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BATTERIES 
PROVE TO BE SIGNIFICANTLY 
MORE SUSTAINABLE THAN 
COMBUSTION GENERATORS
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SMALL COMBUSTION ENGINES:
AN OVERLOOKED ENVIRONMENTAL PROBLEM

In the European Union, the Green Deal and EU taxonomy framework are driving 
policies and investments toward climate neutrality. The private sector is setti  ng 
up net-zero strategies to respond. The constructi on industry, for example, is 
working on decarbonizati on and zero emission building. Local authoriti es are also 
putti  ng in place regulati ons such measures for reducing local air polluti on. 

While public authoriti es are acti vely pushing for a clean energy transiti on in areas 
like manufacturing and transport, there’s a signifi cant source of emissions that’s 
sti ll receiving too litt le att enti on. For almost 2 billion people in the world, work is 
mobile. These professionals, working in industries such as constructi on, events 
and emergency response, need access to off -grid electricity. Similarly, small busi-
ness owners in areas like welding, mechanics and carpentry also need access to a
mobile power supply.

Diesel and gasoline powered combusti on generators are currently the main
source of power when there no electricity available from the grid. But these small 
combusti on engines are far from ideal when it comes to power generati on.
They strongly impact urban air quality due to high local emissions. They also 
cause signifi cant noise polluti on that is harmful for both workers and inhabitants 
living in immediate surroundings. Combusti on generators are also very ineffi  cient 
turning fuel into electricity and emit GHG emissions. Further, they cause work 
discomfort for users, too.

2.5 internal
combusti on engines 

/ new born baby 
worldwide

1 h of using a
gasoline generators
= driving for 250 km

200.000.000 Internal combus-
ti on engines (ICE) manufactured 
in 2020 which equals ~ 2.5 ICE 
per new born child worldwide*

1 h of portable gasoline
generator emits as much smog-
forming polluti on as driving an 
average passenger vehicle for 

about ~250 km**

*Source for birthrate/ year 2020:  htt ps://de.stati sta.com/stati sti k/daten/studie/1816/umfrage/zuwachs-der-weltbevoelkerung/
** Source: California Air resources board: htt ps://ww2.arb.ca.gov/news/take-control-and-help-clean-air-nonpolluti ng-generator-opti -
ons#:~:text=Operati ng%20a%20new%2C%20average%20portable,vehicle%20for%20about%20150%20miles.
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In other words, there is a missing link between ensuring off -grid 
energy for professionals while simultaneously reducing emis-
sions and other harmful eff ects. At instagrid, our mission is to 
disrupt the distributi on of mobile energy by replacing combusti on 
generators with clean, portable power.  The problem with the cur-
rent landscape is that conventi onal small non-road engines are 
barely regulated in the EU or elsewhere in the world.
Further, there is also limited data on their impact on the environ-
ment and sustainability overall.  

To change this, we initi ated an EU-wide project to investi gate if 
and how portable batt ery systems could be a more sustainable 
alternati ve to combusti on generators. We partnered with 12
constructi on companies from seven EU countries for a project
co-fi nanced by the EU LIFE program. Results from this project, 
summarized in this White Paper, show that portable batt ery
systems signifi cantly outperform conventi onal combusti on engines 
in terms of environmental, social, and fi nancial benefi ts. 

Let’s dive in. 

200 000 000
Internal Combusti on Engines (ICEs) 

manufactured in 2020

120 Million 50 Million [...]

Road
Transport

Small SI
Engines

Other
NR
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HOW WAS THE STUDY CONDUCTED?   

This White Paper is based on a project co-fi nanced by the EU’s LIFE program,
a funding instrument for the environment and climate acti on. The objecti ve 
was to understand and measure the usage and related emissions of small
off -road machinery on constructi on sites.

During the project, we tested 90 instagrid ONE max portable power systems 
together with 12 constructi on companies from seven EU countries.
Each parti cipati ng company received several pilot systems and tested them for 
12 months at constructi on sites under diff erent conditi ons from June 2021 
to June 2022. During these tests, we measured the performance of all tested 
units and collected signifi cant amounts of usage data. We complemented this 
data with in-person interviews of both end-users and the management of
parti cipati ng constructi on companies.

In additi on, we conducted quanti tati ve emission measurements of generators 
with equivalent load profi les and compared them to the lifeti me emissions of 
portable batt eries. These measurements were done together with Hessian 
State Agency for Nature Conservati on, Environment and Geology. 
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THE PAIN POINTS OF COMBUSTION 
GENERATORS     

Electric power supply is urgently needed on construction sites, at out-
door workplaces and for work in underground settings or in remote 
areas. This mobile work comes with the challenge of lacking clean 
alternatives. Combustion generators enable mobile work but contribute 
to greenhouse gas (GHG) and local emissions mainly due to low regula-
tory standards on emission thresholds.
 
These small engines are currently regulated under EU regulation 
EU2016/1628 that sets pollutant limits for non-road machinery, 
but the regulation does not cover some engine emission types and 
includes long transition periods. Idling, occurring from workflow 
interruptions, external conditions and negligence, also has a significant 
impact on GHG and local emissions.

Let‘s have a closer look at the pain points of combustion generators. 
The figures presented on the following pages are derived from our own 
calculations, data made available by public authorities and internatio-
nally acknowledged environmental databases. 
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Local emissions harm occupati onal health and safety . 

According to EU and US environmental authoriti es, non-road mobile machineries are responsible for
as much as 15 % of total nitric oxide (NOx) emissions, 5 % of total fi ne parti culate matt er (PM2.5)
emissions, as well as signifi cant amounts of carbon monoxide (CO) and hydrocarbon (HC) emissions1.
Fuel-driven portable generators harm the health of both users and bystanders, irrespecti ve of the
indoor or outdoor locati on of the engine2.  Employees who are directly exposed to high concentrati ons 
of exhaust gas over an extended period are at a parti cularly high risk. Exhaust emissions have serious 
nati onal health implicati ons: for example, in the United States, CO poisoning from generators and
fuel-driven tools cause approximately 70 deaths and 3000 hospitalizati ons per annum3. 

Our emission analysis captured the following local impact of diesel and fuel generators: 

Diesel
generator

PN NOx CO VOC

2700 
(10E12)/kWh 

27 g/kWh 77 g/kWh  19 g/kWh

Gasoline
generator

0 4 g/kWh 2100 g/kWh 31 g/kWh 

1 European Commission, Review of the legislati ve instrument on emissions from engines in non-road mobile machinery.
2 Health and Safety fund of North America, 2019
3 Health and Safety fund of North America, 2019
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Global emissions speed climate change. 

Small combustion engines not only have an impact on local emissions, they also cause global emissions 
throughout the product lifecycle. The EU does not currently regulate greenhouse gas (GHG) emissions 
from non-road mobile machinery. In 2010, the European Commission attributed 100 million tons of 
CO₂ emissions in the EU annually to non-road mobile machineries4. This is comparable to the annual 
CO₂ emissions of Morocco5.  The figure also includes large machines as bulldozers or vessels so we 
conducted our own life cycle analysis to identify the impact on the generator level.
 
Our analysis yielded the following results:  

CO2 EQUIVALENT

Diesel generator
Gasoline generator
Average electricity in Germany

5700 g/kWh
11 905 g/kWh
420 g/kWh6

Other lifecycle stages like transport, production and recycling also heavily impact the product carbon 
footprint and thereby contribute to climate change.  

4 UNEP Climate Action Data, 2018
5 European Comission, 2014
6 Umweltbundesamt, 2022
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Noise emissions exceed health recommendations. 

According to the World Health Organization, the exposure to constant and excessive noise can lead 
to serious human health harms, cause cardiovascular and psychophysiological effects, reduce perfor-
mance, and provoke annoyance responses and changes in social behavior. In the Europe Union, 
the European Environment Agency has set a threshold of 55 decibel (dB) as a noise limit averaged 
across the day, evening, and night period. High environmental noise levels for example outdoors are 
defined under EU regulation as noise levels of above 55 dB for daytime and above 50 dB for nighttime.
For combustion generators used in our calculations, decibel values reported bymanufacturers ranged 
between 80 and 100 dB, and thereby significantly exceed EU noise limits. 

Fuel prices drive economic costs. 

The biggest economic costs associated with combustion generators relate to the cost of fuel. 
Workers are often forced to use oversized generators for their tasks because of the high peak power 
required to get a power tool running. Oversized generators demand more fuel and therefore also 
increase costs. Short term fuel prices are affected by a variety of factors such as geopolitical conflicts, 
while climate targets and measures such as carbon taxation are expected to further drive prices up in 
the mid-term.   As an example, prices for fossils fuels like gasoline and diesel have almost doubled in the 
past 20 years in Germany, from an average price of 101,80 cents/liter in 2000 to 192,86 cents/liter 
in 2022. 
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PORTABLE POWER SYSTEMS 
AS THE SOLUTION      

Small professionally operated combustion generators 
cause significant harm on local air pollution and drive 
climate change and economic costs. At instagrid, we believe 
there is a better way. That’s why we’ve created the world’s 
most advanced 230 V portable battery to provide emission-
free energy for professionals with high power demands.

To verify the benefits of replacing traditional combustion 
generators with portable battery systems, we replaced 
generators with instagrid ONE Max batteries on construc-
tion sites and measured their impact on air quality, 
greenhouse gas emissions and performance.

Here are the results. 
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Eliminati ng local emissions and noise polluti on. 

To evaluate the environmental benefi ts or possible
disadvantages of portable batt eries over generators,
we chose new effi  cient gasoline and diesel generators
as a basis for comparison. Although old generators are
widely used on constructi on sites, these two models
were chosen to ensure a fair comparison to a modern
portable batt ery.

We also noted that, based on informati on collected
from site visits and interviews with partnering
constructi on companies, small gasoline generators
are much more used than small diesel generators.

“Obviously, we use these batt ery-powered 
tools because of the sustainability aspect but 
also because they are bett er for the workers. 
They‘re not as noisy and they don‘t have
exhausts and they‘re not as heavy which 
means people are much happier and healthier 
when they use them. When my people are 
happy, they‘re more effi  cient, they work harder 
and it’s a win-win situati on.”

„We have a sustainability strategy, and we 
have a holisti c view of it. Batt eries reduce 
emissions, they are not too heavy, workers 
should feel bett er (no noise), the ergonomics 
are so much bett er that the health of workers 
is much bett er and that leads to less costs for 
the health system. For me, the batt eries
improve the life of a person.“

Partner constructi on company from Sweden

Partner constructi on company from Finland
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To compare the batt eries’ lifecycle emissions with
fossil fuel driven generators, the environmental
impact of a portable power pack has been broken 
down to a unit of 1kWh of electricity delivered.

Our results indicate that the lifecycle CO2
emissions of an instagrid ONE max system are
only 13 % of the lifecycle CO2 emissions of a
gasoline generator and only 8 % of a diesel
generator. The portable batt ery reduced the total 
GHG emission by 97 %. 

Producti on

Percentage of 1260 kg CO2-eq.

36 % / 453,6 kg CO2

Transport 1 % / 12,6 kg CO2

Use phase 62 % / 781,2 kg CO2

End of life 1 % / 12,6 kg CO2

Reducing CO2 emissions to combat climate 
change.

To get a full picture of the emissions associated 
with portable batt eries, the whole lifecycle of
the product needs to be considered. Therefore, 
we’ve conducted a full lifecycle analysis to bett er
understand the potenti al to reduce global green-
house gas emissions.  0 %

50 %

100 %

GHG PM2.5 NOx SO2 PO4 NMVOC Ozone

Batt ery Gasoline generator Diesel generator

Relati ve environmental impact of the BPSS compared to a gasoline
and a diesel generator*

*values normalized by kWh deliver
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Based on our life cycle analysis, the total environ-
mental impact of portable batt eries is greatest in 
the producti on and usage phases. As a result of the 
project, we’ve implemented sustainable product 
development principles and practi cal guidelines to 
further improve the environmental impact.
For example, the use of recycled material has signi-
fi cantly reduced the total embodied CO2 footprint 
of the aluminum housing by 50 - 60 %.

Environmental impacts from the usage of portable 
batt eries, on the other hand, are largely aff ected 
by the electricity source of charging. Charging the 
batt ery with renewable energy like solar power can 
signifi cantly reduce the environmental burden.

20

40

50

Alu virgin Alu recycled

Material

Manufacture

Transport

30

10

0

Use

Disposal

CO2 FOOTPRINT IN KG
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Improving work effi  ciency. 

Replacing generators with portable batt ery systems not 
only leads to bett er environmental impacts, there is also a 
great possibility for economic benefi ts. According to our 
evaluati on of user behavior and feedback received during 
our tests, the reliability and technical performance of our 
portable batt ery were proven on multi ple parameters. 

Key benefi ts of the portable batt ery included: 
• Intuiti ve to operate without instructi ons thanks to

minimized interface  

• Increased fl exibility and ease-of-use due to
single-handed portability  

• Reliable source of electricity for any device designed for 
230 V AC,  eliminati ng the need for oversizing 

• Suffi  cient energy to last for the whole workday  for most 
professional users 

• Complete recharge possible within 2,5 hours to allow a 
parti al recharge during breaks  

• Employee benefi ts associated with equipping team with 
modern technology   

• Cost savings, especially facing increasing fuel prices

„Oh, we put everything on there, welders,
circular saws and they all work fi ne.

My workers fi ght over who gets the
batt eries ...“

230 V / 3600 W
power in all situati ons

Lightweight
weighs only 20 kg

Long runti me
energy for your enti re workday,
2.1 kWh

High peak power
18 000 W for welding and heavy 
equipment

Partner constructi on company from Germany
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0 €

2.000 €

4.000 €

6.000 €

8.000 €

10.000 €

12.000 €

instagrid
ONE max

5k VA
Generator

Investment:
Strong reducti on in batt ery
costs over the next decade
through innovati on.

Maintenance /
Spare parts

Energy costs:
Strong increase in fuel 
costs to be expected over 
the next decade.

Total cost of ownership (TCO) comparison over 10 years already shows cost advantages of over 25 % today.
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JOIN OUR JOURNEY TO ZERO EMISSION OFF-GRID 
ELECTRICITY 

Our mission at instagrid is to replace polluting combustion generators with clean, portable power for 
professionals. Our extensive study, co-financed by the EU’s LIFE Program, has verified our hypothesis 
that portable batteries surpass conventional fuel-driven combustion generators in environmental 
sustainability and have significant benefits on work efficiency and occupational health and safety.  

New insights of the study have already been adopted in our technology and product development, too. 
For example, we’ve implemented life cycle thinking from product design to the end-of-life of the product 
to improve the ecological properties of products and services, such as developing a modular design with 
easier dismantling. The work on our sustainability footprint continues, and we will be publishing our first 
full sustainability report in 2023. 

We see a clear and growing market demand for more sustainable solutions to polluting combustion 
generations in mobile work with high power demands. With approximately 15000 instagrid battery 
systems currently in use by our partners and customers across Europe, we have only begun to scratch  
the surface of the full potential of reaching zero emissions with clean portable power. 
In addition to leading companies, policy-makers and local authorities play an important role in moving 
industries in the right direction. 
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A big thank you to all the partnering constructions 
companies for participating in our EU-wide study, 
for helping us verify important sustainability claims 
of our product and providing us valuable feedback 
for future product development. 

We invite others to also choose clean and change 
the industry. Join our journey and leave your
questions by tuning in here: 
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CONTACT   

Mail:
hello@instagrid.co
support@instagrid.co

Phone:
+49 7141 69624 – 0

Offi  ce:
instagrid GmbH
C/O GETRAG AREAL
Hermann-Hagenmeyer-Straße 1
71636 Ludwigsburg
GERMANY

Represented by:
Dr. Sebasti an Berning
Dr. Andreas Sedlmayr

EU LIFE PROJECT  

Project number:
LIFE18 ENV/DE/000054

LIFE CLEANAIRMM – LIFE18 ENV/DE/000054,
is co-fi nanced by the EU through the LIFE Program,
within acti on for:

„Air quality and emissions, includingurban environment“

Project Partner:
Hessisches Landesamt für Naturschutz, Umwelt
und Geologie


