefit analysis therefore allows a 

much more reliable examination of the effects of a 
project than a static CBA, although the inherent un-
certainties in the system, primarily due to the some-
times long observation periods, must be taken into 
account.

Advantages and disadvantages of the CBA
The most important advantage of the CBA is the di-
rect comparability of different effects through the 
monetisation of the evaluation variables. Each effect 
is expressed directly in a measurable unit and can be 
compared with the object of comparison. At the same 
time, this advantage is also the greatest weakness of 
the CBA: variables that cannot be monetised or quan-
tified cannot be integrated into the analysis using this 
approach. Relying solely on the results of the CBA 
therefore leads to an incomplete project assessment, 
especially in the case of underground infrastructure 
structures with major socio-cultural impact. Anoth-
er disadvantage is that the requirement for monet-
isation means that even those impacts for which no 
market prices exist, or for which monetisation is pos-
sible but ethically problematic, are assessed in fiscal 
terms. A special case of this problem can be found in 
the monetisation of life, for example in the form of 
the reduction of accident victims through a measure. 
Nevertheless, the CBA is now widely accepted as an 
important part of project assessment and used ex-
tensively in many cases, for example in the course of 
Standardised Assessment.

5.3.3	 Utility Analysis (UA)
Utility analysis (UA) is a decision-making method that 
is often used to systematically evaluate and compare 
different courses of action. It is particularly useful 
when decisions should not be based on a single key 
figure (such as cost or profit), but several qualitative 
and quantitative criteria must be taken into account, 
i.e. also aspects that cannot be monetised or quan-
tified.
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As with the CBA, the first step is to identify and 
describe the various alternatives or options to be as-
sessed. Each alternative represents a possible solution 
or course of action and can be described by a list of 
criteria. These criteria are then used to assess the al-
ternatives. As a rule, each criterion is assigned a weight, 
which reflects its relative importance compared to the 
other criteria. The weighting can be determined by ex-
pert opinions, surveys or by a discursive method. In the 
course of the assessment, either quantified variables 
or qualitatively assessable aspects can be evaluated. 
While the quantitative assessment is similar in principle 
to the procedure used in the CBA, various concepts are 
used for the assessment of qualitative aspects. 

For each non-quantifiable criterion, a scale is de-
veloped on which the alternatives can be assessed. 
These scales can be nominal (categorical), ordinal 
(rank-based) or cardinal (metric). Cardinal scales allow 
for a detailed quantitative assessment via conversion, 
while ordinal and nominal scales remain qualitative 
assessments. In order to measure the achievement 
of objectives, a utility function is created for each 
non-quantifiable criterion, which measures the utility 
depending on the characteristics of the criteria. A ba-
sic distinction is made between three different types 
of utility functions:
�� Linear utility functions assume that utility increas-
es linearly with the characteristic of the criterion.

�� Non-linear utility functions are used when the 
utility does not increase linearly with the charac-
teristic of the criterion. This can be, for example, a 
convex or concave function that represents differ-
ent degrees of preference for certain values.

�� Discrete utility functions are also known, for ex-
ample, from qualitative risk analyses, whereby dis-
crete utility values can be assigned to qualitative 
criteria using a predefined scale (e.g. from “weak” 
to “strong” to “very strong”).

The alternatives are then assessed using the scales 
and utility functions developed. Each alternative is 
assigned a utility value for each criterion, which is cal-
culated using the corresponding utility function. The 
individual utility values of the criteria are then aggre-
gated to calculate an overall utility value for each al-
ternative. This is often done by a weighted sum of the 
utility values. After aggregating and evaluating the 
alternatives, a sensitivity analysis can be carried out 
to verify the robustness of the decision. This involves 
analysing how sensitive the results are to changes in 
the weightings and utility functions. The alternative 
with the highest overall utility value is identified as 
the best choice. This decision can then be further 
supported by qualitative considerations or additional 
analyses.

Advantages and disadvantages of the UA
UA offers a structured and comprehensible approach 
to evaluating and selecting alternatives. Its great ad-
vantage lies in ability to take both qualitative and 
quantitative criteria into account, which makes de-
cision-making more comprehensive and realistic. By 
explicitly presenting the assessment criteria and their 
weighting, the decision-making process becomes 
transparent and comprehensible and, with sufficient 
documentation, can also be retraced at a later date. 
The method is flexible and can be adapted to different 
decision-making situations and contexts. In addition, 
UA is well suited for group decisions, as it promotes 
discussion and consensus-building and assessments 
can be aggregated and carried out consensually.

However, the assessment of the alternatives and 
the weighting of the criteria are often subjective and 
can be influenced by the personal preferences of the 
decision-makers. In addition, conducting a UA is very 
time-consuming and often involves resource-inten-
sive processes for the assessor. This particularly true 
when there are many criteria and alternatives to con-
sider, which makes it difficult to handle and also re-
quires a wide range of skills in order to correctly assess 
criteria that are primarily qualitative in nature. Since 
the development of rating scales and utility functions 
is often based on empirical processes and so-called 
expert knowledge, it can also be difficult for outsid-
ers to scale and compare the assessments of the dif-
ferent criteria in a meaningful way. Basically, here too, 
the quality of the assessment depends heavily on the 
availability and reliability of the data on which it is 
based and which is used to assess the alternatives.

5.3.4	 Multi Criteria Methods
Multi criteria decision making (MCDM) methods 
are methods for supporting decision-making that 
take into account several, often contradictory, crite-
ria. These methods are particularly useful in complex 
decision-making situations in which both qualitative 
and quantitative factors play a role. Multi-criteria de-
cision-making systems can basically be divided into 
two groups: multi-objective methods and multi-at-
tribute methods.

Multi objective methods (multi objective decision 
making, MODM) primarily deal with problems whose 
solution space is continuous. This means that these 
are problems with several specified objectives that 
must be achieved while complying with restrictions. 
For this reason, these decisions are often solved with 
the help of linear programming. 

In comparison, the solution space in multi attrib-
ute decision making (MADM) methods is discrete, i.e. 
a goal is pursued on the basis of a defined number 
of attributes. There are numerous methods that can 
be used for MADM problems. One way of classifying 



November 2025 Page 45 of 78

Recommendations for Sustainability in Underground Construction – Part 1: Framework Conditions DAUB

them is based on the degree of information to the de-
cisionmaker. Figure 5-3 below provides an overview 
of the various methods.

The utility analysis already explained also belongs 
to the MADM methods in a broader sense. The princi-
ples formulated in Chapter 5.3.3 therefore also apply 
to the MADM methods. All of these methods require 
that the decision-maker has a clear idea about the util-
ity and weighting of criteria characteristics and how 
these are to be interpreted in a decision-making pro-
cess. In contrast to the MADM methods mentioned 
above, outranking methods are based on the assump-
tion that it is not possible for the decision-maker to 
define his preferences with regard to the criteria at 
the outset. The decision-making process generates a 
structure for the decision-making situation. The result 
is that, in most cases, a larger selection of suitable 
alternatives for action is generated, so that it is not 
necessarily possible to identify only one optimal al-
ternative.

Advantages and disadvantages of multi criteria 
methods
The explicit presentation and weighting of the crite-
ria make the decision-making process transparent 
and comprehensible. This facilitates communication 
and justification of the decision or the assessment re-
sult. MADM methods are particularly well suited for 
complex decision-making and assessment problems 
where several factors must be taken into account. The 
methods can be adapted to different assessment and 
decision-making contexts as well as specific require-

ments, whereby different MADM techniques can be 
used as needed. Some MADM methods – such as the 
Analytical Hierarchy Process – can take into account 
uncertainties and ambiguities in the data and pref-
erences of the assessment, which increases the ro-
bustness of the decision-making. In principle, these 
methods are therefore a good basis for dealing with 
complex assessment situations and arriving at strin-
gent decisions and assessment results.

The disadvantages of these methods lie primarily 
in their complexity, which increases disproportionate-
ly, especially when there are a large number of alter-
natives and criteria. This often results in the need for 
extensive data analysis and modelling, combined with 
the corresponding effort for the person performing 
the task. The selection, weighting and assessment of 
the criteria are also subject to a high degree of sub-
jectivity and are often influenced by the personal pref-
erences and assessments of the evaluator. The appli-
cation of MCDM also often requires specific expertise 
and experience in the methodology, which may re-
quire additional training and resources.

5.4	 Potential Assessment Methods for 
Underground Infrastructure

5.4.1	 General 
The following section presents a selection of sustain-
ability assessment methods that are currently in use 
or under development. This is a heterogeneous se-
lection of methodological approaches, each with its 
own advantages and disadvantages in terms of ap-

Multi Criteria Decision Making (MCDM)

Multi Attribute Decision Making (MADM) Multi Objective Decision Making (MODM)

Outranking or 
Prevalence Methods

Promethee Method

Electre Method

Multi Criteria 
Evaluation Methods

Benefit Analysis

Analytic Hierarchy 
Process

Multi Attribute 
Benefit Theory

Utility Maximization

Lexicographic Ordering

Goal Programming

Figure 5-3  Multi criteria decision making methods in the assessment of alternatives [70]
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plication. The basic idea behind the methodology is 
presented and the advantages and disadvantages of 
its application are formulated from the DAUB’s per-
spective. Finally, a classification is made with regard 
to the theoretical principles of assessment methods 
(cf. Chapter 5.4.8).

5.4.2	 BREEAM Infrastructure
BREEAM Infrastructure, formerly known as CEEQUAL 
(Civil Engineering Environmental Quality Assessment 
and Award Scheme), is an assessment and certifica-
tion system for sustainable infrastructure projects and 
is distributed by the BRE Group. BREEAM stands for 
Building Research Establishment Environmental As-
sessment Method and is one of the world’s leading 
sustainability assessment systems, which is currently 
also used in the field of underground construction, 
primarily in Scandinavia and English-speaking coun-
tries. BREEAM Infrastructure is aimed specifically at 
infrastructure projects such as roads, bridges, tunnels, 
hydraulic structures, energy infrastructure and other 
large-scale civil infrastructure projects. 

It assesses the sustainability performance of infra-
structure projects in various phases, from planning 
and design to construction and operation. The system 
developed for this purpose comprises 8 criteria and 
221 associated indicators from the three sustainabil-
ity pillars, which are included in the assessment with 
a specified weighting in the overall result and a pre-
defined maximum number of points (credits) that can 
be achieved per criterion by the project. The number 
of credits is based on the performance of the project 
against predefined standards and is determined by 
the respective evaluator – who has been trained in 
the application of the algorithm by BREEAM.

In total, taking into account the prioritisation of the 
individual criteria, this results in an overall assessment 
based on a predefined assessment scale. The criteria 
and indicators are defined a priori by BRE, as is the 
prioritisation of the individual criteria and indicators 
among themselves. In addition, BRE provides the cor-
responding points system and formulates the corre-
sponding certification levels, which range from “Pass” 
to “Good”, “Very Good” and “Excellent” to “Outstand-
ing”. The assessment algorithm is based on the basic 
principles of a utility analysis, as the assessments per 
indicator are converted into points using predefined 
utility functions, resulting in a final assessment of the 
entire project via an aggregated discrete point value.

Advantages and disadvantages of the methodology
In principle, the BREEAM system helps to integrate 
sustainability principles into the planning and con-
struction process, which can lead to more environ-

mentally friendly and socially compatible infrastruc-
ture. In Norway, BREEAM is sometimes used as a 
project management methodology to optimise the 
sustainability of the project during the design and 
construction phase, for example by changing the de-
sign or replacing materials. By taking a wide range 
of sustainability criteria into account, projects can 
theoretically gain in quality and be made more eco-
nomical and resource-efficient in the long term. The 
structured assessment process and the clear criteria 
promote transparency in project assessment. The less 
flexible contractual structures in Germany do not al-
low this approach to be implemented immediately.

BREEAM Infrastructure certification involves con-
siderable costs and administrative effort, especially 
for smaller projects. The application of the assess-
ment methodology requires a high level of expertise 
and experience, which may necessitate training and 
specialised consultants. To this end, BRE trains certi-
fied evaluators, who are trained in the application of 
the methodology in internal courses. Despite stand-
ardised criteria, subjective interpretations may arise 
during the assessment, which could impair the com-
parability and consistency of the results. Furthermore, 
it is not clear whether the defined standards and the 
associated utility functions can be readily transferred 
to, for example, German-speaking countries. 

In general, the assessment process and the com-
pilation of the respective criteria are rather opaque 
to outsiders, as there is no description of the indica-
tors and the origin of the stored utility functions is 
not documented. It should also be considered that 
although BREEAM Infrastructure is already used for 
tunnels, it was actually developed for bridges and 
other infrastructure structures and therefore does not 
fully reflect the tunnel-specific constraints of sustain-
ability assessment.

5.4.3	 Envision
Envision is a comprehensive assessment system de-
veloped by the Institute for Sustainable Infrastructure 
(ISI) in the USA to measure and promote the sustain-
ability of infrastructure projects. Since its introduction 
in 2012, the third version of this assessment method 
is now available. It is designed to help review evaluate 
and improve large infrastructure projects in the areas 
of transport, water, energy and waste management in 
particular. The procedure follows a clearly structured 
evaluation process, with the methodology designed 
to allow flexible adaptation to different project phases 
and requirements. Projects can choose between two 
evaluation paths: Path A (planning and follow-up) or 
Path B (follow-up). The division into these two paths 
theoretically facilitates the integration of the system 
into different project phases.
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The assessment and evaluation are based on five 
criteria that are intended to cover the various dimen-
sions of sustainability and are or can be themselves 
underpinned by various subcategories or indicators. 
The criteria are weighted differently in the determina-
tion of the overall result, with “Nature” accounting for 
the largest share at 23.2 %. These are the following 
variables (their share in the weighting of the overall 
result is shown in brackets):
�� Quality of Life (20 %)

�� Leadership (8.2 %)

�� Resource distribution (19.6 %)

�� Nature (23.2 %)

�� Climate and Resilience (19 %)

The Envisions assessment methodology defines target 
values, the achievement of which is measured by the 
respective evaluator using a points system. Similar to 
the BREEAM approach, target achievement values can 
be determined across all categories and finally aggre-
gated into an overall assessment of the project, whe-
reby no discrete numerical values from the project 
are used directly but are transformed into qualitative 
variables by the evaluator using the target functions. 
In the context of a final assessment, a certificate can 
then be obtained for the project, with four so-called 
“award levels” achievable, from “Verified” to “Plati-
num”, as the best possible certificate from a target 
achievement rate of 50 %.

Advantages and disadvantages of the methodology
In theory, the Envision Framework promotes the in-
tegration of sustainability principles throughout the 
entire life cycle of infrastructure projects – from plan-
ning and construction to operation and maintenance. 
It covers a wide range of aspects based on the three 
pillars of sustainability and promotes an integrated 
approach to ecological, social and economic objec-
tives. The framework also helps, when applied in a 
concerted manner, to reduce environmental impacts 
through strategies such as resource conservation, 
waste reduction and the protection of ecosystems. 
By also taking into account social dimensions such as 
job creation and improving the quality of life in the 
community, it helps to maximise the social benefits of 
infrastructure projects. 

In contrast to BREEAM, which was explicitly devel-
oped for ex-post assessments, Envision can also be 
used to carry out ex-ante assessments, although the 
application of the framework generates additional 
costs and greater administrative effort. This applies 
both in the planning phase and during the implemen-
tation of the project: certified evaluators trained by 
the ISI must be commissioned for this purpose.

Envision was also not explicitly developed for the 
boundary conditions of underground construction 
and may therefore sometimes cause adaptation prob-
lems, especially given the long lifespan of the struc-
tures. As with BREEAM, the stored benefit functions 
and the threshold values corresponding to the assess-
ments of the criteria are not transparent and therefore 
not comprehensible. This also applies to the basis for 
weighting the criteria.

5.4.4	 Standardised Assessment
Standardised Assessment is a procedure for the uni-
form and transparent assessment of projects in the 
public transport sector, in particular infrastructure 
projects such as the construction of new railway lines 
or the improvement of existing transport systems. In 
Germany, Standardised Assessment is mainly used in 
the context of local public transport to determine the 
economic viability and eligibility of projects for fund-
ing. Its main features lie, on the one hand, in the use 
of a defined assessment procedure based on uniform 
criteria. This enables a comparable assessment of dif-
ferent projects. On the other hand, Standardised As-
sessment focuses on a cost-benefit analysis, whereby 
the monetary and non-monetary costs of a project 
are weighed against the expected benefits. 

Since Standardised Assessment was not primarily 
developed to evaluate the sustainability of a project, 
the focus is primarily on criteria that describe the ef-
fectiveness of urban local public transport, such as 
travel time savings, operating costs, environmental 
impacts, safety, spatial planning or aspects of urban 
development. The result of the assessment is ex-
pressed in a benefit-cost indicator (BCI). A BCI greater 
than 1 means that the expected benefits exceed the 
costs and the project is economically viable.

Advantages and disadvantages of the methodology
The Standardised Assessment method is an estab-
lished assessment procedure that has been gradually 
refined over the years and is indispensable, especial-
ly in the area of assessing the economic aspects of 
public transport projects. This results in a number of 
advantages for the user or the client: Since the pro-
cedures for data collection and recording are well 
known and widely used, and therefore do not repre-
sent anything new, this is a reliable methodology that 
produces comprehensible and transparent results. In 
addition, the large number of economic criteria en-
sures a comprehensive view of the project.

However, with regard to the holistic assessment 
of sustainability aspects, some weaknesses in the 
methodology inherent in the system can be identi-
fied. On the one hand, the criteria are designed for 
the assessment of public transport projects and the 
corresponding monetisation methods have been de-
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veloped accordingly. For this reason, transferability 
to other modes of transport, in particular to road in-
frastructure projects, is problematic at this stage. In 
addition, the focus of the Standardised Assessment is 
on the economic criteria of the project, which is not 
considered sufficient, especially with regard to tunnel 
construction and its sustainability assessment.

5.4.5	 Methodology of the German Sustainable 
Building Council (DGNB)

The German Sustainable Building Council (DGNB) has 
developed a comprehensive and recognised certifica-
tion system for assessing and promoting the sustain-
ability of buildings and neighbourhoods. Work is cur-
rently underway to extend the validity of the system to 
infrastructure projects in general and tunnel projects 
in particular. The DGNB system is characterised by a 
holistic view of all essential sustainability aspects and 
offers flexible application to different building types 
and construction projects. In addition to the sustaina-
bility assessment based on the three main dimensions 
of ecological, economic and socio-cultural or func-
tional quality, the technical quality, process quality 
and location of the construction project are also taken 
into account. The methodology used is based on mul-
ti-criteria assessments of the respective pillars, where-
by here, too, in the sense of a scoring system, degrees 
of fulfilment are defined by stored utility functions, 
which can then be aggregated to form an overall as-
sessment of the project. DGNB certification is awarded 
in four levels, based on the total score achieved:
�� Platinum: Highest award, for projects with a very 
high total score

�� Gold: High total score, very good fulfilment of the 
criteria

�� Silver: Good fulfilment of the criteria

�� Bronze: Basic fulfilment of the criteria

The DGNB trains so-called auditors to carry out the 
assessment. These define the necessary scope of data 
to be procured for the project participants and then 
check the provided documents for completeness and 
coherence and carry out the assessment using the 
DGNB methodology. The DGNB provides software 
solutions for data collection, which are designed to 
standardise data collection and simplify it for those 
involved in the project.

Advantages and disadvantages of the methodology
The DGNB methodology has proven itself in a large 
number of applications and represents a tried-and-
tested, functional assessment procedure for sustain-
ability assessment. As at the time of writing this rec-
ommendation the development of the assessment 

methodology for infrastructure buildings, and in 
particular for tunnels, is still under development, only 
a vague assessment of its advantages and disadvan-
tages can be made at present. It will be particularly 
important here to also integrate the benefits of un-
derground structures into the assessment, as this is 
where the greatest asset for clients and users lies in 
terms of the building’s life cycle.

5.4.6	 Methodology of the Swiss Sustainable 
Building Standard (SNBS)

The sustainability assessment system “Swiss Sustain-
able Building Standard (SNBS) – Infrastructure” is a 
comprehensive assessment tool that was developed 
by the Swiss Sustainable Building Network to pro-
mote sustainable construction in Switzerland. It was 
based on the system developed for building con-
struction and further developed for infrastructure 
construction and takes equal account of ecological, 
economic and social aspects for a holistic assessment 
of construction projects. To this end, the SNBS uses 
a detailed catalogue of criteria that defines specific 
requirements and assessment standards for each cri-
terion in the three dimensions. Based on the meth-
odological approach of a classic utility analysis, each 
criterion is assessed based on stored utility functions 
with points and the total score of a project is ulti-
mately aggregated from the sum of the points in all 
criteria. A minimum score must be achieved in each 
dimension for the project to be considered sustaina-
ble overall. 

Due to its modular structure, the SNBS can be 
adapted to different types of construction projects 
(e.g. buildings, infrastructure, etc.) thus enabling flex-
ible application of the system. During the assessment, 
data on the individual criteria is collected and ana-
lysed, whereby, in addition to traditionally available 
data such as energy consumption, material selection 
or construction costs, user surveys and their results 
can also be integrated. Based on the collected data, 
each criterion is then assessed, and the correspond-
ing points are awarded. The assessment is carried 
out according to defined standards and benchmarks, 
which are clearly presented in the respective descrip-
tion of the corresponding criterion. The total score 
and the achievement of the minimum requirements 
in each dimension ultimately determine the sustain-
ability level of the project. Successful projects receive 
corresponding certification according to the SNBS.

Advantages and disadvantages of the methodology
With its methodology, the NNBS presents a very ma-
ture and easy-to-use methodology, that is particular-
ly impressive due to the completeness of the criteria 
across all pillars of sustainability. Extensive docu-
mentation describing the criteria is available, which, 
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in addition to the assessment of sustainability, also 
contains a clear description of the requirements of the 
criterion or the indicator. In addition, the description 
of the criteria also shows the extent to which and for 
which area the respective criterion applies, for exam-
ple with regard to the phase of the life cycle of the 
structure for which the criterion is valid.

One disadvantage of the method is that, for exam-
ple, in terms of economic aspects, the actual costs of 
the project are not taken into account, but only the 
question of whether and to what extent, for example, 
life cycle costs for the project are levied. For exam-
ple, if such a survey is carried out, this is considered 
positive, regardless of the actual amount of the life 
cycle costs. In general, all criteria are assessed using 
a three-stage assessment scheme. Against this back-
ground, improvements within the planning can only 
be reflected to a limited extent and do not consist-
ently lead to an assessment that differs from the orig-
inal assessment.

5.4.7	 Sustainability Indicators for Road Infra-
structure Projects (NISTRA)

NISTRA was developed by the Swiss Federal Roads Of-
fice (ASTRA) and is tool designed to enable the assess-
ment of road infrastructure projects taking sustaina-
bility goals into account. NISTRA assesses a project on 
the basis of 42 pre-selected indicators from the areas 
of direct costs, traffic quality, safety, urban develop-
ment, the environment, and realisation and coherence. 
Some of these indicators are monetised in Swiss francs, 
while others are quantified via target functions and 
converted into effectiveness points. However, some of 
the indicators remain purely qualitative and are con-
verted and presented using specific scales.

NISTRA thus maps the sustainability assessment 
using a mixed calculation, combining a cost-ben-
efit analysis with a cost-effectiveness analysis and a 
qualitative analysis. The individual assessments thus 
remain largely in their units or are consistently con-
verted to such units and not aggregated into a single 
assessment figure. The aim here is to highlight con-
flicts of interest and thus to provide decision-makers 
with a basis that can be used for the political deliber-
ation process. 

The NISTRA assessment method and the associat-
ed Excel calculation file (eNISTRA) have been used by 
ASTRA since 2003 for major construction and expan-
sion projects on national and main roads – since 2023 
in the latest version, NISTRA 2022.

Advantages and disadvantages of the methodology
NISTRA enables a comprehensive assessment of road 
infrastructure projects by incorporating ecological, 
economic and social criteria. This means that the 
sustainability of a project is assessed across all three 

pillars, rather than just the purely technical or mone-
tary aspects. The aim is to promote the use of envi-
ronmentally friendly materials and processes and to 
protect natural resources. In theory, its application 
minimises the environmental impact of road projects, 
for example by taking CO2 emissions and resource 
consumption into account. 

NISTRA takes into account not only the acquisition 
and construction costs, but also the long-term costs 
of a road, including maintenance and demolition. The 
method considers social impacts, such as the effects 
on the quality of life of local residents, road safety and 
accessibility for different population groups. The use 
of standardised sustainability indicators allows pro-
jects to be objectively assessed and compared with 
each other, promoting transparent decision-making. 
By focussing on social and ecological impacts, the 
methodology can also help to increase public accept-
ance of infrastructure projects, as it highlights the 
benefits to society.

However, the heterogeneity of the approach also 
contributes to its complexity. Assessment according 
to NISTRA requires extensive data collection and de-
tailed analysis, which can be both time-consuming 
and costly. The administrative effort can be consider-
able, especially for large or complex projects. Further-
more, the system was not developed with a focus on 
underground infrastructure, meaning that its applica-
tion to underground structures is possible but would 
need to be examined on a case-by-case basis. A com-
plete and accurate assessment according to NISTRA 
often requires specific and extensive data, which may 
not always be available in the required form or quality, 
especially in the early stages of a project. 

In projects with complex environmental and so-
cial impacts, it can also be difficult to determine the 
correct weighting for each sustainability indicator, as 
NISTRA gives users considerable freedom in this re-
gard. There is therefore a risk that some aspects will 
be weighted too heavily or too lightly, which can lead 
to distorted results and essentially requires a subse-
quent sensitivity analysis. This means additional effort 
and further increases the complexity.

5.4.8	 Summary of the Assessment Methods Con-
sidered

Table 2 lists the assessment methods considered 
above and assigns them to their theoretical back-
ground. It should be noted that such an assignment 
is not always entirely clear-cut, as some theoretical 
approaches are mixed together. The following clas-
sification therefore represents the predominantly un-
derlying methodology.
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5.5	 Recommendation for the Selection 
of Criteria, Indicators, and Target 
Systems for Sustainability Assess-
ment in Underground Construction

The previous explanations in the recommendation 
have shown two things in particular with regard to 
the criteria to be used:
�� Underground construction differs in some respects 
significantly from general infrastructure construc-
tion in terms of its impact on the built environment 
and the other societal effects. Against this back-
ground, specific criteria and indicators must be 
included in the assessment that can reflect these 
effects and describe them adequately.

�� As each tunnel project is very specific, there can be 
no “complete” list of criteria that would be univer-
sally applicable to all other projects. 

Against this background, Appendix A provides a list 
of basic criteria that can be used to evaluate ecolo-
gical, economic and social aspects. This serves as a 
basis and, when applied, can be expanded to include 
project-specific influencing factors.

5.6	 Recommendations for Conducting 
Project Assessments for Under-
ground Structures

5.6.1	 General
Conducting a sustainability assessment for under-
ground construction projects involves a systematic 
and methodical process that aims to comprehensively 
assess the environmental, social and economic aspects 
of a construction solution. The boundary conditions 
specific to underground construction play a particular-
ly important role in this context, such as the compara-
tively long service life of the structures and the direct 
and indirect effects of the construction measures on 
the surrounding area. 

The following section outlines an example of how 
such an assessment is carried out and highlights the 
specific aspects that are of particular importance for 
underground construction.

5.6.2	 Conducting the Assessment

5.6.2.1	 Initialisation Phase
At the outset, the project is defined in terms of its 
basic parameters, including the project objectives, 
scope and essential requirements. The objectives of 
the sustainability assessment are also defined at this 
stage, which serve as the basis for all further steps. 

A suitable assessment framework must be selected 
for this purpose, such as the DGNB system or a compa-

rable methodology. The selection of the framework is 
generally based on the specific requirements and ob-
jectives of the project as well as national and interna-
tional standards. For underground construction, par-
ticular consideration must be given to the following:
�� The assessment framework must cover all essen-
tial criteria necessary for the assessment of under-
ground construction.

�� The methodology underlying the assessment 
framework must be capable of reflecting the effects 
of the construction and operation of the object over 
a time frame of at least 100 years. When selecting a 
methodology, care must therefore be taken to en-
sure that transient criteria and indicators, i.e., those 
that may be subject to change over time are ap-
propriately embedded in the methodology and that 
their variability can be taken into account over the 
life cycle. This applies, for example, to environmen-
tal factors of the project, if, for example, there is a 
successively increasing improvement in the quali-
ty of life in the in the area surrounding the project 
over the lifespan of the structure.

�� The methodology must be flexible enough to allow 
for both “with” and “without” scenarios can be tak-
en into account. This applies, for example, to the 
comparison of material technology solutions that 
lead to a reduction in GHG emissions. Here, it is im-
portant to be able to test substitutes against the 
original products in terms of their impact.

�� The methodology should not be based purely on 
a cost-benefit analysis, so that aspects of under-
ground construction that are difficult to quantify (for 
example, effects on the surface) can also be taken 
into account and given equal consideration. Ideally, 
the methodology should be based on a combination 
of utility analyses and/or multi-criteria approaches.

�� It is important to be able to assess projects ex ante, 
i.e. to to be able to look into the future. Some pro-
prietary approaches can only provide an ex post 
view, which may not be effective, especially for un-
derground construction.

5.6.2.2	 Data Collection Phase
In this phase, all data required for the assessment are 
collected. This includes structural data, material lists, 
energy consumption forecasts, life cycle cost analyses 
and environmental information such as emission data 
and waste management plans. 

The collected data are systematically documented 
and processed. Here, special emphasis is placed on 
providing evidence to ensure the transparency and 
traceability of the data. This includes technical reports, 
certificates for building materials, energy calculations 
and other relevant documents. 
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Due to the complexity of underground infrastruc-
ture structures, a methodology is recommended here 
that offers structured collection of data, ideally with 
software support. Thanks to the BIM master plan for 
motorway construction [71] now specified by the BMV, 
some of the information is already available today in 
a structured form. A suitable methodology is ideally 
able to extract essential information via interfaces to 
the BIM models.

5.6.2.3	 Assessment Phase
The collected data are analysed and assessed based 
on the criteria of the selected assessment framework. 
Each criterion is considered on the basis of specific 
benchmarks and requirements, and corresponding 
scores are assigned or assessments made. 

The individual assessments of the individual criteria 
are aggregated to determine an overall assessment of 
the project. Here, care is taken to ensure that all three 
dimensions of sustainability (ecological, social and 
economic) are given equal consideration.

5.6.2.4	 Audit and Verification Phase
An external audit is carried out during which inde-
pendent auditors review the collected data collected 
and the assessment carried out. The aim of the audit 
is to confirm the accuracy and completeness of the 
assessment and to identify any discrepancies. 
The audit is followed by a verification and valida-

tion of the results. This includes the rectification of 
any identified deficiencies and final confirmation of 
the assessment by the certifying body.

5.6.2.5	  Post-assessment Phase
After the assessment, the project is continuously 
monitored to ensure that the sustainability standards 
are maintained throughout the entire service life of 
the structure. Regular reports document progress and 
identify potential for improvement. 

Re-evaluation may be necessary at regular inter-
vals to confirm that the project continues to meet the 
defined sustainability standards. This includes re-
newed data collection, assessment and auditing.

The sustainability assessment of underground in-
frastructure is a complex process that places very 
high demands on all parties involved and should, 
in principle, cover all phases of the of the struc-
ture’s life cycle. In addition to selecting the appro-
priate criteria and indicators, choosing the optimal 
assessment methodology also plays a decisive role 
in the outcome. 

With a view to future developments, DAUB ma-
kes recommendations on the selection of an as-
sessment methodology but does not prefer any 
particular methodology so as not to exclude others.

6	 Open Questions regarding Sus-
tainability Assessment and Con-
clusion

6.1	 Assessment of the Current State of 
Knowledge

6.1.1	 Regarding Sustainability Assessment and 
this Recommendation

The explanations in the previous chapters have shown 
that, for a variety of reasons, a comprehensive, com-
plete, and reliable assessment of the sustainability of 
underground infrastructure projects is currently hard-
ly possible. Essential social and ecological aspects still 
elude an equivalent quantified assessment. The me-
dium-term goal must be to enable all stakeholders 
involved in construction to do so. 

With this recommendation, DAUB has now de-
veloped various principles for achieving such an ob-
jective. In addition to a blueprint for complete GHG 
balances (in Part 2 of these recommendations [1]) 
for various construction methods in tunnelling, the 
boundary conditions of underground infrastructure in 
the context of sustainability assessments are outlined 
and basic guidance on the selection of assessment 
methods and the implementation of sustainability as-
sessments is formulated. 

Nevertheless, DAUB still sees substantial hurdles 
and problem areas that currently still make such com-
prehensive assessments difficult. The following sec-
tion therefore identifies the problem areas and pro-
vides guidance on how to shed light on them. These 
areas can be assigned to the following topics:
�� Adjustment of political and administrative con-
straints

�� Further development of the methodological ap-
proaches to assessment procedures

�� Prioritisation and weighting of criteria and indica-
tors

6.1.2	 Notes on Adjusting Political and Adminis-
trative Constraints

Sustainability and ensuring it is achieved is a challenge 
for everyone involved in construction, which must be 
lived and implemented throughout all phases of the 
life cycle. Ideally, therefore, the earliest phases of the 
project should already involve examination of the 
structure and its construction, the collection and pro-
vision of the necessary data and information, and the 
development of a concept for integrating sustainabili-
ty considerations into the planning process. This is the 
only way to achieve the greatest possible effect in re-
ducing GHG emissions and mobilising the benefits of 
the structure. This principle gives rise to a number of 
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necessary prerequisites for the interaction between 
clients, planners, and contractors, which are not yet 
apparent at this stage:
�� The political and regulatory framework conditions 
must be formulated in such a way that there is suf-
ficient scope for the implementation of innovative 
measures. This is a particular challenge for minis-
tries, district governments, licensing authorities and 
infrastructure.

�� The creation of the project-specific framework con-
ditions is the responsibility of the client, who must 
first define and formulate the sustainability goals 
in the form of concrete specifications for his struc-
tures. This requires, especially in the case of large 
infrastructure operators, a conceptual idea of which 
sustainability goals can and should be achieved, 
how, to what extent, and with what concrete effects 
for the environment.

�� The planning of the structures must be based on 
these objectives. This includes, on the one hand, the 
definition of specific targets, for example, in terms 
of GHG savings. On the other hand, future planning 
concepts must open up opportunities for competi-
tion between bidders, with the award of contracts 
being decided not only on the basis of price, but 
also the specific fulfilment of these predefined tar-
gets. Ideally, the planning should leave room for 
the implementation of innovative solutions, for ex-
ample, through novel construction methods or new 
material concepts.

�� This also highlights the need to amend and adapt 
the current contract structures and award proce-
dures. As things stand today, it can be assumed that 
the rather rigid concept of the VOB/A, for example, 
is hardly suitable for reflecting and systematically 
implementing tenders that are based on sustaina-
bility principles. What is needed here are concrete 
and specific guidelines, that not only focus on the 
economic efficiency of the project but also enable 
sustainability objectives to be taken into account, 
for example, by evaluating bids on the basis of var-
ious weighted criteria, without, however, reducing 
the transparency and legal certainty of the award 
process.

6.1.3	 Notes on the Further Development of 
Methodological Approaches of Assessment 
Systems

The assessment methods currently available have the 
weaknesses already described in Chapter 5, and so 
far none of them fully meets the requirements aris-
ing from the boundary conditions of underground 
infrastructure structures. Against this background, 
however, a requirements profile can be drawn up that 

can serve as a template for future developments. The 
most important requirements can be summarised as 
follows:
�� A methodology for holistic sustainability assessment 
of underground infrastructure must be designed in 
such a way that it can be used to successfully ana-
lyse the project in the early stages of its life cycle 
phases. Methodologies that only allow for ex-post 
considerations are not suitable for this purpose.

�� The assessment framework must include all essen-
tial criteria necessary for evaluating underground 
construction. This applies in particular to criteria 
that describe the benefit of the structure for the 
structural, social, and ecological environment.

�� The methodology underlying the assessment 
framework must be capable of reflecting the effects 
of the construction and operation of the object over 
a time frame of at least 100 years. When selecting a 
methodology, care must therefore be taken to en-
sure that transient criteria and indicators, i.e., those 
that are subject to change over time, can be embed-
ded in the methodology accordingly and their vari-
ability can be taken into account over the life cycle. 
This applies, for example, to environmental factors 
of the project, if, for example, over the lifespan of 
the structure there is a gradual improvement in the 
quality of life in the environment surrounding the 
measure.

�� The methodology must be flexible enough to allow 
for both “with” and “without” scenarios to be taken 
into account. This applies, for example, to the com-
parison of material technology solutions that lead 
to a reduction in GHG emissions. Here, it is impor-
tant to be able to test substitutes against the origi-
nal products in terms of their impact.

�� The methodology should not be based purely on 
a cost-benefit analysis, so that aspects of under-
ground construction that are difficult to quantify 
(for example, effects on the surface) can also be tak-
en into account and given equal consideration. Ide-
ally, the methodology is based on a combination 
of utility analyses and/or multi-criteria approaches.

At present, there is a particular lack of concrete 
approaches for correctly and fairly incorporating the 
effects in the vicinity of the construction measures 
into an assessment. The DAUB strongly recommends 
that further research be conducted to establish the 
necessary knowledge in this area.

6.1.4	 Prioritisation and Weighting of Criteria and 
Indicators

In principle, all criteria should be evaluated equally 
in sustainability assessments, i.e., ecology, economy, 
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and social issues. However, this is difficult to achieve 
within the criteria – for example, with regard to the 
various indicators of the “economy” criterion – and is 
also difficult to reconcile with existing assessment ap-
proaches. For example, the methodology used to pri-
oritise infrastructure measures within the framework 
of the Federal Transport Infrastructure Plan involves 
a specific weighting of certain factors and parame-
ters. Sustainability assessments cannot therefore be 
carried out in a “vacuum” but must be coordinated 
and carried out in a “consensual” manner with other 
assessment systems. Furthermore, the weighting of 
indicators and criteria must not be left entirely to the 
user, so that the overarching objective can be main-
tained and sustainability assessments do not become 
completely subjective. 

The DAUB therefore recommends coordination 
between the major infrastructure operators and the 
definition of assessment horizons, limit values, and 
weightings against the background of a defined set 
of criteria and indicators. Here, too, there is an urgent 
need for action, research and regulation.

6.2	 Conclusion
With the present recommendation, DAUB has pro-
vided a comprehensive work on the assessment of 
sustainability issues in underground infrastructure. In 
addition to reviewing the status quo in the description 
of sustainable effects in the construction environment, 
the recommendation goes far beyond previous pa-

pers on the subject. The core elements are primarily 
the development and implementation of an exempla-
ry GHG emissions calculation for various construction 
methods (see Part 2 of the recommendation) and the 
description of ways in which underground construc-
tion as a whole can become more sustainable. These 
approaches can be pursued further scientifically and 
technically and ideally lead to concrete measures on 
future and current construction sites of underground 
infrastructure.

In addition, decision-making aids for selecting as-
sessment methods are formulated and aspects are 
highlighted where underground construction already 
makes essential contributions to sustainability today. 
In many cases, these go far beyond what is reflected 
in existing and available assessment methods for sus-
tainability analysis. 

Furthermore, the contributions to sustainability 
are often not included in the assessment, as other 
civil engineering structures usually have no effect in 
this regard, for example with regard to improving the 
quality of life on the surface by laying a route under-
ground. Conversely, the sustainable effects of under-
ground construction are primarily felt over compara-
tively long periods of time and also differ substantially 
from what can be generated by bridges or surface 
transport routes, for example. Therefore, it is impera-
tive that these contributions be given equal weight in 
future assessments. 

It is therefore a key objective of DAUB to update 
the recommendation presented and to expand and/

Approach
Methods

Cost-Benefit Analysis 
(CBA)

Benefit Analysis
 (BA)

Multi Criteria Decision 
Making (MCDM)

BREEAM
Transformation of all  
Indicators to a Predefined 
Scale

Envision
Transformation of all  
Indicators to a Predefined 
Scale

Standardized 
Assessment

Predominant Monetisation 
of all Indicators

Methodology of DGNB
Transformation of all  
Indicators to a Predefined 
Scale

Methodology of SNBS
Transformation of all  
Indicators to a Predefined 
Scale

NISTRA
Mix of CBA, with BA and 
Purely Qualitative 
Assessments

Table 2  Overview of the Assessment Methods considered and their Formal Assignment
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or adapt it with in the knowledge gained in the future. 
Against this background, one of the central demands 
of this recommendation is to provide assessment 
procedures that are based on these boundary condi-
tions and thus enable an objective, comprehensible, 
and technically sound assessment.

It should be noted that other DAUB recommen-
dations, such as those for determining life cycle costs 
or for recycling tunnel excavation material, should be 
seen as complementary to the present paper. They 
logically supplement the subject matter of this paper 
with information on economic and ecological issues 
in sustainability balancing. It is conceivable that this 
overall picture will be supplemented by further rec-
ommendations to follow.
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APPENDIX A:   Criteria and Indicators for Sustainability Assessments
The following tables summarise indicators for the 
three pillars/criteria of sustainability “Ecology, Econ-
omy, and Social Issues”, which must be taken into 
account during consideration and evaluation. These 
are to be supplemented with project-specific local ef-
fects and assessments but in this form provide a basic 
framework for the assessment process. The following 
points should be taken into account:
�� As already explained in the main part of the rec-
ommendation, some indicators can already be 
sufficiently underpinned by appropriate models to 
quantify the specific impact on sustainability pre-
cisely. Others cannot currently be represented, or 
only to a very limited extent, and will also only be 
quantifiable to a limited extent in the long term. The 
combined consideration of both types therefore re-
quires both an appropriately adapted methodology 
and with a thorough examination of the softer in-
dicators and suitable modelling of their character-
istics.

�� Some indicators describe effects that may extend 
beyond the scope of the respective criteria. For ex-
ample, improving the quality of life in the vicinity 
of a construction project can have repercussions in 
terms of economic aspects, such as land prices in 
urban areas. Here, a clear distinction must be made 
between purely monetary aspects and softer as-
pects such as the well-being of local residents.

�� Sustainability assessments are not conducted in iso-
lation from legislative and normative requirements. 
Against this background, the indicators sometimes 
need to be adapted to the requirements of the leg-
islator or the infrastructure operator. For example, 
some indicators correspond to those of the Federal 
Transport Infrastructure Plan, which is binding for 
civil engineering structures in transport infrastruc-
ture. In this specific case, consistency with these 
requirements must be ensured in order to avoid 
deviating or varying assessments for particular in-
dicators.

�� As already explained in the main part of the rec-
ommendation, some of the aspects can be clarified 
by DAUB recommendations that have already been 
published. This applies in particular to the areas of 
determining life cycle costs and recycling of tunnel 
excavation material. It is strongly recommended 
that the assessment process be based on these rec-
ommendations.



November 2025Page 62 of 78

DAUB

Recommendations for Sustainability in Underground Construction – Part 1: Framework Conditions
Appendix A: Criteria and Indicators for Sustainability Assessments

Table 3   Ecological Indicators for a Sustainability Assessment of Underground Infrastructure

Table 4   Economic Indicators for a Sustainability Assessment of Underground Infrastructure

Ecology
Indicator Indicator Level 2 Unit

Emissions
Noise
Dust
Vibrations

dB(A)
g/m3

mm/s

Waste Contaminated
Uncontaminated

t
t

Excavation 1)
Utilisation on the Construction Site
Utilisation with other Ecological Benefits 
Disposal

t
t
t

Land Use Influence
Usable Land and Forests
Fragmentation
Soil Sealing

ha
ha
ha

Water Balance
Groundwater Contamination
Influence on the Groundwater Table
Water Consumption

[–] 2)

[–] 2)

m

GHG Emissions Manufacturing and Construction Phase
Utilisation phase

t CO2e/a
t CO2e/a

Energy Consumption Manufacturing and Construction Phase
Utilisation Phase

kWh
kWh

Species Protection Influence on Habitats
Influence on Flora and Fauna

[–] 2)

[–] 2)

1) See also [3]
2) For a precise recording and description of the influences, consultation of the relevant specialist literature is recommended.

Economy
Indicator Indicator Level 2 Unit

Life Cycle Costs 
of the Structure 3)

Manufacturing and Construction Phase
Utilisation Phase
Investments

€
€
€

Increased Attractiveness Property Prices
Additional Tax Revenues

€
€

Impact on Traffic Reduction of Travel Times
Reduction of Congestion Risks

€/h
€/h

Secondary effects 
from traffic redistribution

Reduction in Maintenance Costs
Revenue from Infrastructure Use

€
€

3) See also [2]
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Table 5   Social Indicators for a Sustainability Assessment of Underground Infrastructure

Social
Indicator Indicator Level 2 Unit

Attractiveness Variance

Impact on the Landscape
Impact on Monument Protection
Change in Quality of Life in the Surroundings 
Change in Attractiveness of the Region
Change in Land Availability

[–]
[–]
[–]
[–]
[–]

Traffic Risk Management Impact on Property Damage
Impact on Personal Injury

€
n/a

Employment Situation Impact on the Commercial Economy
Impact on the Number of Available Jobs

[–]
[–]

Risk Management Surroundings Impact on Crime
Impact on Cosiness

[–]
[–]
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APPENDIX B:   Project Examples with Contributions to Improved 
		         Sustainability

Tunnel Baaker Mulde

Project Purpose: Conversion of existing tunnel into a bat roost

Project Location: Bochum-Linden

Construction Period: 1894

Affected SDGs:

 

Project Characteristics: Former railway tunnel of the Baaker Mulde coal mine

Brief Description of the Sustainability Aspect:

The former railway tunnel of the Baaker Mulde coal mine has been filled in along most of its length. An oxygen 
transport pipeline, which is still in operation, runs through the backfilled tunnel. At the southern portal, part of 
the tunnel remained unfilled and was closed off with an end wall and converted into a bat tunnel. Due to the 
expansion of the city‘s cycle path infrastructure, there is now also interest in possibly making the tunnel usable 
again for a cycle path.

Bat tunnel Baaker Mulde in Bochum-Linden (Source: City of Bochum)
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Thyssen-Krupp Industrial Tunnel

Project Purpose: Conversion of existing tunnel into a cycle tunnel

Project Location: Alleestraße in Bochum

Construction Period: —

Affected SDGs:

 

Project Characteristics: Former double-track industrial railway tunnel

Brief Description of the Sustainability Aspect:

The former double-track industrial railway tunnel (rectangular cross-section) under Alleestraße in Bochum, 
owned by Thyssen Krupp connected two originally separate parts of the plant north and south of Alleestraße 
and would have had to be dismantled or filled after it was taken out of service. The western tunnel tube was 
filled in, and a corrugated steel pipe was installed in the eastern tube, after which the annular space was filled in. 
The measure also involved shortening of the tunnel by 20 m and constructing a ramp system and today forms 
an important part of the cycle network, which will also include the RS1 cycle highway.

   
Alleestraße tunnel before and after (cycle tunnel) in Bochum (Photos: City of Bochum)
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Schulenberg Tunnel

Project Purpose: Conversion of existing tunnel into a footpath and cycle tunnel

Project Location: Hattingen, North Rhine-Westphalia

Construction Period: 1884

Affected SDGs:

 

Project Characteristics: 195-meter-long, former railway tunnel

Brief Description of the Sustainability Aspect:

The Schulenberg Tunnel is a 195-meter-long, former railway tunnel in Hattingen, North Rhine-Westphalia. It 
was opened in 1884 as a so-called coal railway on the Wuppertal–Wichlinghausen–Hattingen railway line for 
mixed traffic. After about 100 years, first passenger transport was discontinued in 1979, followed by freight 
transport in 1984. It was not possible to restore this line for railway transport. Thus, conversion work on the 
former railway tunnel began in 1989. The reopening took place on September 23, 2008. Since then, the tunnel 
has served as a footpath and cycle path.

Schulenberg Tunnel Hattingen (Source: Olschowy)
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Zierenberg Tunnel

Project Purpose: Conversion of existing tunnel into a bat roost

Project Location: Zierenberg, Kassel

Construction Period: 1897

Affected SDGs:

 

Project Characteristics: 815-meter-long, former railway tunnel

Brief Description of the Sustainability Aspect:

The Zierenberg Tunnel is located on the Kassel–Korbach line and was opened in 1897. Renovating the existing 
structure was not economically viable, which is why a new, approx. 900 m long parallel tunnel was built. The 
portals of the old Zierenberg Tunnel are to be treated as cultural monuments under the Hessian Monument 
Protection Act and must therefore be preserved. For this reason, it was decided to fill the old Zierenberg Tunnel 
with around 30,000 tonnes of material after completion of the new structure in 2018. Where possible, suitable 
excavated material from the new tunnel was used for this purpose. In addition, entrances were left in the area 
of the east portal so that a bat colony could be established here.

East portal Zierenberg Tunnel (Source: DB InfraGO AG, Stephan Nink)
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Emscher Sewage Canal

Project Purpose: Renaturation of the Emscher river

Project Location: Ruhr area, Germany

Construction Period: from 2012

Affected SDGs:

 

Project Characteristics: A total of approx. 47 km of pipe jacking with diameters between 1.6 and 2.8 m, 
up to 40 m deep

Brief Description of the Sustainability Aspect:

The Emscher River flows through the Ruhr region between Dortmund in the east and Dinslaken in the west. In 
the past, this river and its tributaries were used to discharge sewage. The resulting environmental pollution 
and loss of natural habitats for humans and animals could no longer be tolerated. The numerous projects to 
renature the Emscher are intended to improve the water quality and to restore it as a habitat for flora and fauna.

In 2016, the Emscher Project was named Environmental Initiative of the Year by the International Tunnelling 
Association.

(Source: www.eglv.de)
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Limmern Pumped Storage Power Plant

Project Purpose: Storage of surplus electricity from off-peak periods and production of peak  
energy with climate-neutral hydropower

Project Location: Canton of Glarus, Switzerland

Construction Period: 2009 to 2016

Affected SDGs:

 

Project Characteristics: Extensive system consisting of tunnels and caverns, incl. a 3.8 km long access 
tunnel, driven by a hard rock TBM with a diameter of 8.03 m

Brief Description of the Sustainability Aspect:

The underground facilities are used to produce climate-neutral electricity. 
Access tunnel 1 connects the Linth-Limmern power plant, built 1,700 m above sea level, from the valley floor 

to enable weather-independent, year-round safe access to the power plant.

(Source: AXPO)

(Source: AXPO)
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Further examples:
Rodund, Limberg III and Kühtai pumped storage power plants in Austria currently under construction

(Photo: Fridolin Walcher)
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Inn Joint Venture Power Plant

Project Purpose: Climate-neutral electricity production

Project Location: Tyrol, Austria

Construction Period: 2015–2022

Affected SDGs:

 

Project Characteristics: Run-of-river power plant, consisting of a weir, a 21.5 km long headrace tunnel 
and an underground powerhouse

Brief Description of the Sustainability Aspect:

Production of climate-neutral electricity with a hydropower plant with a high harvest factor. Improvement of 
the hydropeaking and hydroflushing phenomena in the Inn thanks to a balancing reservoir. Reuse of excavated 
material for concrete production and landscaping.

 

(Image: GKI)
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London Power Tunnels

Project Purpose: Electrical energy supply

Project Location: London, England

Construction Period: 2020–2026

Affected SDGs:

 

Project Characteristics: Over 60 km of tunnels with a diameter of 3.0 to 4.0 m, depth up to 60 m below 
ground level

Brief Description of the Sustainability Aspect:

The construction of the new power grid in tunnels up to 60 m deep will replace ageing, unsafe cables and cover 
the city’s projected electricity demand with climate-neutral in the future.

(Image source: HOCHTIEF)
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Corrib Onshore Gas Pipeline

Project Purpose: Electrical energy supply

Project Location: Northwest coast of Ireland

Construction Period: 2011–2015

Affected SDGs:

 

Project Characteristics: 4.2 km long hydroshield tunnel drive with a diameter of 4.2 m

Brief Description of the Sustainability Aspect:

The local population demanded that the project be planned with particular attention to sustainable and sen-
sitive implementation, with special protection of flora and fauna. To protect the sensitive natural environment, 
tunnel construction was therefore preferred to land relocation. 

During implementation, a maximum construction height of 4 m was specified, the gantry crane was desi-
gned with a truss girder, and the bentonite basins were covered. All structures were colour-coordinated with 
the surroundings and rigorous noise reduction measures were implemented.

(Source: Wayss & Freytag)
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Sint-Pieters Woluwe Storage Sewer

Project Purpose: Flood protection

Project Location: Sint-Pieters-Woluwe, Belgium

Construction Period: 2018–2021

Affected SDGs:

 

Project Characteristics: 375 m EPB tunnel with a diameter of about 5.5 m

Brief Description of the Sustainability Aspect:

Due to increased exceptional rainfall events, storage spaces for temporary intermediate storage must be cre-
ated more and more often in city centres. During heavy rainfall events, the existing sewerage system in Sint- 
Pieters-Woluwe was overloaded, resulting in flooding of roads and basements. The tunnel, which was driven 
under confined space conditions, created an underground temporary storage facility of about 8,000 m³ as flood 
protection.

(Source: Wayss & Freytag)
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SMART-Tunnel: Stormwater Management and Road Tunnel

Project Purpose: Flood protection and road tunnel

Project Location: Kuala Lumpur, Malaysia

Construction Period: 2018–2021

Affected SDGs:

 

Project Characteristics: 9,7 m Hydroschild-Tunnel mit Durchmesser etwa 13,2 m

Brief Description of the Sustainability Aspect:

During the monsoon season, the city centre of Kuala Lumpur in Malaysia is sometimes affected by severe flood-
ing as the two rivers, Gombak and Klang, burst their banks. During the planning of the tunnel, the potential for 
multiple use of the tunnel project, both as a road tunnel and for flood protection, was recognised and com-
bined tunnel use was implemented. The tunnel can be used very flexibly with its 3 operating modes.

1

2

3

Retention
basin

Retention
basin

Retention
basin

Sg. Klang Storage
basin

Storage
basin

Storage
basin

Sg. Klang

Sg. Klang
Sg. Kerayong

Sg. Kerayong

Sg. Kerayong
Normal conditions: 
No �oodwater in the system.

During moderate storms: 
Floodwater in the lower section of the 
tunnel; highway section open to tra�c.

During severe storms: 
Tunnel closed to tra�c; �oodwater in all 
sections of the tunnel.

NO STORMS AND FLOODING

DURING MORE STORMS

ONLY DURING SEVERE STORMS
(FLOODING > APRIL AND OCTOBER 2001)

(Source: By cmglee, OpenStreetMap - http://openstreetmap.
org/search?query=smart+tunnel, CC BY-SA 4.0, https://com-
mons.wikimedia.org/w/index.php?curid=101297562) 

(Source: Wayss & Freytag)

https://commons.wikimedia.org/w/index.php%3Fcurid%3D101297562
https://commons.wikimedia.org/w/index.php%3Fcurid%3D101297562
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Gotthard Base Tunnel

Project Purpose: Transport project: Shifting heavy goods traffic across the Alps from road 
to rail

Project Location: Switzerland

Construction Period: 1996–2016

Affected SDGs:

 

Project Characteristics: Construction of a 151.1 km long underground system consisting of the tunnel 
tubes, cross-passages, caverns, shafts and adits for various purposes with a 
total excavation volume of 10 million m³.

Brief Description of the Sustainability Aspect:

The Gotthard Base Tunnel primarily serves to shift European Alpine transit traffic from road to rail. In Switzer-
land, the railway is powered by climate-neutral hydropower. By shifting heavy goods traffic to rail, the aim is to 
relieve the narrow Alpine valleys of the negative consequences of road freight transport (exhaust fumes, acci-
dents). The share of rail in Alpine transit traffic through Switzerland was 72.5 % in 2022. 

Sustainability goals were given top priority right from the tunnel construction phase. Only shotcrete and 
concrete with 100 % aggregate from the excavated material was used for all underground work on the tunnel 
tubes (TBM and conventional tunnelling). Around 30 % of the excavated material could be reused in this way. 
Thanks to early close cooperation with industry and innovative techniques, the recycling rate could be maximi-
sed. 

Around 70 % of the excavated material was used for embankments for track construction and for landsca-
ping. During the landscaping, care was taken to ensure that positive contributions were made to biodiversity, 
whether for fish and birds in the lake fills in Lake Lucerne or through the creation of new alpine dry meadows 
on the landscaping from the unavoidable landfill material. 

Particulate filters were mandatory on construction sites long before they became a legal requirement, and 
occupational safety in underground construction was massively improved.
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(Source: Seeschüttung Uri)

!
(Source: Amberg Engineering AG) 
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ElbX

Project Purpose: Transport of Electrical Energy

Project Location: Glückstadt, Germany

Construction Period: Since 2023

Affected SDGs:  

Project Characteristics: Slurry-supported drive under the Elbe, total length about 5.2 km, outer 
diameter just under 5 m

Brief Description of the Sustainability Aspect:

The 5 km long underpass beneath the Elbe is part of the overall SuedLink project, which involves laying an un-
derground cable between Schleswig-Holstein and Bavaria. The 700 km long overall project aims to improve the 
supply of renewable energy to 10 million households in Germany. 

A water treatment plant is being used in the implementation of the project, which allows water from the Elbe 
to be used on the construction site and used water to be treated and returned to the Elbe. This process water 
cycle protects the local drinking water network and treatment system.

 

Illustration of the cable pulling construction phase in the ElbX project( 
Source: https://www.tennet.eu/de/projekte/suedlink-planfeststellungs-abschnitt-a2)

https://www.tennet.eu/de/projekte/suedlink-planfeststellungs-abschnitt-a2
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