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Introduction

This environmental product declaration (EPD) describes, from 
a lifecycle perspective, the total environmental impact of 
railway tunnels on the Bothnia Line. The EPD covers tunnel 
“substructure” only. Track, power, signalling and telecom 
systems in the tunnels are not included.

Within the International EPD system based on ISO standard 
14025, this EPD was drawn up in accordance with Product 
Category Rules (PCR) 2009:03 for Rail Transport and Railway 
Infrastructure (see www.environdec.com for further informa-
tion about the EPD system).

The aim of this EPD is that it should provide experts and 
scientists (in the construction and infrastructure sectors) 
with objective and reliable information on the environmental 
impact of constructing, operating and maintaining railway 
tunnels.

This EPD was developed by Botniabanan AB in cooperation 
with Banverket (the Swedish Rail Administration). It has been 
certified by Bureau Veritas Certification AB and the certifica-
tion is valid for three years (after which it can be prolonged).

Botniabanan AB has been responsible for the financing, detai-
led planning and building of the Bothnia Line. On completion, 
Botniabanan AB will own the infrastructure and lease it to 
Banverket (the infrastructure manager). From 2050 onwards, 
infrastructure ownership will be transferred to Banverket. Bot-

The Bothnia Line is a new Swedish railway 
running from Nyland (north of Kramfors) 
to Umeå. It is routed via Örnsköldsvik and 
comprises 190 km of new single-track 
railway with 22 sidings (each 1 km long) 
and 7 travel centres/stations. The latter 
have good connections for pedestrians, 
cyclists, local and regional bus traffic and 
private vehicles. There is a large freight 
terminal in Umeå and a smaller container 
terminal in Örnsköldsvik.

The line has 90 railway bridges (total 
length of 11 km) and 16 tunnels (25 km 
of main railway tunnels and 16 km of ser-

niabanan AB has ISO 9001:2000 (quality management), ISO 
14001:2004 (environmental management) and AFS 2001:1 
(work environment management) certification.

This EPD sets out the environmental performance of railway 
tunnels on the Bothnia Line. The following EPDs are also avai-
lable for other Bothnia Line systems:
•	EPD	for	passenger	transport	on	the	Bothnia	Line.
•	EPD	for	freight	transport	on	the	Bothnia	Line.
•	EPD	for	railway	infrastructure	on	the	Bothnia	Line.
•	EPD	for	railway	track	foundations	on	the	Bothnia	Line.
•	EPD	for	railway	bridges	on	the	Bothnia	Line.
•	EPD	for	railway	track	on	the	Bothnia	Line.
•	EPD	for	power,	signalling	and	telecom	systems	on	the	
 Bothnia Line.

As this EPD is based on data relating to Bothnia Line in-
frastructure, the results might not be representative of other 
railway tunnels. In order to decide if the results can be repre-
sentative for other railway tunnels, the most important areas 
that should be checked to be comparable with the Bothnia 
Line are:
•	Railway	functionality	(single	or	double	track,	axle	load,	etc.).
•	Construction	methods	(e.g.	blasting	or	tunnel	drilling).
•	Mix	of	electricity	for	construction,	operation	and	maintenan-
 ce of the infrastructure.
•	Origin	of	materials	(mainly	steel	and	concrete).

All tunnels on the Bothnia Line were 
built using conventional blasting 
technologies and preinjection with 
cement products. The inner surfa-
ces of the tunnels are covered with 
shotcrete. Where necessary to pre-
vent water dripping onto the track, 
the walls and roofs have drains. All 
tunnels are single-track tunnels with 
a design cross-sectional area of 70 
m2 and a ready-made area of 50 
m2. The allowed maximum distance 
to an emergency exit in a tunnel is 
500 m. This means that all tunnels 
more than 1,000 m long have either 
an access tunnel in the middle or a 
parallel service tunnel with crossing 
tunnels.

Facts about the infrastructure 
of the Bothnia Line

Technical daTa 
infRasTRucTuRe
•	Minimum	radius	of	curvature:	
 3,200 m

•	Maximum	gradient:	10‰

•	Track	gauge:	1,435	mm

•	Power	supply	voltage:	15	kV,	
 16 2/3 Hz, AT system

•	Track:	ballasted,	concrete	
 sleepers, UIC 60 rails 
 (continuous welded)

•	Signalling	system:	ERTMS	
 level 2

•	Maximum	axle	load:	25	ton-
 nes (30 tonnes on bridges)

vice and access tunnels). Designed for combined passenger 
and heavy freight traffic, the Bothnia Line offers maximum 
speeds of 250 km/h for passenger trains and 120 km/h for 
freight trains with a maximum axle load of 25 tonnes. The 
groundbreaking for the project took place on 14 August 1999 
and the railway will become operational in autumn 2010. Location of the Bothnia Line.
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The environmental performance section of the declaration is 
based on a lifecycle assessment (LCA) carried out by IVL Swe-
dish Environmental Research Institute in 2009. An overview of 
system boundaries and included processes is given in the text, 
figures and tables below.

Extraction and production of raw materials, transport of 
materials and manufacturing of products were included in the 
LCA calculations. The data in respect of infrastructure-related 
processes and quantities of materials was collected from the 
building of the Bothnia Line. Selected generic data for material 
production was used according to the calculation rules in PCR 
2009:03. The electricity used in construction processes and 
for production of materials was calculated as the average elec-
tricity mix for the countries hosting the processes. 

Calculation of the environmental impact of railway tunnel 
construction was based on data from three selected “typi-
cal” tunnel contracts. As regards soil and rock excavation 
quantities, fuel and electricity consumption, etc., specific data 
was collected from these contracts and used as a basis for 
calculating the environmental impact of all the tunnels on the 
Bothnia Line.

The LCA calculations are based on a calculation period of 60 
years. This means that they include all construction, operation 
and maintenance processes assumed to take place in that 
time. All results are presented per kilometre of tunnel (main 
line).

Environmental performance 
Resource use and emissions
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All processes and elements needed to construct, operate and maintain the 
railway tunnels have been included in the LCA. However, note that track, 
power, signalling and telecom systems are not included. The figure shows 
some of the most important structural elements.
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Overview of processes and elements included in the LCA 
for railway tunnels on the Bothnia Line.
Tunnel construction Tunnel operation Tunnel maintenance 

Soil and rock  Illumination of Reinvestments
excavation tunnels according to life
  times of 
  components/
  constructions

Tunnel boring Frost protection 
 for fire water in 
 tunnel 

Deforestation Operation of 
 electrical and 
 electronic systems 

Service roads  

Ventilation and 
pumping  

Injection of 
cement slurries  

Rock bolting  

Shotcrete  

Wall and roof drains  

Firewalls  

Tunnel portals  

Filling of crushed 
material  

Ducting (cable 
ducts and manholes)  

Firefighting water 
system  

Drainage and surface 
water piping  

Interior tunnel 
equipment

Environmental impact for 1 km railway tunnel (main line) of the Bothnia Line. All construction, operation and 
maintenance activities over 60 years are included for the tunnel infrastructure. Note that the track, power, 
signalling and telecom systems are not included.
impact category unit construction Operation Maintenance Total

Resource use
Non-renewable materials kg 25 808 501 4 775 38 38 006 29 651 282

Renewable materials kg 111 0 53 164

Non-renewable	energy	 MJ	 327	80	178	 19	188	361	 12	471	025	 64	439	563

Renewabe	energy	 MJ	 3	176	306	 6	640	435	 517	194	 10	333	935

Recycled resources kg 293 831 0 179 123 472 954

Water kg 34 119 529 0 3 441 173 37 560 702

Land use m2 27 741 66 397 3 091 97 229

emissions
Global warming kg CO2 equivalents 2 970 984 73 203 985 740 4 029 927

Acidification kg SO2 equivalents 10 517 114 2 824 13 455

Ozone depletion kg CFC-11 equivalents 0.0010 0 0.0016 0.0026

POCP (Photochemical 
oxidant formation) kg ethene equivalents 951 16 373 1 341

Eutrophication kg PO4
3- equivalents 2 810 19 569 3 398

Other
Ouput of materials 
for recycling kg 0 0 90 876 90 876

Waste, hazardous kg 18 164 42 966 2 153 63 283

Waste, excess soil kg 2 971 717 0 0 2 971 717

Waste, other kg 30 020 540 33 332 3 912 678 33 966 550

As, under the rules in PCR 2009:03, waste handling 
processes make a negligible contribution to environmental 
impact categories (<1 %), they were excluded from the LCA. 
For processes excluded by default, see PCR 2009:03.

Shotcrete
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Emission impact categories and the relative contributions (in %) made by the 
process groups relevant to the Bothnia Line’s railway tunnels. The process 
groups include all activities during the calculation period of 60 years. For 
example, “Infrastructure material” covers all materials used during construction, 
maintenance and reinvestment.

dominance analysis
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infrastructure operation

infrastructure material transport

infrastructure construction work

infrastructure material

infrastructure material = Emissions from raw material acquisition and produc-
tion of materials such as steel, concrete, etc.

infrastructure construction work = Emissions from machines (excavators, 
trucks, drilling rigs, etc.) used in constructing the infrastructure. This also 
includes transport of excavated soil and rock.

infrastructure material transport = Emissions from vehicles (e.g. trucks and 
trains) used for transporting infrastructure material (e.g. concrete and reinfor-
cement steel) from suppliers to the construction site.

infrastructure operation = Emissions from production of electricity used for 
operation of the infrastructure (e.g. tunnel illumination).

deforestation = Net emissions of CO2 resulting from forest land being perma-
nently changed to railway land.

Specification of resources makes the lar-
gest contributions to the different resource 
use categories
Resource use  largest
category contributors

 Solid rock: 85.3% 
 Limestone: 10.7%
Non-renewable Sand and gravel: 2.5% 
materials Iron: 1.1%

Renewable 
materials Wood: 100%

 Nuclear: 45.0%
 Crude oil: 33.5% 
Non-renewable Natural gas: 11.8%
energy Coal: 9.6%

Renewabe Hydro power: 92.5% 
energy Biomass fuel: 7.0%

 Ferrous scraps: 96.1%  
Recycled Steel scrap: 3.1%
resources Stainless steel scrap: 0.7%
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additional environmental information

The impact that the building and operation of the Bothnia Line 
has on land use, biodiversity and environmental risk-related 
issues has been analysed and is described in the three EPDs 
regarding passenger transport, freight transport and infrastruc-
ture. However, it is not possible or relevant to relate the 
results of the impact analyses to the individual infrastructure 
elements. Consequently, this EPD contains no such details.

Recycling declaration 
The main infrastructure elements that are relevant as regards 
waste management and recycling in the calculation period 
(60 years) are track, power, signalling and telecom equip-
ment. Other elements such as track foundations, bridges and 
tunnels are not to be replaced during the calculation period. 
Nonetheless, certain items of, for example, tunnel structu-
res and equipment, will be replaced during the calculation 
period. Within Banverket, there is currently no general natio-
nal strategy for recycling materials that are replaced during 
maintenance. Such materials often become the property of the 
contractor. Banverket’s environmental strategy contains the 
following prioritised goals for the future:
•	Development,	from	an	environmental	perspective,	of	
 long-term reutilisation plans for strategic materials.
•	Development	of	environmentally	sound	and	effective	
 management procedures for prioritised categories of waste.

Management of materials and substances 
Throughout the construction of the Bothnia Line, all contrac-
tors have, as regards any chemical products and potentially 
environmental harmful materials they use, been required to 
obtain the approval of Banverket’s Chemicals Board. Another 
requirement has been that PVCs and certain other materials 
(a number of specified harmful substances included therein) 
must not be used before the contractor has made an environ-
mental risk assessment and Botniabanan AB has agreed with 
the use. If the use of any of these substances could not be 
avoided, the location of the components containing the sub-
stances has been documented by the contractor.

The satisfaction of these requirements has been checked in 
audits of all major contractors.

Hazardous waste generated in all contracts for the building of 
the Bothnia Line has been collected in environmental stations 
supplied by Botniabanan AB and managed by companies ac-
credited for management of hazardous waste.
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Route and travel centres/stations on 
the Bothnia Line (tunnels and bridges 
also shown).

EPDs from different programmes may not be comparable
See www.botniabanan.se for more information on the EPD and for
background material.

PCR review was conducted by the Technical Committee (TC) of the 
International EPD Consortium (IEC). 
See www.environdec.com for more information and contact for IEC.

Independent verification of the declaration and data, according to 
ISO 14025:

     Internal                       x  external 

Third party verifier:

Bureau Veritas certification aB
Fabriksgatan 13 · SE-412 50 Göteborg SWEDEN
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