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European 
Emissions 
Regulations -
Stationary CI Engines
Electric Power
50 Hz

Tim Cresswell

Regulated Emissions

• Nitrogen oxides (NOX)

– Nitric oxide (NO) & nitrogen dioxide (NO2)

• Carbon monoxide (CO)

• Hydrocarbons (CXHY)

• Particulate matter (PM)

– Mixture of soot with other material
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United Nations Initiatives

• Intergovernmental Panel on 

Climate Change (IPCC)

• United Nations Framework 

Convention on Climate Change 

(UNFCCC)

• Kyoto protocol

• Gothenburg protocol

IPCC

• Established in 1988 by the United Nations

• Role: Evaluate the risk of climate change caused by human 

activity

• Publishes reports on topics relevant to the implementation 

of the UNFCCC

• Internationally recognized as authoritative on climate 

change issues
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UNFCCC

• International environmental treaty produced in 1992.

• Goal: Stabilize GHG concentrations in the atmosphere to 
prevent anthropogenic interference with the climate system.

• The treaty sets no mandatory limits on emissions.

• Principal update (sets limits): Kyoto protocol.

• Annual meetings called Conferences of the Parties (COP).

Kyoto Protocol

• Adopted in 1997 during UNFCCC COP-3, entered into force 

in 2005

• Establishes legally binding reduction for 4 GHG:

o Carbon dioxide (CO2)

o Methane (CH4)

o Nitrous Oxide (N2O)

o Sulfur hexafluoride (SF6)

• Industrialized countries agree to collectively reduce GHG 

emissions by 5.2% compared to 1990 levels

• Includes “Flexible mechanisms”
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Gothenburg Protocol

• Signed in 1999, entered into force in 2005
o Revised 2007-2012 with stricter targets for 2020

• Extension to the UN 1979 Geneva convention on air pollution

• Goal: Reduce acidification, eutrophication and ground-level 
ozone

• Main provisions:
o Emission ceilings 

� Adopted for 2010

� Sulfur, NOX, VOCs and ammonia

o Limit values for specific emission sources
� Combustion Plants, electricity generation, cement production or dry cleaning 

– Maximum sulfur content for fuels: 0.1% since 2008

Gothenburg Protocol (2)

• Emission limit values (ELV) for stationary engines: 
o Compression ignited > 5 MW

o Operation > 500 hours per year

o O2 reference content is 5%
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EU Regulations

• Off-road diesel engines legislations:
o Stage I

o Stage II

o Stage IIIA & IIIB

o Stage IV

• EU emissions trading scheme

• Integrated Pollution Prevention & Control (IPPC)

• EUROMOT’s role

• Germany’s TA-Luft

World Bank Standards

• Applied to projects funded by World Bank, where more 
stringent regulations do not exist.

• Stationary Powerplant (gas & diesel) operated >500 
hours per year

• 3-50 MWth

Dry gas excess 15% O2 content

A & B – justified by project-specific considerations / economic feasibility
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World Bank Standards

• >50 MWth

A - Dry gas excess 15% O2 content

C – S% = fuel sulphur content

IPPC

• Integrated Pollution Prevention & Control

• EU Directive of January 2008, proposed compliance date: 

2017

• Goal: Provide environmental protection on the basis of an 

integrated approach to the issuing of operating permits

• Proposes to include combustion installations with a rated 

thermal input > 50 MW
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EUROMOT

• European association of internal combustion engine (ICE) 

manufacturers

• Founded in 1991

• Mission: Represent ICE industries in regulatory matters 

• Working groups:

o Non-road engines (machines)

o Marine engines

o Rail traction

o Stationary engines

EUROMOT versus IPCC

• Seeking to ensure that IPCC proposed stringency is aligned 

with technical and economic feasibility

• Proposal for new stationary gas engines:
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Germany’s TA-Luft

• Air pollution regulation introduced in 1986

• Last revision: 2002

• Regulates emissions from a range of stationary sources, 

including:

o Stationary internal combustion engines

• Widely recognized and applied to stationary gas and diesel 

engines in other European markets

Other European Countries

• The following countries have their own stationary internal 

combustion engines regulations*:

o France

o Italy (similar to pre-2002 TA-Luft)

o Switzerland

o Finland**

o Czech Republic (based on TA-Luft)

o Belgium

o Portugal

o Russia

** Does not cover all stationary ICE engines

* In addition to UN & EU regulations
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Emissions Regulations (Stationary)

• Wide range of regulations across the world

• Comprehensive US regulations (emergency vs non-emergency use)

• No consistent 50 Hz regulations

• Specs often written based on “nice-to-have”

TA Luft (1986)

Site Installed Power =���� < 3 MWth > 3 MWth

Dust 130

NMHC 150

CO 650

NOx
1) 4000 2000

1)) NOX values not applicable for emergency use or for up to 300 h peak shaving at power generation

Values relate to an exhaust O2 concentration of 5% by volume and are determined on the basis of a dry gas, except NMHC which is determined on a 

wet basis.

Limits relate to all operating conditions that the engine experiences when operating on site.
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TA Luft (2002)
Site Installed Power =���� < 3 MWth > 3 MWth

Dust 201)

SO2
Depending from the fuel used e.g. 350 with biogas or purification gas

Formaldehydes 60

C -

Cl, Fl,

Halogens
3

CO2) 3)

a) CI engines and SI engines with liquid fuel, CI (pilot injection) engines and SI 

engines with gaseous fuels (except biogas,  purification or mine gas)
300

b) SI engines with biogas or purification gas4) 1000 650

c) Pilot injection engines with biogas, purification gas or mine gas 2000 650

NOx
3)

a) Compression ignition engines with liquid fuel 1000 500

b) Gas-fired CI (pilot injection) engines and SI engines

−Pilot injection engines with biogas or purification gas 1000 500

−Lean-mix engines and other four stroke SI engines with biogas or purification gas 500

−Pilot injection engines and lean-mix engines with other gaseous fuels 500

c) Other four stroke SI engines 250

d) Two-stroke engines 800

1) 80 mg/m3 for emergency use or for up to 300 h peak shaving at power generation
2) Landfill gas at present generally 650 mg/m3

3) Emission values not applicable for emergency use or for up to 300 h peak shaving at power generation
4) For spark ignition engines with mine gas 650 mg/m3 (independent of power)

Values relate to an exhaust O2 

concentration of 5% by volume (dry).

Limits relate to operating conditions the 

engine experiences when operating on site.

Current EU - Stationary

• Growing adoption of TA Luft-type requirements in EU member 
states
o Germany, France, Belgium, Switzerland

o Low volume

o Testing & measurement requirements vary

� France = 100% load;   Switzerland = 60-80% load;   Germany = site load

� Standard ambient corrections are not defined

� Site measurement accuracy

• “Emergency” or “low use” engines are normally exempt, but 
standards may be enforced at a regional / local level.

• Improved definition of requirements
“1/2 TA Luft” v/s 2000 mg/nm3 NOx (5% O2)
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Proposed EU - Stationary

• For Medium Combustion Plants: Includes stationary engines 1-50 MWth

• Introduction: 2018 +/- 1 year – new engines
2025 – 2030 – existing engines

• Covers all stationary engines (<500 hrs/year MAY be exempted)

• No requirement for engine manufacturers to certify.

• Compliance, registration & testing are owner operator responsibility. Site 
test: 1-20 MWth : 3 years, 20-50 MWth : 1 year

• Member states must establish inspection programs.

• Diesel limits (15% O2) are:
o NOx 190 mg/nm3

(510 mg/nm3 at 5% O2)

o PM 10 mg/nm3

EU / UN Regulations Summary - 2016

• Function of power output (and industry specifics):

Diesel - mobile

0 kW 560 kW

EU Stages I – IV

No EU regulation

0 kW 5 MW 50 MW

UN - Gothenburg Protocol (thermal input)

EU - IPPC

No EU regulation

Diesel – stationary (>500 hours)
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EU / UN Regulations Summary - 2020

• Function of power output (and industry specifics):

0 kW 560 kW

EU Stage V

No EU regulation

0 kW 5 MW 50 MW

UN - Gothenburg Protocol (thermal input)

EU - IPPC

1 MW

Medium Combustion Powerplant

Diesel - mobile

Diesel – stationary (>500 hours)

EU – Future State

• MCP enforced for engines operating >500 hours per year

o Possible use by member states to regulate non-emergency low use 

applications

� STOR

� Demand response etc

• Proliferation/use of local requirements likely

• In-cylinder solutions delivering ~2000 mg NOx still preferred
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Elsewhere

• India 
<800 bkW: CPCB Stage II (EU Stage IIIA equivalent)

>800 bkW:

• Singapore: Tier 2 (D1 cycle)

• Chile: Tier 4 Final proposed

• China: tbc

Performance, Cost & Emissions Trade-off
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Heat Rejection & Emissions

Heat Rejection (kW/kW)
Less 

Radiator 

Cost

More 

Radiator 

Cost

N
O

x
(g

/k
W

-h
r)

H
C

 (
g

/k
W

-h
r)Acceptable Emission Range

Fuel Injection Timing

N
O

x
(g

/k
W

-h
r)

C
O

/P
M

 (
g

/k
W

-h
r)

Emissions 

limit

90degC SCAC Inlet Temp 

60degC SCAC Inlet Temp 

Add Cost

Conclusion

• No universal standards for stationary gensets in EU
o Regional regulations are inconsistently applied

• Future regulations offers opportunity for consistency
o Depends on member states

• Performance or commercial compromise to meet low 
emissions regulations
o Higher fuel consumption

o Higher cooling requirements

o Increase space claim

o Higher Initial and Operating costs

o After treatment etc.
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