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ABOUT BELLONA 
Bellona Europa is the Brussels-based branch of the Norwegian Bellona Foundation, 
an independent non-profit organisation working on the environmental, climate and 
social issues of our time. We aim to identify, promote and help implement 
realisable solutions for the protection of nature, the environment and health. To 
achieve these goals, Bellona continues to work with ð and against ð relevant 

actors and stakeholders both nationally, and internationally.  

OUR ORGANISATION   
Bellona was founded in 1986 in Oslo, 
Norway, as an environmental action 
group. Still headquartered in Oslo, we 
have since expanded with offices in 
Brussels, Murmansk and St. Petersburg. 
Our team consists of about 65 
employees with diverse professional 
backgrounds in communication, 
engineering, ecology, economics, 
geosciences, law, physics, and political 

and social sciences. 

 

SOLUTION-ORIENTED APPROACH  
Our solution-oriented approach to 
climate issues follows the evaluation of 
existing options, assessment of 
associated challenges and promotion of 
identified solutions. Supported by the 
breadth of knowledge and skills of our 
experts, Bellona follows a holistic, trans-
sectoral approach to assess the 
economics, climate impacts and technical 

feasibility of possible climate options.  

 

COMMUNICATION AND  

COOPERATION  

The challenges of climate action are 
complex and involve multiple influential 
actors and stakeholders; from national 
and supranational governments, to 
internationally operating billion-dollar 
companies, and the people living in 
respective regions and countries. To 

ensure collective action takes place and 
in the interest of society and the climate, 
it is crucial to retain open channels of 
communication. Bellona does not shy 
away from, and indeed seeks, the 
exchange with polluting industries, as 
well as civil society, academia and 
governments. We believe that the 
process of finding solutions to pollution 
from industries that are currently 
essential to our economy and the 
standard of living needs to involve them. 
Bellona is engaged on several 
platforms, where we aim to initiate 
discussion and fuel debate to identify 
the realisable climate solutions we need. 
We work jointly with scientific institutions 
on several European research projects, 
and follow close relationships with 

fellow climate NGOs across the globe.  
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Foreword 

òConstruction is too often overlooked in the context of emissions globally. In Europe 
specifically, as this report shows, the industry is both a significant component of the regionõs 
economy and a substantial source of greenhouse gas emissions, alongside other environmental 
impacts. For me, this represents a huge opportunity: electrification in this sector is not just 

transformative to how building sites operate, but is rapidly becoming possible.  

The key to making zero emission construction sites a reality will be collaboration between 

industry, government, and city officials. Working together to share examples of success and 

to establish the framework for future projects is how we will close the gaps that currently exist 

on the path to electrified construction. That's why, at Cummins we work hard to develop the 

best technology for the market.ó 

Julie Furber, Vice President ð Electrified Power, Cummins Inc. 

òCities and citizens can benefit from Zero Emission Construction, through improved air 
quality, less noise and a better environment for construction workers. There is a strong case 
for clean and healthy construction in cities. Oslo works together with C40, Bellona and 

many others to forward clean construction.ó 

Heidi Sørensen, Director, Climate Agency, The City of Oslo 

òElectrification is one of the most important solutions globally to cut emissions, use energy 
more efficiently, and create better cities. Zero emission construction sites fit perfectly in this 
picture. It is also a sector where public developers through their procurement can have a 
massive impact. Back in 2016 we started a collaboration with a municipal developer in 
Oslo to cut emissions from construction. Three years later we have the first site in which all 

machinery and equipment contribute zero emissions.  

The progress over these few years ð technological, operational, and political ð has been 
astounding. It is now clear to see for all in this market that zero emission technology is the 

way forward.ó 

Frederic Hauge, Founder and CEO of The Bellona Foundation 
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EXECUTIVE SUMMARY 

Construction is a key industrial sector, yet 
climate change and air pollution are critical 
threats to be addressed, with severe 
warnings from scientists. The construction 
industry therefore needs to evolve and 
contribute towards the shift to a sustainable 
society. Conventional methods currently 
contribute to both climate and air pollution. 

But it doesnõt have to be this way.  

Innovative zero emission technologies are 
being developed for all sectors, including 
the construction sector. While a decade 
ago it might have been unthinkable to 
assume that anything bigger than a car 
would be electrified, technological 
development has defied expectations and 
brought solutions to a sector in desperate 
need for innovation. Electric construction 
machinery, powered by batteries or fuel-
cells, offer substantial benefits to the 
climate and to human health, amongst a 

range of other benefits.  

However, the availability of models is 

lacking. There is no demand for zero 

emission machinery and they are more 

expensive upfront. Public procurement is 

helping to change this, with the city of Oslo 

taking the lead. Large public buyers such 

as cities have the power to create demand 

for these machines, which present a benefit 

to the wider environment and to their own 

citizens. Setting ambitious, predictable 

targets for the reduction of emissions from 

construction sites is a way to encourage 

suppliers to innovate and develop this new 

market for zero emission construction 

machinery. Using their large procuring 

power, buyers can and should set climate 

demands in their tenders. This way we can 

ensure a better future for all. 



 т 

 

ZERO EMISSION CONSTRUCTION SITES: STATUS 2019 

INTRODUCTION 

In June 2018, Bellona published a report on Zero 
Emission Construction Site machinery. This was 
generally well received. There have been significant 
developments, which has prompted an update.  

Construction plays a key role in society by 
maintaining and building new infrastructure, 
housing, offices, and public spaces. With 
global populations expected to increase to 
8.6 billion and 9.8 billion by 2030 and 
2050 respectively, and with major 
infrastructural changes to made in the 
meantime, there is little doubt that 
construction activity is set to increase. 
Meanwhile, atmospheric greenhouse gas 
concentrations are rising to alarming levels 
and emissions need to fall rapidly in order to 
keep global temperature increases below 
1.5°C, in line with the Paris Agreement. In 
addition to this, increasing impacts of air and 
noise pollution on human health are 
exacerbating the need for a technological 
shift away from fossil fuel combustion. As 
such, it is important that an industry which 
plays a major role in the transition looks at 

how it can decarbonise itself.   

The global construction industry contributes 
23% of the worldõs CO2 emissions across its 
entire supply chain. Approximately 5.5% of 
these emissions come directly from activities 
on construction sites, predominantly through 
the combustion of fossil fuels to power 

machinery and equipment.  

Construction machinery is essential in any 
construction project and it is vital that we find 
solutions to continue to use them without 
endangering the lives of workers, citizens 

and future generations. While the current 
stock of machinery is polluting, new and 
clean technologies are rapidly emerging and 
public buyers, such as cities, can play a key 
role in encouraging the development and 

deployment of these machines.  

Using their vast public purchasing power, cities 
can create a new market and push 
manufacturers, contractors, and suppliers to 
adopt new technologies and methods to 
enable the construction industry to continue its 

vital work, without damaging our environment.  

This report will propose definitions which can 
be adopted by contracting authorities in their 
public tenders and in statements, to provide 
further clarity. It will also set out the impacts of 
current machinery, due to their noise, air 
pollutants, and GHG emissions. There will be 
an outline of what cities plan to do to address 
the impacts of construction machinery. Market 
advances, drawn from public statements, will 
be listed to demonstrate that zero emission 
machinery exists and that contracting 
authorities should feel comfortable in setting 
ambitious environmental criteria in their 
tenders. The report will outline current EU 
policy developments on the topic of 
construction machinery emissions, to illustrate 
what the outlook for policy is likely to be in the 

coming years.  

https://population.un.org/
https://www.sciencedirect.com/science/article/pii/S1364032117309413
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SCOPE AND DEFINITIONS 

This report focuses on the machinery and 
equipment which is operated within the 
boundaries of a construction site. These 
machines are predominantly powered with 
the combustion of fossil fuels. There are 
many different parts of the construction 
sector which require decarbonisation 
efforts; however, the operation of 
construction machinery has thus far received 

relatively little attention.    

The goal of this report is to enlighten all 
stakeholders involved in the construction 

industry as to the impact of conventional 
machinery and the benefits and 
opportunities of a technological shift to 
zero emissions. The hope is that this report 
will galvanise the support of big buyers 
such as public authorities and major 
contractors and change their procurement 
methods and operations so as to encourage 
the uptake of zero emission construction 

machinery and equipment. 

 

Heating 

Construction  

Machinery 

Transport on  

the Site 

EMISSION-FREE WITHIN THE BUILDING FENCE 
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DEFINITIONS 

Zero Emission Construction Site:   
A construction site in which construction activities 
are carried out exclusively with zero-emission 
construction machinery or equipment, and all 
transport of goods and people to and from the 
site using zero emission vehicles. The providence of 

the energy carrier is not included. 

The terms Zero Emission and Emission Free can 
be used interchangeably. To avoid confusion, this 

report only refers to Zero Emission. 
Zero Emission Construction  

Machinery and Equipment : 

Machinery or equipment which does 

not emit pollutants at the point of use. 

The providence of the energy carrier 

is not included1. 

These tend to use electricity or 
hydrogen as an energy carrier. The 
providence of the electricity or the 
hydrogen is not included in this 
definition.  It will of course be 
necessary to also work on electricity 
to come from renewable sources and 
for hydrogen to be produced with 

additional renewable energy.    

As a contract, the term fossil-free construction site 
is also used in some projects. We define this in 

the following way: 

Fossil-Free Construction Site:   
A construction site which construction activities are 

carried out without the use of fossil fuel. 

Generally, fossil-free is used for operations 
where conventional diesel fuel is replaced with 
biodiesel or biogas, fuels not of fossil origin. 
These cannot be termed zero emission fuels as 
the combustion of biofuels result in air pollutants 

being emitted locally.    

Zero Emission Construction  

Logistics:   

The transport of goods and people to 
and from the site using zero emission 

vehicles. 

The following definitions  should be adopted as widely as possible 

to reduce confusion and ensure a clear and succinct dialogue. 

In addition to construction machinery and logistics, materials 

are a major contributor to the carbon footprint of construction. 

Even though materials are in scope for this report, we include 

the definition below for further discussion. 

Net-Zero Carbon Construction Materials:                

Construction material with close to zero direct or indirect CO2 

emissions.  

For more information on the decarbonisation of construction 

materials please refer to our report ôIndustryõs Guide to 

Climate Actionõ.   

1The reason for not including electricity production emissions is that the focus here is on emissions from the demand-side. In the transition 
towards a zero emission society based on renewable energy it is paramount to develop zero emission solutions on the supply and demand 
side simultaneously.  

https://bellona.org/publication/an-industrys-guide-to-climate-change
https://bellona.org/publication/an-industrys-guide-to-climate-change
https://bellona.org/publication/an-industrys-guide-to-climate-change


 мл 

 

EMISSIONS FROM CONSTRUCTION SITES 

GREENHOUSE GASES 

The climate crisis is gaining in intensity at an alarming rate. Recently, the UKõs Met Office 
confirmed that all 10 of the countryõs hottest years have occurred since 2002. The IPCC 
has produced several Special Reports in the past couple of years outlining the urgency 
and necessity of reducing emissions. In the meantime, the Arctic is facing increasing 
temperature anomalies, with the European Space Agency measuring anomalies of up to 
13°C compared to the 1981-2010 average. In light of the increasing manifestation of 
anthropogenic impact on the climate, it is time to radically reduce greenhouse gas 
emissions. The best time to reduce emissions is yesterday, the second best time is now. 
This means every single activity which emits GHGs needs to contribute towards this global 
effort to prevent climate breakdown. This of course includes the emissions from construction 

machinery.   

Warming Stripes; Credit: Ed Hawkins 

CO2 Mitigation Curves; Credit: IPCC 

The European Union 
estimates that 100 
MtCO2e are emitted 
annually from Non-Road 
Mobile Machinery  in 
Europe. This includes 
construction machinery, 
inland waterway 
transport, railcars and 
locomotives, and 

agriculture machinery.  

https://www.metoffice.gov.uk/about-us/press-office/news/weather-and-climate/2019/state-of-the-uk-climate-2018
https://climate.copernicus.eu/surface-air-temperature-may-2019
http://folk.uio.no/roberan/t/global_mitigation_curves.shtml
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There is varying information about the exact 
GHG emissions of construction machinery. 
This section outlines the existing literature to 

provide a better picture. 

Only 16   of the EUõs 28 Member States 
report the specific emissions from 
construction machinery, with Italy and 
France the most significant omissions from 
the statistics. Yet according to their emission 
inventories, construction machinery in these 
16 EU countries emitted 20 MtCO2e from 
construction machinery in 2017. This is 
higher than the total emissions of 5 EU 
Member States: Slovenia, Luxembourg, 
Cyprus, Latvia and Malta. Not all countries 
report this data, therefore actual overall 
emissions of construction machinery in the EU 
is certainly higher. Countries not reporting 
their emissions are Cyprus, Czechia, Estonia, 
France, Greece, Ireland, Italy, Malta, 
Poland, Portugal, Romania and Slovakia. 
Extrapolating from known emissions, the 
estimated total emissions of construction 
machinery in the EU are almost 40 MtCO2e. 
This is higher than 8 EU countries. This would 
mean construction machinery also emits 
more than Croatia, Estonia and Lithuania. 

The data is available in the annex. 

A DNV GL report commissioned by Osloõs 
Climate Agency, estimates that between 
120 and 240 Mt of CO2e come from 

construction sites in the C40 cities. The 
Greater London Authority reports that in 
Greater London alone, construction 
machinery accounts for 150 000 tons of 

CO2.  

A study for Volvoõs Construction Climate 
Challenge estimates that 25% of the carbon 
emitted from infrastructural projects in 
Sweden comes from fuel consumption. This 
would include both transport of materials, 

as well as the operations on the site.  

Several academic studies have been made 
to assess the environmental impact of 
machinery in construction. One study looking 
at the construction of two skyscrapers found 
that the foundation phase requires the most 
intense use of machinery, since much of the 
work requires earthmoving equipment. 
During this phase of a project, it is 
estimated that 19% of GHG emissions come 
from equipment use. This would imply that 
the foundation phase of a construction 
project requires specific attention when it 
comes to planning for the reduction of 
emissions from machinery. The carbon 
footprint of machinery during the foundation 
phase amounts to approximately 
51kgCO2e/m2. This concurs with DNV GL, 
which finds that 37kgCO2e/m2 is emitted by 
machinery during an entire construction 

project. 
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HOW MUCH DOES CONSTRUCTION MACHINERY CONTRIBUTE TO CLIMATE CHANGE? 

https://www.klimaoslo.no/wp-content/uploads/sites/88/2019/06/Perspectives-on-zero-emission-construction.pdf
https://data.london.gov.uk/dataset/london-atmospheric-emissions-inventory--laei--2016
https://data.london.gov.uk/dataset/london-atmospheric-emissions-inventory--laei--2016
https://constructionclimatechallenge.com/wp-content/uploads/2019/06/CCC-Research-Impres-Executive-Summary.pdf
https://www.sciencedirect.com/science/article/pii/S0360132315301104#bib5
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AIR POLLUTION 

According to the European Environmental 
Agency, air pollution is the most significant 
environmental factor affecting human 
health. In the EU, approximately 400õ000 
people die prematurely due to air 
pollution every year. The World Health 
Organisation estimates that every year 
4.2 million people die prematurely 
around the world due to air pollution. PM 
is known to penetrate deep into the body 
via blood vessels, causing cardiovascular, 
cerebrovascular, and respiratory 
diseases. There are also increasing 
concerns, without conclusive evidence as of 
yet, over ultrafine particles (UFPs) which 
penetrate even deeper into the body than 
larger particulate matter. This is to say 
that potential effects of air pollution are 
likely to extend beyond what we currently 

measure and understand.  

However, we already know that air 
pollution is a major health risk. Air 
pollution disproportionately affects young 
and old citizens who are more sensitive to 
air pollutants, and poor and marginalised 
communities, who are more likely to be 
exposed to air pollutants. It is also 
important to note that air pollution can be 
very localised. Similarly, to being 
exposed to noise, air pollution can be 
short and intense, or mild and extensive. 

Long-term exposure to relatively mild 
levels of air pollution can still have 
harmful long-term effects on human 
health, just as short-term exposure to high 
levels of pollution can have immediate 
effects. The WHO makes it clear that, 
despite setting recommendations for 
pollution limits, there is no such thing as a 
ôsafe levelõ level of exposure to air 
pollutants, since any exposure is negative 
to human health. The WHO states:  

 

òThe lower the levels of air pollution, the 
better the cardiovascular and respiratory 
health of the population will be, both long

- and short-term.ó  

 
Critically, air pollution is a burden to 
public health systems, which do not 
receive funding or compensation from 
those responsible for emitting air 
pollutants. While it is very difficult to 
quantify the exact costs, this is a clear 
violation of the òpolluter paysó principle, 
which is a fundamental aspect of the 
European Union õs treaties . It is essential 
that the public health crisis resulting from 
air pollution be addressed by tackling the 
root cause, namely by eliminating 

emissions of air pollutants. 

Credit: Unsplash 

https://www.eea.europa.eu/media/newsreleases/many-europeans-still-exposed-to-air-pollution-2015/premature-deaths-attributable-to-air-pollution
https://www.who.int/airpollution/ambient/health-impacts/en/
https://www.umweltbundesamt.de/sites/default/files/medien/376/publikationen/uba_ufp_health_effects_haupt_final.pdf
https://www.who.int/news-room/fact-sheets/detail/ambient-(outdoor)-air-quality-and-health%20%5b
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HOW MUCH DOES CONSTRUCTION MACHINERY CONTRIBUTE TO AIR POLLUTION? 

Construction machinery is a significant 
contributor to air pollution, particularly in 
urban areas where air pollution is already a 
problem. Much like conventional road 
vehicles, the combustion of fossil fuels to 
power the machinery results in the emission 
of air pollutants, particularly, NOx, CO, and 
PM. In recent years, efforts have been made 
to address this, for instance by enforcing 
emission standards and mandating the use of 
filters. However, it is impossible to eliminate 
the emissions of air pollutants whilst burning 
fossil fuels. As such, while construction 
machinery continues to be fuelled in such a 
way, their use will continue to impact the 
health of citizens, particularly of workers on 
the site and of people working or residing 
nearby. The Trades Union Congress lists the 
following occupations as those most exposed 
to diesel exhaust: professional drivers, 
including buses, trains, lorries, fork lifts, 
tractors and cars, those who work in 
warehouses, garages, construction workers, 
seafarers,  underground workers, 
maintenance workers, and anyone who is in 
an enclosed space near a diesel engine, such 
as administrative staff. In the UK in 2005, 
the Health and Safety Executive found that 
each year more than 230 construction 
workers die from cancers caused by 
exposure to diesel fumes , the highest 

amount of all the sectors examined.  

In London, 9% of PM2.5, 4% of PM10, and 
6% of NOx emissions come from the exhaust 
fumes of construction machinery. Amsterdam 
estimates that 10% of NOx and 4% of 
Particulate Matter concentrations are due to 
construction machinery. As cities become 
increasingly aware of air pollution impacts 
and turn to ôLow Emission Zonesõ and 
alternatives to conventionally-fuelled 
transport, construction machinery has 
remained relatively unregulated. They are 
frequently omitted from Low Emission Zones, 
which regulate the access and operation of 
vehicles within designated areas. In fact, the 

International Council on Clean Transportation 
warns that, in light of increasing legislation 
and efforts to clean up road vehicles, the 
share of emissions coming from non-road 
machines is likely to increase and òbecome 
the dominant source of air pollution in the 

world.ó  

Due to the emissions of air pollutants, 
conventional machinery is used in a 
restrictive way when work must be carried 
out indoors. Using such machinery in tunnels 
and basements, for example, often requires 
multiple operators working in shifts, so as to 
avoid overexposure to dangerous air 
quality. Switching to zero emission machinery 
therefore provides an added benefit to 
contractors and workers, who may use their 
equipment more efficiently and in more 

applications. 

Thankfully, cities are catching on and looking 

into how they can reduce air pollution from 

machinery. More information about city 

initiatives is available on pages 21-29. 

https://www.sciencedirect.com/science/article/pii/S1877705817330801
https://www.tuc.org.uk/sites/default/files/DieselExhaustWorkplace1.pdf
http://www.hse.gov.uk/research/rrpdf/rr800.pdf
http://www.hse.gov.uk/research/rrpdf/rr800.pdf
http://www.hse.gov.uk/research/rrpdf/rr800.pdf
http://www.hse.gov.uk/research/rrpdf/rr800.pdf
http://www.hse.gov.uk/research/rrpdf/rr800.pdf
http://www.hse.gov.uk/construction/healthrisks/cancer-and-construction/diesel-engine-exhaust.htm
http://www.hse.gov.uk/construction/healthrisks/cancer-and-construction/diesel-engine-exhaust.htm
https://data.london.gov.uk/dataset/london-atmospheric-emissions-inventory--laei--2016
file:///C:/Users/irini/Downloads/clean_air_action_plan (1).pdf
https://theicct.org/sites/default/files/publications/Non-road-vehicle-management_ICCT_consultant-repor_24042017_vF.pdf
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NOISE POLLUTION 

Exposure to noise is a general health hazard 
in the workplace. Hearing loss accounts for 
approximately 10% of compensation for 
occupational diseases in the European Union. 
Tinnitus is a common hearing dysfunction 
resulting from prolonged exposure to noises. 
Some impacts on hearing can be the result 
of prolonged exposure to ôear-safeõ levels 
of noise. This is obviously the case of 
construction workers, who are in the near-
daily presence of machinery producing loud 
noises of various sources. This can impact 
cardiovascular function (hypertension, 
changes to blood pressure and/or heart 
rate), changes in breathing, annoyance, 
sleep, physical health and mental health. A 
study on the impact of construction noise in 
Beijing estimated that the social cost to the 

city is around ϵ2 million for large projects, 

primarily due to sleep disruption. This did 
not include further economic impacts on local 

businesses such as hotels and restaurants, 
which can expect reduced income if they are 

near noisy construction sites. 

Noise can also affect the operations on the 
construction site. Difficulty in communicating 
as a result of noise often leads to operator 
mistakes. Due to the exposure to noise, 
workers are often required to wear 
protective headgear to reduce their 
exposure. However, the EU OSHA states, 
"fatal accidents have been reported that 
involved backup manoeuvres on construction 
sites, even when the vehicles had functional 
sound alarms complying with current 
regulations". While regulations do their best 
to reduce the impact of noise, the fact of the 
matter is that the full extent of the impact 
cannot be avoided and efforts must be 
made to reduce noise from construction sites 

as opposed to measures to adapt to it.  

HOW MUCH DOES CONSTRUCTION MACHINERY CONTRIBUTE TO NOISE? 

Impact Noise 

Noise from impact can occur from the use of 
jackhammers, dump trucks, drilling machines, 
piling machines, cement cutters, electric saws, 
tamping machines and welding machines, as 
well as hand tools such as sledgehammers 
and drills. These machines also produce 
vibrations which can also affect human 
health. Impact noise tends to come in 
repeated short bursts lasting several 
seconds. At latest assessment, the noise from 
impact occurring from construction operation 
cannot be avoided and is not within the 
scope of this report. Unfortunately, 
construction sites will always be noisy to 

some degree due to impact noise. 

 

 

Engine Noise 

Noise from the engine is usually lower than 
impact noise. The United States Federal 
Highway Administration lists the noise levels 
of various types of construction machinery, 
both impact and non-impact. Most 
measurements for non-impact machinery lie 
within the legal noise range for the EU, which 
is set between 80-85dB. Nonetheless, 
despite being compliant with legal 
requirements, as noted above, prolonged 
exposure to noise also affects human health. 
Unlike impact noise, engine noise is constant, 
which presents a health hazard when 
exposed for long periods of time. Wearing 
protective hearing gear is necessary in these 
cases, which helps mitigate the health 
impact, but makes communication more 
difficult and can increase the likelihood of 

accidents and damage.  

file:///C:/Users/irini/Downloads/TE6905723ENC_-_Noise_in_figures.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5129255/
https://www.fhwa.dot.gov/Environment/noise/construction_noise/handbook/handbook09.cfm
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REDUCES GHG EMISSIONS 
Firstly, zero emission machinery has substantially less GHG emissions than 
conventional machinery. Using average OECD carbon intensity of electricity 
production, emissions of electric equipment are approximately 40% lower than 
diesel machinery over its lifetime. With renewables expected to become the 
dominant form of power generation over the next decades, lifetime emissions 
will continue to fall. Unfortunately, the climate impact has been severely 
overlooked in legislation and has left the sector without guidance or the 
political need for innovation to address this. In the context of the climate 
urgency in real terms, and the Paris Agreement and the EUõs climate goals in 
political terms, it is clear that the GHG emissions from construction machinery 
must be eliminated as quickly as possible. While zero emission machinery is not 
yet strictly zero emission along the whole lifecycle, it already presents 
emissions and energy savings  when compared to machinery using an internal 
combustion engine. The efficiency of the electric powertrain and the reduction 
of emissions from the energy sector therefore make zero emission machinery 
viable technologies to address the emissions from this necessary activity. 
Furthermore, in conjunction with lower emissions in the production of electricity 
and hydrogen, it is possible for construction sites to be zero emission along the 
entire supply chain. It is critical to note that efficiency improvements in diesel 

engines will never result in zero emissions. 

NO DIRECT AIR POLLUTION 
Secondly, there is no direct air pollution from the use of 
zero emission machinery. This presents obvious benefits 
to both construction workers, which are highly exposed to 
conventional diesel fumes, and to the general 
population, which is increasingly exposed to and aware 
of the health risks of air pollution. An added bonus of 
this lack of air pollutants is that the equipment can be 
used indoors, such as tunnels and basements, with much 
less restrictions than conventional machinery. This 
improves workersõ health as well and opens new 

possibilities for the use of equipment.   

https://www.klimaoslo.no/wp-content/uploads/sites/88/2019/06/Perspectives-on-zero-emission-construction.pdf
https://www.klimaoslo.no/wp-content/uploads/sites/88/2019/06/Perspectives-on-zero-emission-construction.pdf
https://www.klimaoslo.no/wp-content/uploads/sites/88/2019/06/Perspectives-on-zero-emission-construction.pdf
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LESS NOISE POLLUTION 
Thirdly, zero emission equipment produces significantly less noise 

and vibration. All manufacturers of zero emission machinery 

advertise substantial reductions in these areas. This again reduces 

the impact on workersõ health and reduces nuisance to those living 

and working in the vicinity. Less noise opens up the possibility of 

working at night time if necessary and is conducive to a much better 

living environment for all involved. Noise from the engine is 

significantly reduced when changing the powertrain. A video of the 

worldõs first zero emission construction site, in Oslo, showcases the 

silence of electric machinery. The YouTube show Fully Charged, 

which reviews electric vehicles, tested a JCB 1-ton electric 

excavator and emphasised the low noise levels of the machine. JCB 

confirmed on the show that a ôbeepõ noise was inserted at ignition 

because otherwise operators would not be able to tell that the 

excavator is on. Indeed, noise at the operator station is reportedly 

10 dB   less than the diesel version. Exposure to 85dB can cause 

permanent damage to hearing, whereas the impact below 75dB is 

negligible. Reducing the noise of construction machinery and 

equipment can have a positive effect on the operations on-site, not 

only by reducing the likelihood of operator miscommunication and 

subsequent accidents, but also improving the wellbeing of 

construction workers. Reducing the noise of a construction site 

presents a benefit to society as a whole, by improving work 

conditions, reducing noise-induced health impacts, and ensuring a 

better environment altogether.  

/ǊŜŘƛǘΥ CŜƭƛȄ CŜŀǘǳǊŜǎ 

https://twitter.com/GreenOslo2019/status/1169144212144738305?s=20
https://www.youtube.com/watch?v=cumZxYjzx6M
https://www.noisehelp.com/noise-dose.html
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LOWER RUNNING COSTS 
The evidence suggests that a shift from diesel to electricity provides 

much lower operational and maintenance costs. This shift will reduce 

dependence on oil, thus insulating contractors from the high volatility of 

oil prices while also reduce oil imports and improving energy security. 

Annually, the EU spends around ϵ17 billion a month on energy imports. 

Furthermore, electricity as a fuel is cheaper and the motors are more 

efficient at transferring the energy into motive power. These machines 

also have fewer moving parts and require less maintenance, avoiding 

the need for oil changes and replacing air filters. For this reason, it is 

assumed that electric machinery has 50% longer lifetime than diesel 

machinery. A 25-ton diesel excavator consumes approximately 284 

000 L of diesel. Depending on the price of diesel and of electricity, an 

electric 25-ton excavator produces fuel cost savings of between     

ϵ100 000 to ϵ240 000 over the lifetime of the machine.  

OPPORTUNITY FOR EU INNOVATION 
The development of new technologies for construction machinery 
opens up an opportunity for the EU to take the lead in the 
innovation of the sector. Many large manufacturers already exist 
and need to adapt to the future economy. Doing so sooner rather 
than later is essential and delaying such a transition will only 
damage EU industry. The European car industry has infamously 
delayed action on climate change and is now paying the price, with 
future estimates banking on US and Chinese firms to take the lead. 
As such, the EU currently has the opportunity to be a first-mover in 
this field and ensure that it remains a global leader when it comes 

to the manufacture of construction machinery. 

/ǊŜŘƛǘΥ{ǳƴƪŀǊ IY 

https://www.klimaoslo.no/wp-content/uploads/sites/88/2019/06/Perspectives-on-zero-emission-construction.pdf
https://www.klimaoslo.no/wp-content/uploads/sites/88/2019/06/Perspectives-on-zero-emission-construction.pdf
https://www.klimaoslo.no/wp-content/uploads/sites/88/2019/06/Perspectives-on-zero-emission-construction.pdf
https://www.suncar-hk.com/en/electric-excavators/advantages
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Zero emission equipment is not yet perfect 
and arguments are made against their use: 
they are still more expensive to purchase 
than diesel machines; the energy supply to 
the site needs to be sufficient to provide the 
extra power for the machinery; there arenõt 
as many models available on the market; 
contractors do not yet have the experience 
to operate this machinery. However, these 
challenges must be overcome to enable the 
construction industry to contribute to a 

sustainable future.   

Public authorities can play a key role in 
overcoming these challenges by using their 
financial muscle. The substantial amounts of 
money they spend on construction projects 
can be used to reward sustainable and 
innovative practices. Using public 
procurement as a tool for innovation has 
gained traction in the EU, and construction is 
a prime sector for this. The purpose is to 
create large market demand for products 
which are not yet fully commercially viable. 
Public authorities can use their role as a 
large buyer to set targets for the market to 
comply. They can also shoulder additional 
risk and spend a little extra money, for the 

sake of helping to develop or test a solution.  

It is suggested that new zero emission 
equipment is approximately 20-30% more 
expensive than a new conventional machine, 
while retrofitting of some machines can be 
about 3 times more expensive[1]. The high 
capital cost is a substantial barrier to the 
uptake of zero emission technologies. This is 
largely due to the high price of batteries 
and smaller economies of scale. 
Nevertheless, as battery prices continue to 
fall  and as global production ramps up to 
meet increased demand, the upfront cost is 

likely to fall as  

 

well. With large buyers issuing demands for 
zero emissions, manufacturers will inevitably 

comply.  

The practicalities of deploying electric 
equipment are still being discovered. At this 
stage, one construction site in the world is 
fully operated by zero emission machinery. 
Progress is being made on this front, with 
several cities in Europe expressing interest in 
developing pilot projects, which will provide 
valuable lessons on what to do and what not 
to do when operating a zero emission 
construction site. These pilot projects are a 
key step in this transition. Quantifying the 
energy needs of electrifying the machinery 
and finding the best business model to 
encourage contractors to switch to zero 

emissions are important steps.  

Nevertheless, public buyers can already 

incorporate zero emission equipment into 

their tenders which will provide visibility to 

the issue and already send a message to the 

market that emissions must be considered. 

Providing a bonus to tender applications 

which plan to use zero emission machinery 

will encourage contractors to use them as a 

way to get the edge over competitors. 

Changing the tender criteria altogether is an 

even better way of internalising external 

costs, such as air, noise and climate pollution. 

Using the Most Economically Advantageous 

Tender (MEAT) criterion is a way to ensure 

that other aspects such as pollution, quality 

of the work, social and innovative 

characteristics are included in the 

assessment. The city of Oslo has successfully 

implemented these criteria. More details on 

this are available below.  

THE CHALLENGES AND HOW TO OVERCOME THEM 

https://www.anskaffelser.no/sites/anskaffelser2/files/utslippsfri_anleggsplass_olav_v_-_presentasjon_bjorn_bym_oslo_difi_20.06.2019.pdf
https://euc-word-edit.officeapps.live.com/we/wordeditorframe.aspx?ui=en%2DGB&rs=nb%2DNO&WOPISrc=https%3A%2F%2Fmiljstiftelsenbellona%2Esharepoint%2Ecom%2Fsites%2FBellonaEuropa799%2F%5Fvti%5Fbin%2Fwopi%2Eashx%2Ffiles%2F7691b045c0ac49cca2036d08e337f392&wdEnableR
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BIG BUYERS  

The Big Public Buyers Initiative is a platform for promoting and enabling collaboration 

between big public buyers on strategic public procurement to help drive the market for 

innovative goods and services. The main aim of the initiative is to enhance the uptake of 

strategic public procurement in Europe through partnerships with public buyers. The project is 

run collaboratively by ICLEI and Eurocities, who both have access to an extensive network of 

cities.  

In this initial pilot phase, one of the three working groups is dedicated to ôZero Emission 

Construction Sitesõ, or ZEMCONS. The goal is to discuss the best available information, share 

best and worst practices, and look at ways of cooperating together. In the short-term, the 

Working Group plans to engage in a market dialogue and issue a joint statement of intent: 

that participating cities will go for zero emission technology on their construction sites by a 

certain date. This joint statement of intent will provide a strong signal to market players that in 

order to compete for large public tenders, such as those of large European cities, the use of 

zero emission machinery and equipment will be necessary in the near future. This should act as 

an incentive for early movers to accelerate their efforts and for laggards to react and catch 

up, applying much needed pressure on the sector to innovate.  

This working group is primarily led by Copenhagen, Helsinki, Oslo, and Stockholm. Other 
European cities have expressed interest in the progress that has been made on the 
decarbonisation of construction machinery. These include, Amsterdam, Brussels, Budapest, 
Lisbon, Nantes, Trondheim. This list is set to grow substantially as more and more cities join the 

call for zero emission construction sites.   

A notable outcome of this project is the facilitation of a market dialogue to help contracting 

entities and potential tender bidders understand how they can reduce emissions from 

construction site machinery.  

Membership to all working groups of the Big Buyers Initiative is open to any large public 

buyer and Bellona encourages those interested to join. More information is available here: 

http://www.sustainable-procurement.org/big-buyers-initiative/    

The C40 Mayors Summit, taking place in Copenhagen in 

October 2019, will act as the first Pan-European market 

dialogue on the topic of ôClean Constructionõ between public 

buyers and market players. This event will provide a setting 

for cities to jointly promote the idea reducing emissions from 

construction sites, while allowing the relevant market players 

to express their concerns and showcase their latest 

technologies and solutions.   

http://www.iclei-europe.org/projects/?c=search&uid=XTMlsYtJ
http://www.sustainable-procurement.org/big-buyers-initiative/
https://c40summit2019.org/
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CITIES 

In the current political climate, cities have become the leaders of the global movement 

towards cutting emissions. Cities can influence around 70% of the worldõs emissions and 

are home to 75% of Europeans. As such, they play a key role in the sustainable energy 

transition. Organisations such as C40 Cities, ICLEI and Eurocities are taking large steps 

towards decarbonisation and are creating better environments to live in. Aiming to 

protect citizens from noise and air pollution, several cities have established Low 

Emission Zones (LEZs), where urban access for some polluting road vehicles is restricted 

or deterred. As of 2019, there are 250 LEZs in the EU.  

Zero Emission Zones (ZEZs) go even a step further, banning all internal combustion 

engine vehicles including hybrids. In ZEZs only all-electric vehicles and fully electric 

public transport is allowed, making walking, and cycling in these zones a more 

pleasant experience. Up to now only an Ultra-Low Emission Zone (ULEZ) has been 

introduced in London (see below), which will hopefully encourage other cities to 

follow the lead and establish LEZs, ULEZs and even ZEZs in the near future. While 

LEZs are generally confined to road vehicles the next step to ensure the wellbeing 

of city dwellers would be to include other sectors which are big emitters into these 

zonal regulations.  

Several cities are coming to grips 

with the negative climate and 

health impact of conventional 

construction equipment. In this 

section we list the European cities 

which have made and will continue 

to make significant progress in 

striving towards reducing emissions 

from construction sites.  

/ǊŜŘƛǘΥ CŜƭƛȄ CŜŀǘǳǊŜǎ 

https://ec.europa.eu/clima/policies/international/paris_protocol/cities_en
https://www.bbc.com/news/science-environment-47816360
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OSLO 

Oslo is very much a leader when it comes to 
Zero Emission Construction Sites. As a first-
mover on the topic, the decisions that the city 
takes are likely to set tone for all future 
efforts to decarbonise construction sites. 
Cities will seek to learn from Osloõs best 
practices and mistakes, and will shoulder less 
economic burden as a result of Osloõs 
willingness to take a risk. The impact of 
Osloõs work is likely to be reproduced in 

other cities around the world.  

In the Norwegian capital, emissions from 
construction vehicles and machinery 
account for 7% of total emissions  . In the 
meantime, the city also plans to reduce 
emissions by 95% by 2030 ð one of the 
most ambitious climate targets to date ð 
which is why the city is working on reducing 
emissions from public and private 
construction sites. As a first step, 
Omsorgsbygg Oslo KF, Osloõs municipal 
developer for building kindergartens, 
nursing homes, fire stations and emergency 
rooms, among others, took the lead in 2016 
- in collaboration with Bellona - and set a 
public procurement standard for its tenders, 
aiming for fossil-free construction sites. This 
change required a relatively simple 
adjustment for contractors: switching from 

diesel to biodiesel. As a result, all new 
construction procured by Omsorgsbygg was 
set to this standard, demonstrating the role 
of using procurement standards to push the 
market towards cleaner technologies. This 
change was so successful that the city of 
Oslo set fossil-free construction as a minimum 
requirement for all public works in the city, 

to reduce GHG emissions. 

The shift proved too simple for 
Omsorgsbygg. Over the course of 2016 the 
conversation shifted from fossil-free towards 
zero emissions as a target, and 
Omsorgsbygg developed a new criterion for 
all tenders: òWhat can be run electric, shall 
be run electric.ó As there were few electric 
solutions available this criterion had little 
immediate impact ð however, it was 
certainly taken note of in the market. 
Several more market dialogues were held in 
2017 and 2018 to prepare the market for 
the public procurement of zero emission 
solutions. And in 2018 both municipal 
developer Omsorgsbygg and Oslo 
municipal agency Bymiljøetaten unveiled 
plans for the procurement of a zero emission 
construction site. The street upgrading 
project of Bymiljøetaten started 2 

September 2019 (see p.24) 

CHANGES IN 2019 

Based on the efforts in the two announced 
pilot projects, Oslo municipality decided to 
revise its procurement policies. In line with 
their 2030 targets, Oslo has decided to push 
the market further and ask all future 
construction projects to use zero emission 
machinery and vehicles . In 2019, tender 
requirements were changed to reflect this. 
The plan will ensure emissions reductions 
from construction projects, ensure 
predictability, and ensure innovation and 
market development of zero emission 
machinery. As of October 2019, all of the 
cityõs publicly procured construction projects 

will have a minimum requirement for fossil-
free construction. However, by 2025 all of 
Osloõs public construction sites will 
operate zero emission machinery and zero 
emission transport of materials and 
workers to the site. This is a significant step, 
which demonstrates the cityõs commitment to 
making zero emission construction sites a 
universal reality and sends a clear signal to 
market players that they must work on 
developing new solutions before their 
competitors if they want to win any public 

tender put forward by the city.  

 

https://www.klimaoslo.no/wp-content/uploads/sites/88/2019/06/Perspectives-on-zero-emission-construction.pdf
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CHANGES IN 2019 

Furthermore, Osloõs construction budget is not-insignificant 10 billion NOK a year (1 
billion EUR a year). Norwegian companies are already feeling the pressure; failing to 
comply with these standards will mean missing out on extremely large projects. This has 
resulted in several new machines being developed, simply due to this change in procurement 
rules.  For projects worth 50 million NOK (5 million EUR) or above, the minimum requirement is 
zero emission heating and drying equipment, mainly used for drying concrete.  For projects 
worth 5 million or above, contractors which specify the use of zero emission machinery and/or 

heavy duty vehicles are given a ôbonusõ when it comes to the award criteria.  

Oslo has recently changed the criteria for which to evaluate the contractors, providing 
additional weighting on environmental criteria. The new requirements adopted by the City 
Government imply that the evaluation of a tender application awards environmental 

performance:  

CƛƎǳǊŜ мΥ LƴŦƻǊƳŀǝƻƴ {ƻǳǊŎŜΥ hǎƭƻ YƭƛƳŀŜǘŀǘŜƴ  

https://www.klimaoslo.no/wp-content/uploads/sites/88/2019/11/Climate-and-enviromental-requirements.pdf
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This change in procurement methods for 
construction projects affects many different 
departments of the Oslo government. All of 
Osloõs municipal undertakings  and agencies, 
for example Omsorgsbygg, the   Municipal 
Undertaking for Social Service Buildings; Oslo 
Havn, the cityõs port authority; Boligbygg, the 
Municipal Undertaking for Social Housing; 
Kultur og idrettsbygg, the Municipal 
Undertaking for Cultural and Sports Facilities; 
and Undervisningsbygg, the Municipal 
Undertaking for Educational Buildings and 
Property, must abide by the new rules. These 
organisations are collectively responsible for 
a large share of the cityõs construction work, 
which is expected to be worth well above 1 
billion EUR a year for the next 4 years. The 
regulation also states that from 2025 all 
construction work commissioned by the city 
should be zero emission, and this is included as 
a formal contractual requirement in all 
contracts from 2019 onwards.  The new 
regulation provides ample proof to the 
market that the city is serious in its mission to 

tackle emissions from construction sites and 
that the market will need to develop solutions 
to be able to compete for these valuable 
contracts. Bellona has partnered with 
manufacturers and the Oslo City Council within 
the so-called pilot-e projects to produce zero 
emission diggers, concrete mixers, and pumps. 
The use of electric diggers in Oslo is expected 
to save around 100 000 tons of CO2 every 
year.  Veidekke, a construction company, 
estimates that replacing a conventional 25-ton 
excavator with an electric model reduces 
emissions by roughly 52 tonnes of CO2 a 
year. A Swedish study estimates that the 
production of a 300kWh battery needed for 
such a machine would emit about the same as 
using a conventional excavator for a year. 
There is a complementary project for zero 
emission transport of cement from the 
production facility to the refining facility. As 
such, collaboration between local policy-
makers, industrial actors, and civil society is 
helping to develop innovative technologies to 

comply with Osloõs procurement standards. 

THE WORLDõS FIRST ZERO EMISSION CONSTRUCTION SITE 

OLAV V GATE: CASE STUDY 

On the 2nd of September 2019, Oslo initiated 
the worldõs first zero emission construction site 
after several years of planning. The project, 
run by Bymiljßetaten, Osloõs Agency for 
Urban Development, to pedestrianise a 
section of the street was chosen for its ideal 
location and high visibility, one of the cityõs 
most used streets and near the National 
Theatre and City Hall. The requirement for an 
entirely zero emission site, set by the tender, 

was purposely beyond what the market could 
offer at the time. Nevertheless, the suppliers 
came through and delivered 4 electric 
machines to operate on the site, 3 powered 
by batteries and 1 powered directly through 
an electrical cable. The equipment used to 
supply energy is regular. The cable-powered 
machine requires more current than the 

battery powered ones.  
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http://veidekke.no/om-oss/nyheter-og-media/pressemeldinger/article29921.ece
https://www.ivl.se/download/18.14d7b12e16e3c5c36271070/1574923989017/C444.pdf
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The tender process for the Olav V Gate 
project was split into several processes. A 
critical aspect of this procurement was that 
before publication of the tender, the Agency 
engaged with several suppliers to inform 
them and gather information on the available 
technology. Secondly, through a dialogue 
with four different contractors they 
determined which machines were needed. The 
market research revealed that these machines 
could be delivered, but that the availability 
was limited and the lead-time could be up to 
six months. Subsequently, a tender was 
published for the procurement of zero 
emission machinery and agreed a concession 
contract with a rental company that would 
acquire the machines from the suppliers, such 
as NASTA. The concession contract allows for 
these machines to be used in construction 
tenders. The tender for the construction 
project was published on the basis that the 
machines from the first tender be used in the 
project. In this way, the development of the 
equipment was expedited and the contractors 
had no choice but to operate the site on zero 

emission machines.  

Given this is a pilot project, the tender is 
somewhat unusual. The contracting agency is 
footing the energy bill and ensuring the 
electricity is available. Since there is a lack of 
information about the exact energy 
requirements of operating a full site with zero 

emission machinery, this helps reduce the 
economic risks for the contractor and provides 
vital data for all future projects. Since the site 
eliminates the consumption of fuel, this acts as 
an extra incentive for the contractors, who 
may be wary of operating a site in unfamiliar 
circumstances. This also means the contractor 
does not need to worry about providing the 
right amount of energy to site. Of course, the 
city acknowledges that this is a not a 
sustainable model but is an essential step in 
understanding how to properly operate a 
construction site without emissions. It is 
assumed that once more data is available on 
energy consumption, requirements and costs, 
and contractors are more familiar with 
operations of such a site, the city will proceed 
with issuing tenders in a more conventional 

way. 

NASTA worked in cooperation with its 
partner Hitachi to develop electric 
construction equipment, in the knowledge 
that these machines will be necessary to 
compete for Osloõs extensive construction 
project in the very near future. Hitachi 
developed the ZE85 electric excavator with 
Kiesel and the ZE160LC with NASTA, both of 
which are being used for this innovative 
project. The other electric machines used on 
the site are a Kramer 5055e, and a 

Caterpillar 323F Z-line. 

hƭŀǾ ± DŀǘŜ  /ƻƴǎǘǊǳŎǝƻƴ {ƛǘŜΤ /ǊŜŘƛǘΥΥ .ȅƳƛƭƧǄŜǘŀǘŜƴ 

https://www.klimaoslo.no/2019/06/20/emissions-free-construction-site/
https://www.nasta.no/anleggsmaskiner/spesialmaskiner/elektriske-anleggsmaskiner/
https://hitachicm.com.au/solutions/bauma-2019
https://www.nasta.no/anleggsmaskiner/spesialmaskiner/elektriske-anleggsmaskiner/
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AMSTERDAM 

Amsterdamõs final draft of the Clean Air Action Plan aims to bring the whole city to zero 
emissions by 2030. Regarding mobile machinery and generators for construction, 
Amsterdam is investigating how it may eliminate emissions by 2025. The city is planning 
on reducing emissions from mobile machinery such as diggers and excavators by setting 
low-emission criteria in tenders and awarding contracts which show sufficient ambition. 
In the future, the city of Amsterdam plans to investigate the possibility of banning diesel 
generators in certain areas, and other ways to encourage the use of clean machinery in 

construction projects. 

COPENHAGEN 

Copenhagen expects to grow by nearly 110 000 people by 2025 and has put its focus 
on the energy efficiency of buildings throughout their existence rather than the 
construction process. Through mapping, the city has discovered that procurement of craft 
such as construction and maintenance and the facilitiesõ management is responsible for 
half of the CO2-emissions coming from transport. As part of its climate strategy to 
become climate neutral by 2025, the city has committed to build all new municipality 
buildings and to renovate existing buildings according to low energy principles. A low 
energy building is characterised by having an energy-efficient design and technical 
features allowing it to maintain living standards with low energy. The city mainly focuses 
on new buildingõs energy consumption to be as low as possible by setting the right 
requirements. The fulfilment of these requirements will be also taken into consideration 

when giving construction permits. 

Copenhagen is also a leading member of the Big Buyerõs Initiative, and hosted the first 
Pan-European market dialogue on Clean Construction. At the C40 Summit in Copenhagen, 
Jørgen Abildgaard from the City of Copenhagen announced that the city aims to be 
fossil free by 2023. The cityõs climate plan states that it òis prepared to participate in 
demonstration projects in the area of constructionó and will implement procurement 
strategies with a focus on the construction sector. Suppliers should be ready to adapt to 
likely upcoming changes and look out for opportunities to participate in potential pilot 

projects.  

BERLIN 

The German capital expects ôsubstantial construction activitiesõ towards 2050, with a 
population growth of about 250 000 people. Furthermore, due to the cityõs efforts to 
improve energy efficiency in buildings, Berlin wants to increase the rate of renovation 
from 1%. Meanwhile, in a survey run for the city 28% of respondents were concerned 

about the pollution coming from construction sites.  

Indeed, 4% of the cityõs PM10 comes directly from construction NRMM exhaust. 
Therefore, the city plans to require Stage V machinery as a minimum from 2020 
onwards. Yet there are no plans to go beyond this towards zero emissions. The upcoming 
Clean Air Plan for the should look into how to eliminate emissions from construction 

machinery.  

file:///C:/Users/irini/Downloads/clean_air_action_plan.pdf
https://www.energycommunity.org/documents/copenhagen.pdf
https://kk.sites.itera.dk/apps/kk_pub2/index.asp?mode=detalje&id=983
https://mein.berlin.de/projects/umfrage-zum-luftreinhalteplan-2018-2025/
https://www.berlin.de/senuvk/umwelt/luft/luftreinhaltung/luftreinhalteplan_2025/download/Luftreinhalteplan.pdf
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HELSINKI 

The city is one of the fastest growing in Europe and is planning to invest vast sums of 
money on new construction. The Real Estate Strategy will look at how the city 
manages its own real estate. In the case of Helsinki, heating accounts for more than 
50% of the cityõs emissions. Therefore, in terms of construction and buildings, their 
focus lies on investing in energy renovations which have proven to reduce emissions by 
80%. Currently, the city is finding ways to bring private house owners to renovate 
their houses. Helsinki has set a target for 2020 where 100% of the cityõs procurement 
processes will include environmental criteria. For construction machinery, Helsinki is 
likely to change its tendering criteria, as expressed in its Carbon Neutral Action Plan, 
òIn the emissions reductions of heavy traffic and machinery, the tendering criteria are 
key.ó It is still unclear what these criteria will be and if this will be included in the Real 

Estate Strategy. However, it is likely that requirements will be similar to those of Oslo. 

LONDON 

Just like any other metropolitan city, air pollution is one of 
the major challenges London is facing. Construction 
machinery emissions in London are estimated to be 7% of 
NOx emissions, 4% of PM10 emissions and 8% of PM2.5. As 
opposed to what one might think, more PM2.5 emissions come 
from construction machinery exhaust than from construction 
dust. To reduce the construction sectorõs impact on the 
capitalõs air quality, the city has set limits on emissions 
coming from heavy duty vehicles for driving within the 
London Low Emission Zone (LEZ). To further tackle this 
issue, the city has announced it will establish an ultra-low 
emission zone in central London by 2020. Additionally, for 
the same year, there are a few regulations which will have 
to be followed by engines for 37kW-560kW on sites in 
London, which all target the final goal of having zero 
emissions from construction machinery throughout London by 
2040. The city is planning on meeting these requirements by 
òre-organising non-road mobile machinery fleet and 
replacing equipment which does not meet these standardsó 

amongst other.  

The city lacks the direct powers to regulate the sector and 
has therefore only issued guidance on a NRMM Low 
Emission Zone. However, the guidance essentially reflects 
existing European legislation, with the addition of a zero 
emission target by 2040. The Mayor of London is working to 
increase enforcement powers and will seek to review its 
standards to deliver the largest possible improvements. 
With the information available in this report, it is clear that 

more can be done in the British capital. 

/ǊŜŘƛǘΥ DŜǧȅ LƳŀƎŜǎ 

https://www.hel.fi/static/liitteet/kaupunkiymparisto/julkaisut/julkaisut/HNH-2035/Carbon_neutral_Helsinki_Action_Plan_1503019_EN.pdf
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PARIS 

ROTTERDAM 

The city recently published its Climate Action Plan where they state construction 
sites and quarries in the Île-de-France region are responsible for 18% of PM10 
particle emissions, 11% of PM2.5 particle emissions, and 3% of nitrous oxide 
(NOx) emissions in the region. The city plans to implement a Clean Worksite 
Charter supported by the French Atmospheric Protection Plan for all construction 
sites in the Paris area. Thus, project stakeholders can commit to reducing emissions 
from their construction sites by following the requirements. The city commits to 
reducing emissions from diesel machinery, without further stating how it plans to 

do so except for promoting the use of electric instead of diesel generators.  

The city also has ôaccompanying actionsõ to reduce emissions from construction 

sites. However, these are non-legal and are limited to the use of particulate 

filters. No plans are currently being made to fully eliminate emissions from 

construction sites. 

In Rotterdam, emissions from the transportation of construction materials are 
extremely high, accounting for over 95% of total emissions caused by the 
transportation of goods.  Therefore, since 2015, Rotterdam has a sustainable 
procurement approach for construction materials based on the use of 
environmental product declarations (EPDõs). Suppliers who can prove 
alignment with the EPDs, receive a reduction in the bid price. Rotterdam has 
done very necessary work in developing this form of green deal, giving the 
right sustainability framework for transport and logistic activities as well as 
setting low-emission standards for vehicles and machinery used in 

construction tenders.   

ZÜRICH 

The Swiss city is highest ranked city of the Soot Free Cities ranking when it comes 
to NRMM emissions management, a ranking which evaluates 23 European cities 
regarding the technical, economic but also sustainable transport measures they 
are taking to address air pollution. In terms of emissions from non-road mobile 
machinery the city is requiring large diesel-powered machinery to be equipped 
with a particle filter. This accounts for public as well a private construction sites. 
New construction machinery is only allowed to enter the Swiss market if they are 
in line with strict requirements. This falls short of Oslo and London which have both 
set clear targets for elimination of emissions. A revision of the cityõs plans should 

include more ambitious plans for NRMMs.  

http://www.buyzet.eu/wp-content/uploads/2019/06/Procurement-plan-Construction-materials_Final-1.pdf
http://www.sootfreecities.eu/sootfreecities.eu/public/city
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¶ Adjustment for contractors i.e. 

switching from diesel to 

Hydrogenated Vegetable Oil 

(HVO) 

¶ Setting a minimum requirement for 

zero emission construction 

¶ Giving bonuses for applying 

award criteria 

¶ Giving environmental aspects a 

high importance when evaluating 

tender applications 

¶ Developing a test project for a 

zero emission construction site 

¶ Partner with relevant partners to 

develop zero emission machinery 

¶ Collaboration between local policy

-makers, industrial actors, and civil 

society  

¶ Setting up low/zero emission zones 

¶ Re-organising NRMMs and 

replacing machinery which doesnõt 

meet standards 

¶ Requiring particle filters for diesel 

vehicles and machinery 

¶ Requirements for market entry 

¶ Reduction in the bid price for 

exemplary construction projects 

¶ Building and renovating according 

to low energy principles 

SUMMARY OF CITIESõ STEPS 

STOCKHOLM 

Construction and plant machinery accounts for 5% of the cityõs GHG emissions. In 

2014, the cityõs total energy consumption was 270 GWh, with diesel being 95% of 

the fuels used. As one of the pioneers in tackling emissions from NRMMs, Stockholm 

has been running a programme since 1999, where contractors are obliged to 

comply with certain environmental guidelines. In order to obtain an allowance to bid 

for a contract, machinery engines used for the construction project either needs to 

meet the specific emission standards or be retrofitted accordingly. In is Climate Plan, 

the city presented an action plan for using fossil-free fuel for the construction 

machinery which is used. The city plans to do through the procurement of transport 

and other services, setting criteria for environmental performance and encouraging 

the consolidation of goods. Stockholmõs target is for the construction sector to be 

fossil-free by 2040.  

Nevertheless, a report commissioned by the city to plan the transition to fossil fuel-

free machinery recommends a short-term switch to HVO. However, the report also 

states that this is not a long-term, warning of supply issues. Another finding is that 

temporary financial support of electrically-powered machinery is likely to lead to 

commercially viable technology once financial support is dropped. The report stated 

that the same would not be applicable for ICE machinery running on fossil free fuels. 

When looking at project costs, the report found that switching to a hybrid machine 

would only increase the overall cost of a construction project by 0.27%, despite the 

purchase price being 25% higher than a conventional machine, partially offset by 

lower operational costs. 

file:///C:/Users/irini/OneDrive%2520-%2520Miljøstiftelsen%2520Bellona/Documents/CONSTRUCTION/Stockhom%2520Climate%2520Strategy%25202040.pdf
file:///C:/Users/irini/OneDrive%2520-%2520Miljøstiftelsen%2520Bellona/Documents/CONSTRUCTION/Stockhom%2520Climate%2520Strategy%25202040.pdf


 ол 

 

10 TIPS FOR CITIES TO MAKE CONSTRUCTION SITES 

EMISSION FREE 

1. Set a clear goal that all the municipality's 
own construction sites should be emission-
free as quickly as possible, and no later 

than 2025 

Clear targets allow contractors, suppliers, and 
rental companies to plan long-term, invest in 
zero-emission machinery and equipment, and 
avoid bad investment in fossil technology. 
 
2. Invite stakeholders as early as possible to 
a dialogue, to discuss possible barriers and 

solutions 

Perhaps it turns out that the solutions are more 
accessible than you thought. 
 
3. Create a market for emission-free 

construction machinery  

Use award criteria and promote the 
consideration of emission-free construction site 
when competing for construction and 
construction projects. 
 
4. Ensure that the municipality's plans, 
guidelines and framework conditions build 
up on the overall goal of emission-free 

construction sites 

The goals must be followed up in strategies 
and plans when developing the municipality's 
building stock, in planning processes, and in 
budget processes for new buildings and 

infrastructure developments in the municipality. 

 
5. Clarify the project's approximate energy 
and power requirements early on so that the 
energy supply can be planned and put in 

place early in the construction process 

Involve grid companies, suppliers and 
contractors. Are there plans to invest in zero-
emission infrastructure for transport in the 
area and can there be possible synergies? 
Engage in market dialogue if there is 
uncertainty about what the grid companies 
and the market can offer, and how to tender 

the contract.  

 

 

6. Set technology-neutral requirements that 

encourage competition and innovation 

Let the market compete to offer the best and 
cheapest solutions to make the municipality's 
construction sites emission-free. 
 

7. Relieve risk where possible 

The municipalities should consider relieving 
risk from market players, until they gain 
more experience in zero emission 
construction. Predictable and long-term 
frameworks and goals are important. Think 
about how you can help make it easier for a 
business to get a stake in zero emissions. 
 
8. Favour the ones who take that little 

extra step 

Use the award criteria to favour those who 
go further. Provide bonus points to those who 
offer innovative climate-friendly solutions. 
Also think of smart planning of work tasks 
and logistics, and give smart solutions 
emphasis on the competition for the 
assignment. 
 
9. Participate actively in forums where you 
can learn from other municipalities - and 

where they can learn from you 

Build expertise, learn from own and others' 
experiences. Participate in meetings 
arranged, under the European Commissionõs 
ôBig Buyers Initiativeõ, attend the C40 

Mayorsõ Summit. 

 

10. Take the step - and follow up! 

These tips were 

jointly developed 

by Bellona, EFO, 

Nelfo and the Oslo 

Climate Agency. 
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CURRENT POLICY ADVANCES 

Given the urgency of climate action, it is clear that policy needs to play a 

role in pushing and pulling the industry towards methods and practices 

which are compatible with the aims of the Paris Agreement. The topic of 

construction site emissions is still in relative infancy compared to more salient 

issues, such as road transport. This means that there is no overarching policy 

at EU or national level which addresses this particular issue directly. Those 

policies that do touch upon construction machinery specifically do not do so 

sufficiently to address the climate and human health challenge. 

In light of the European Commissionõs strategic long-term 

plan to address climate change, with the aim to reach net-

zero emissions by 2050, the EU is set to become a leader 

when it comes to progressive policy on climate change 

mitigation. However, there are still policy gaps in 

addressing the emissions from various economic sectors, 

one of which is the regulation of greenhouse gas emissions 

from Non-Road Mobile Machinery (NRMMs). 

ENERGY TAXATION DIRECTIVE 

The Energy Taxation Directive (ETD) sets 

minimum tax thresholds for various types of 

energy, such as diesel, petrol and 

electricity, with some notable exemptions in 

international shipping and aviation. The 

ETD has not been revised since 2003 and 

is now severely inadequate in light of the 

necessary technological and societal 

transitions which need to occur in the 

coming years, since the tax rates are to the 

detriment of electricity used for motive 

power. Due to the European Councilõs 

decision-making process, which requires 

unanimity on tax matters, efforts to revise 

the ETD have stalled for the better part of 

a decade. However, a renewed sense of 

optimism has emerged from President-elect 

Ursula von der Leyenõs letters to her 

designated Commissioners for Climate and 

Transport.  

Given the efficiency of electric motors in 

comparison to internal combustion engines, 

the shift to zero emission mobility and 

machinery would benefit from ensuring 

that taxes on electricity used as a ôfuelõ 

are lower than taxes for fossil fuels used in 

transport. This would provide an additional 

incentive for a shift to cleaner technologies.  

/ǊŜŘƛǘΥ ¦ƴǎǇƭŀǎƘ 



 он 

 

EUROPE THAT PROTECTS: CLEAN AIR FOR ALL 

On the 13th of March 2019, the European 
Parliament approved a resolution calling of 
the European Union to be more ambitious 
when it comes to tackling air pollution. The 
resulting declaration, ôEurope that protects: 
Clean air for allõ stresses the impact of air 
pollution on human health and that 90% of 
European city dwellers are exposed to 
òlevels of air pollution deemed damaging 

to human healthó. 

The following key point is also made in the 

declaration 

òCalls on the Commission to address 
emissions from construction site 
machinery beyond the NRMM 
Regulation by conducting an impact 

assessment on the potential of zero-
emission construction machinery in 
cutting air- and noise-pollution levels, 
and moreover its possible inclusion in 
future revisions of relevant EU 

legislation;ó 

Therefore, the European Commission will 
need to produce an impact assessment, as 
stated above, which is a critical component 
of its legislative proposals. Bellona strongly 
supports this call and urges the Commission 
to act upon the European Parliamentõs 
request. The impact assessment should also 
consider the contribution of zero emission 
machinery to climate mitigation goals to 
ensure coherence amongst environmental 

targets. 

NRMM REGULATION (2016/1628) 

The Non-Road Mobile Machinery Regulation 
is the most relevant piece of legislation at 
the European level on this topic. The EU has 
regulated NRMM emissions since 1997, with 
this legislative file being the latest and likely 
the last to regulate NRMM emissions in this 
way. Applicable since January 1st 2017, it 
serves to incrementally reduce air pollutant 
emissions from NRMMs, including construction 
machinery, with the intention of òstimulating 
innovation, improving air quality, reducing 
health costs and increasing life expectancyó. 
The NRMM Regulation only addresses 
carbon monoxide (CO), total hydrocarbons 

(HC), oxides of nitrogen (NOx) and 
particulate matter (PM), thereby ignoring the 
climate impact of fossil fuel combustion and 
the noise impact of internal combustion 
engines. On January 1st 2019, the 
regulation entered into its final phase, the 
application of Stage V emission standards 
for all sales, which vastly reduces the 
emissions of the gaseous and particulate 
pollutants listed above, namely by reducing 
PM limits by 97% and HC and NOx limits by 
94% compared to the Stage I rules 

established in 1997 (Figure 2). 

 

CƛƎǳǊŜ нΥ 9Ƴƛǎǎƛƻƴ ƭƛƳƛǘǎ ŦǊƻƳ {ǘŀƎŜ L ǘƻ {ǘŀƎŜ ± ŦƻǊ I/ҌbhȄ ǎƴŘ taΤ {ƻǳǊŎŜΥ L//¢ 

https://www.europarl.europa.eu/doceo/document/TA-8-2019-0186_EN.html?redirect
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32016R1628
https://theicct.org/sites/default/files/publications/EU-Stage-V_policy%20update_ICCT_nov2016.pdf
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Despite this progress in regulating emissions, 
the omission of GHGs is a significant one. 
There is the possibility of a trade-off 
between reducing air pollutants and GHGs. 
This implies that the reduction of air 
pollutants from conventional construction 
machinery beyond a certain point may result 
in higher GHG emissions, which is 
counterproductive. Given the extent to which 
the NRMM Regulation pushes for reductions 
in air pollutant emissions, it is clear that the 
next logical step is to demand an elimination 
of pollutant emissions. However, this will 
require a technological shift towards 
different powertrains and fuels. Switching to 
a different combustion fuel, such as specific 
biofuels like sustainably sourced HVO and 
cleanly produced biogas, offers only a 
somewhat viable intermediate solution, but 
there are significant concerns relating to the 
impact on the environment and the 
scalability of such a solution. Electrification 
via fuel cells and batteries appear to offer 
the best alternative when it comes to air 
pollution and GHG emissions, with the 
added benefit of reductions in noise and 

operational costs. 

Furthermore, while the latest stage of the 
NRMM Regulation is stringent on air 
pollutants, it is only applicable to new 
machinery entering the market as of January 
2019. However, machinery tends be used 
for several thousand hours before being 
scrapped. Depending on the machinery type 
and the usage factor, machinery can 
continue to be used for the better part of a 
decade. As such, one would expect the 
market to be almost entirely compliant to 
Stage V requirements in more than 15 
years. Without policy changes, those 15 
years will see old machinery with lax 
emission standards continue to be used, 
while GHG emissions continue to go 

unregulated. As such, new policy regulating 
the GHG emissions of NRMM is urgently 

needed. 

The NRMM Regulation is clearly inadequate 
to fully address the scale of the human 
health and climate challenge with which we 
are faced. It goes far, but not nearly far 
enough. There is a need for policies which 
both push and pull the market towards 
cleaner technologies, by creating a demand 
for clean machinery and curtail the 
production and use of ôuncleanõ machinery in 
line with Europeõs climate and air pollution 
goals. As such, Bellona calls on the relevant 
authorities at the city, regional, national 
and European levels to go beyond the 
requirements of the NRMM Regulation and 
implement strategies which reduce air 
pollutant and greenhouse gas emissions to 
zero. It is Bellonaõs opinion that public 
authorities should use their procuring power 
and establish minimum environmental 
criteria that go beyond the NRMM 
Regulation, which is now standard. The 
NRMM Regulation is a base from which to 

build upon. 

/ǊŜŘƛǘΥ CŜƭƛȄ CŜŀǘǳǊŜǎ 
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CLEAN VEHICLES DIRECTIVE 

The Clean Vehicles Directive (CVD) sets 
procurement targets for public 
authorities in Member States to 
purchase òclean vehiclesó. The revision 
of this Directive took effect on August 
20th 2019. Once transposed into 
national law, the CVD will push public 
authorities to procure a certain 
percentage of their new vehicles in 
compliance with environmental 
requirements set out in the Directive. 
During the negotiations, Bellona pushed 
heavily for the inclusion of construction 
site machinery. In the absence of 
industry support and public awareness, 
this was not successful. However, the 

preamble states the following:   

òBy 31 December 2027, the 
Commission should review the 
implementation of Directive 
2009/33/EC. That review should 
b e  a cc om p a n i ed ,  w he r e 
appropriate, by a legislative 
proposal to amend that Directive 
for the period after 2030, 
including for the setting of new 
ambitious targets and the extension 
of the scope to other categories of 
vehicles, such as L-category 
vehicles and construction site 

machinery.ó 

As such, this gives a clear indication that 
after 2030, contracting authorities in the 
EU will likely be required to procure 
clean construct ion machinery. 
Nonetheless, given current trends in 
electrification and the urgency of 
climate action, such a delay is both 

unnecessary and unwarranted.   

Therefore, Bellona urges Member States 
to go beyond the requirements of the 
Directives when transposing into national 
law. In transposing the Directive, as a 
minimum, national policy should provide 
a strong bonus to bids to tenders which 
plan to use zero emission machinery. At 
the project level, contracting entities and 
authorities should shape tenders so that 
contractors may compete on lowest 
possible emissions from construction 
activity, creating a direct link between 
investment in zero emission technology 
and better performance in bid 
evaluations. Additionally, they should 
consider setting minimum tender 
requirements for construction projects, 
such as the use of fossil-free machinery 

leading to zero-emission .  
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CURRENT MARKET ADVANCES 

Several manufacturers have realised that the construction sector is evolving and are 
taking on new technologies which support the of transitioning away from combustion 
engines, much like the automotive industry. As such, a growing number of companies 

are developing electric machinery ranging from excavators to truck cement mixers.  

HITACHI NASTA 

The Norwegian Hitachi retailer Nasta has 
retrofitted a range of machines for electric 
drive. Most recently they have   developed 
two battery-driven excavators, which can 
both be operated in battery or cable mode. 
The ZE19 mini excavator has a running time 
of 2.5h while the ZE85 compact excavator 
can be used for 4 hours straight. The on-
board charger allows the excavators to fully 
charge in 1 to 2 hours, whereby the ZE85 
also has a fast charging option, reducing the 
charging time to 45 minutes. The life cycle 
analysis of the excavators confirms that the 
amount of emissions is reduced by 40 tCO2 
per year offering a significant advantage to 

conventional diesel models.  

The ZE85 is the electric excavator which is 
being used at the first zero emission 

construction site in Oslo (see p.24,25). 

Hitachi has developed several models of 
smaller and medium-sized wired electric 
excavators for the Japanese market. They 
recently announced a major step into electric 
construction machinery in Europe. In October 
2018 Hitachi established European 
Application Center GmbH - a joint venture 
with European Hitachi distributor KTEG - to 
develop electric machinery for the European 

market.  

CƛƎǳǊŜ мIL¢!/IL ½9ур ŀǘ ōŀǳƳŀΤ ŎǊŜŘƛǘΥ /Φ 9ǊƛƪǎŜƴ 

CAT, a global giant in the manufacturing 
business offers an array of machinery 
ranging from agricultural to marine 
machinery. The Norwegian CAT retailer, 
Pon, has taken a leading role, both in the 
CAT group and in the industry in general. 
Pon Equipment took it upon itself to build the 
first large-scale electric excavator, a 26-
tonner with a massive 300kWh Battery that 
weighs 3.4 tons   and lasts 5 to 7 hours. The 
extraordinary machine was even said to be 
the òTesla of heavy construction 

machineryó.   The Norwegian construction 
company Veidekke has been involved in the 
development, and has contracted for 8 
excavators. Ïivind Larsen, Veidekkeõs 
construction director, said the single machine 
will reduce their CO2 emissions by 52 
tonnes.  In addition, Pon CAT has developed 
a kit which will allow retrofitting for other 
models. Pon has also stated the ambition to 
develop several new types of electric 

machines every year going forward. 

 

PON EQUIPMENT 

https://www.sccer-mobility.ch/export/sites/sccer-mobility/p_supporting_measures/Annual-Conferences/AC2015/dwn_conference_260815/01-2015-08-26-SCCER-Systems-and-Components-for-E-Mobility.pdf
https://www.sccer-mobility.ch/export/sites/sccer-mobility/p_supporting_measures/Annual-Conferences/AC2015/dwn_conference_260815/01-2015-08-26-SCCER-Systems-and-Components-for-E-Mobility.pdf
https://www.thedrive.com/tech/26234/this-electric-caterpillar-excavator-is-the-tesla-of-heavy-construction-equipment
https://www.thedrive.com/tech/26234/this-electric-caterpillar-excavator-is-the-tesla-of-heavy-construction-equipment
https://electrek.co/2019/01/29/caterpillar-electric-excavator-giant-battery-pack/
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Volvo is a leading international 
manufacturer of construction equipment and 
has announced to launch an electric range 
of compact wheel loader and compact 
excavators in 2020 which will replace 
diesel models entirely. At the bauma fair in 
Munich, Volvo presented its first commercial 
zero-emission electric compact excavator 
and wheel loader. The manufacturer claims 
that the new electric models deliver zero 
exhaust emissions, significantly reduce 
noise, energy costs and maintenance 
requirements while also improving 

efficiency. 
Volvo wheel loader L25 at bauma; credits: C. Eriksen 

LIEBHERR 

The German manufacturer Liebherr has 
developed a fully electric concrete mixer 
truck which is now part of their construction 
machinery range. Both versions of the truck 
ðhybrid and the fully electric- are capable 
of mixing and transporting all types of 
concrete and also show full flexibility for all 
drive types. Liebherr has recently 
developed the worldõs first battery 
powered drilling rig.  The LB16 has an 
operating time of 10 and a charging time 
of 7 hours and has the capacity to operate 

weight up to 55t. 

9¢aмллпΤ ŎǊŜŘƛǘΥ [ƛŜōƘŜǊǊ 

VOLVO 

CUMMINS 

At this yearõs Bauma, Cummins also 
displayed a prototype mini excavator, 
which is powered by the newly 
developed Cummins BM4.4E flexible 
battery modules with 4.4 kWh each. The 
prototype is capable of charging in under 
3 hours and operating a full work shift. 
The modular design can also be applied 
to other applications and duty cycles. 
Cummins sees an opportunity for more 
battery-powered excavators to be used 
in urban and sub-urban areas because of 
its advantage of eliminating emissions and 

reducing noise.  IȅǳƴŘŀƛ 9ȄŎŀǾŀǘƻǊ ǿκ /ǳƳƳƛƴǎ .aпΦп9 ōŀǧŜǊȅΤ ŎǊŜŘƛǘΥ /ǳƳƳƛƴǎ 

https://www.volvoce.com/global/en/news-and-events/press-releases/2019/volvo-ce-goes-electric-on-smaller-machines/
https://www.liebherr.com/external/products/products-assets/618135/liebherr-brochure-truck-mixer-ETM-en.pdf
https://www.liebherr.com/en/deu/products/construction-machines/deep-foundation/drilling-rigs/lb-16-unplugged.html
https://www.liebherr.com/en/deu/products/construction-machines/deep-foundation/drilling-rigs/lb-16-unplugged.html

