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Summary

1. Data currently used in the RAINS model (p. 3)

Data currently used in RAINS are displayed in this paragraph.

2. Short technology description (p. 4)

3. Regulations (p. 4)

4. Definition of Reference Engines (p. 6)

Three reference engines are defined according to their size.

5. Emission abatement techniques and costs (p. 6)

Table 5.3.1 summarizes the emission factors with the corresponding abatement efficiencies for each

measure.
Table 5.3.2 summarizes investments and operating costs for each measure.

If a measure is missing in the document, national experts have to contact the Secretariat to add it in
the background document.

6. Data to be provided by national experts for the completion of the database for their own
country (p. 6)

Table 6.2.1 : Fuel parameters
Table 6.2.2 : Fuel prices (net of taxes)

Table 6.2.3 Fuel consumptions (GJ / y)

Total activity (t fuel consumed /y) in 2000 to 2020.

Table 6.2.4 : Distribution of the different engine size

Table 6.2.5 : Engine characteristics in the base year 2000

Pollutant’s emissions are assessed by the fuel consumption method.

Table 6.2.6 : Fuel efficiency improvement for individual engine sizes
Table 6.2.7 : Change in activity per engine relative to the base year

Table 6.2.8 : Application rate and Applicability (% of total activity (fuel use))

7. Explanatory notes on emission factors and costs (p.9)
8. References (p. 11)
9. Modifications compared to the draft document (p.12)
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Small Spark-Ignition (SI) Handheld Engines

SNAP : 0806 and 0807 or NFR 1A4cii Off-road Vehicles and Other Machinery, SNAP 0808 or NFR
1A2 Manufacturing Industries and Construction, SNAP 0809 or NFR 1A4bii Household and
gardening (mobile motors), SNAP 0810 or NFR 1A3eii Other mobile sources and machinery.

Small SI Engines represent the category of engines below 19 kW : usually running with petrol, these
engines are often used in lawn and garden equipment.

ACTIVITY : Consumption of fuel (GJ/year)
POLLUTANTS CONSIDERED : HC, NOx and SO,. PM are not studied in this document.

1 Data currently used in the RAINS model \

Following data are just displayed for comparison purposes \

Data are derived from reference [9].
» Activity

Activity used in the current stage of development of the RAINS model is the fuel used in off-road
sources (expressed in PJ of fuel consumed).

> Emission factors

Table 1.1 : Emission factors used in the RAINS PM module for diesel off-road spark ignition engines
[0/GJ]

PM,; PMjo TSP
Sector [0/GJ] [0/GJ] [9/GJ]
Land based machinery gasoline
(4-stroke) 28,0 30,4 33,8
Land based machinery
LPG/CNG (4-stroke) 3,90 4,20 4,24
» Engines considered
Table 1.2 : Sectors considered in RAINS
Abbreviations used in RAINS Sector
TRA OT LB Land based machinery gasoline (4-stroke)
TRA OT LB Land based machinery LPG/CNG (4-stroke)

» Techniques and associated costs

In its current stage of development, the RAINS model includes options to control emissions from
gasoline engines, equivalent to EURO-I to EURO-V standards for gasoline cars. 2-stroke engines are
considered with mopeds.
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2 Short technology description

Two types of engines exist : 4-stroke engines and 2-stroke engines.
2.1 Current 4-stroke engines

Virtually all automobiles and many trucks are powered by 4-stroke engines. 4 stroke engines are also
very common in motorcycles, all-terrain vehicles, boats, airplanes and numerous non-road applications
such as lawn mowers, lawn and garden tractors and generators for examples. Large non-road Sl
engines are exclusively 4-strokes.

Description : in a 4-stroke engine, a piston makes four passes or strokes in the cylinder to complete an
entire cycle. The strokes are intake, compression, power and exhaust. Two of the strokes are
downward (intake and power) and two are upward (compression and exhaust).

2.2 Emissions

4-stroke engines have considerably lower HC emissions than 2-stroke engines, due to the fact that 4-
stroke do not experience short circuiting of raw fuel.

CO emissions are very similar for both technologies since these emissions are the result of inefficient
combustion of the air-fuel mixture within the cylinder.

Since the combustion of fuel within the cylinder of a 4-stroke engine is more efficient than that of a 2-
stroke engine, combustion temperatures are higher, which results in higher NOx emission levels.

SO, emission levels are proportional to the sulphur content of the fuel used. The only way to reduce
SO, emissions is to reduce the sulphur content of petrol.

3 EU regulations : Directive 2002/88/EC amending Directive 97/68/EC [2]

3.1 Emission limit values developed in the proposal

The EU commission proceeded to an inventory of pollutant emissions for the amendment of the
Directive 97/68/EC [3]. Data used for this study date from 1990.

Table 3.1.1 : HCs emissions from spark ignition (SI) engines (kt)

Category per rated Emissions of 2-stroke | Emissions of 4-stroke
p?)wg,rp(kW) engines (kt) engines (kt) VEE RIS (19

0-2 108,86 24,74 133,60

2-5 323,58 29,18 352,76
5-10 217,57 18,53 236,10
10-18 113,54 3,48 117,02
18-37 29,29 2,65 31,94
37-75 11,72 27,67 39,39
75-130 5,25 6,10 11,35
130-300 5,30 5,52 10,82
Total 932,98

Engines below 18 kW emit 90% of the HC of spark ignition category.

Directive 2002/88/EC regulates these small engines which represent the main emission sources for Sl

off-road engines (as shown above).

Three types of engine families are considered handheld: class SH1, SH2 and SH3.
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e Class SH1 : engines are used almost solely in trimmers/cutters and are sold mainly to low use
residential consumers.

e Class SH2 : covers a wider range of applications from trimmers/cutters and blowers to chainsaws
for use by low use residential consumers and high use commercial users.

e Class SH3 : mainly used in chainsaws, rammers and cut-off saws aimed at the commercial users.
Very few trimmers and blowers are certified in this class.

2 stages have been adopted :

Table 3.1.2 : HC and NOx emission limit values for Stage |

Engine class HC emission limit values [g/kWh] | NOx emission limit values [g/kWh]
Class SH1 295 5,36
Class SH2 241 5,36
Class SH3 161 5,36

Table 3.1.3 : HC + NOx emission limit values for Stage Il

Engine class HC + NOx emission limit values [g/kWh]
Class SH1 50
Class SH2 50
Class SH3 72>

* Application of certain technologies as the catalyst is not feasible for the Class SH3. That’s why
adopted emission limit values are less stringent than for Class SH1 and SH2.

A list of exemptions is available. Some examples are listed bellow :
» Recreational boats (which should be regulated by a modification of Directive 94/25/EC),
» Recreational vehicles as snowmobiles (a majority of these engines are rated above 19 kW).

3.2 Sulphur content of fuels
We assume that petrol used in small Sl engines is the same as petrol used in on-road vehicles. Sulfur
content of this type of fuel is regulated by Directive 98/70/EC [4] and Directive 2003/17/EC [8]

relating to the quality of petrol and diesel fuels.

Table 3.2.1 : Sulphur content of petrol : standards (ppm) implemented by the Directives

Dates of compliance 2000 2005 2008

Sulphur content in petrol (ppm) 150 50 10

Some Member States have implemented more stringent national standards. This is a country specific
information which has to be provided by national experts (chapter 6).

4 Definition of Reference Engines

Only two classes of engines are considered hereafter because mini-4-stroke engines have not been
demonstrated as able to cover the smallest (<20cc) range of engine sizes [11].
Power ratings vary : average figures are given in table 4.1.
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Table 4.1 : Reference engines

Reference Engine Codes Description Exemples
REC
Residential equipment,
01 Class SH2 20 to 50 cc 1,5 kW [11] String trimmers, leaf blowers,
chainsaws
02 Class SH3 > 50 cc 2 KW [11] Augers, Commerual equipment,
chainsaws...

5 Emission abatement techniques and costs

51 Definitions of abatement techniques

According to [1], it is assumed that 4-stroke engines will not need any improvement. No cost is then
taken into account.

51 Emission factors and cost data for the different combinations

Table 5.2.1 : Emission factors (EF) for each combination code

EF HC NOXx EF

REC MC (g/kWh) Q Cl % (g/kwh) Q Cl %
01 00 45,08 3 30 4,00 3 30
01 01 45,08 3 30 4,00 3 30
01 02 45,08 3 30 4,00 3 30
02 00 45,08 3 30 4,00 3 30
02 01 45,08 3 30 4,00 3 30
02 02 45,08 3 30 4,00 3 30

6  Data to be provided by national experts for the completion of the database for their own
country

The following tasks are required :
6.1 Validation work
For representing costs in this sector, the national expert is invited to comment data provided by the
Secretariat.
. Validate of investments provided or,

. Provide other costs for the same combination of techniques and justify them.

6.2 Provision of specific data

| Tables to be filled in by national experts |

» Fuel parameters

Table 6.2.1 : Fuel parameters

2000 2005 2008 2010 2015 2020

Heat value of petrol [GJ/t]
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Table 6.2.2 : Fuel prices (net of taxes)

2000 2005 2008 2010 2015 2020

Petrol 150 ppm (£2000/1)

Petrol 50 ppm (€5000/1)

Petrol 10 ppm (€5000/1)

» Activity level
IIASA uses international fuel statistics to define fuel consumption in each country.

Although IIASA tries to derive fuel consumption in each sub-sector from international energy
statistics and available energy projections, a high uncertainty still exists. Thus the experts are
requested to give the total fuel use for the base year (2000) and a national projection up to 2020 in 5-
years intervals. As the use of fuel containing less sulphur is considered as a measure to reduce SO,
emissions, the consumption of each type of fuels is requested hereafter for 2000 up to 2020 in 5-years.

Table 6.2.3 : Fuel consumptions (GJ /y)

Activity Activity Activity Activity Activity

Type of fuel used ey |9 @y |9 @y |Y @ | Y @) | ¢

P so00 | % | 2008 | % | om0 | % | s018 | % | a0 | %
Petrol 150 ppm sulphur
Petrol 50 ppm sulphur
Petrol 10 ppm sulphur

Default values proposed for CI 10 20 50 100 100

For explanations on the coefficient of variation (ClI), please refer to the Methodology.
» Emissions
National experts do not need to calculate the emissions for individual engine/vehicle categories. The
calculations will be done by the RAINS model. However, experts are requested to provide country-
specific data for calculations. Below the formulas used and the appropriate coefficients are presented.
Annual SO, emissions can be calculated as follows :
Emissions [t/y] = 2 x Fuel Consumption (t/y) x S content (%) / 100
For other pollutants, two methods can be used to estimate emissions from non road engines :
» Annual emissions per engine of NOx and HC can be calculated with the following equation :
E [t/y]=Load Factor x Power [kW] x Annual use [h/y] x Emission Factor [g/kWh] / 10°

Country specific data (engine characteristics) are required for each reference engine :

- Load factor (<1 : gives the average power delivered by the engine),

- Annual use (hly),

- Operating lifetime (year),

e Consumption method : emission factors are expressed in g of pollutant / GJ using the engine’s
efficiency.
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According to IIASA, engine’s efficiency is considered to be about 35% for Sl engines. Currently, no
better data have been provided.

E [t/y]= Fuel consumption [GJ/y] x Emission Factor [g/GJ] / 10°

This method is used in the RAINS model.

» Distribution of engine’s sizes

» Distribution of power ranges (% of total activity (fuel use)) has to be determined for the base year
2000 and projection years 2005, 2010, 2015, 2020.

Table 6.2.4 : Distribution of the different engine sizes (% of total activity (fuel use))

REC Proportion | Proportion | Proportion | Proportion | Proportion
[%] in 2000 | [%] in 2005 | [%] in 2010 | [%] in 2015 | [%] in 2020
01 (SH2)
02 (SH3)
Total 100 100 100 100 100

» Number of engines

For cost calculations, number of engines in the base year (2000) is necessary. If this information is
available, this should be specified in column 2 of table 6.2.5. Alternatively, data about load factor and
annual engine use (columns 3 and 4) should be estimated. In both cases a typical operating lifetime of
each engine category (column 5) should be given.

Table 6.2.5 : Engine characteristics in the base year 2000

To be completed Either 2 Or3and 4 And 5
Type of engine | Total number of Annual use Operating
REC engines HERE 7 (hly) lifetime (years)
01 (SH2)
02 (SH3)

In this document, only average figures are required

According to [1] (appendix F : http://www.epa.gov/otag/regs/nonroad/equip-Id/hhsfrm/apx-f-fr.xls},

average load factors are very different from one device to an other (for example, load factors can vary
from 35 for snow blowers to 91 for trim/edge cutters).

Annual uses differ according to the type of use (i.e. residential or professional use) and the type of
device : they are usually less than 10 h/year for residential use and can go up to about 700 h/y for
professional use of turf.

» Other parameters

Engine characteristics given in Table 6.2.5 are valid for the base year 2000. For other years, two

additional parameters should be specified :

- fuel efficiency improvement (Table 6.2.6),

- change in activity per engine, i.e. combined effect of the change in annual use and load factor
(Tables 6.2.7).

If country specific data are not available, default values already included in the following
tables will be used .
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Table 6.2.6 : Fuel efficiency improvement for individual engine sizes relative to the base year (Fuel
consumption per unit of output in year 2000 = 100 %)

REC 2000 | 2005 | 2005 | 2010 | 2010 | 2015 | 2015 | 2020 | 2020
01 (SH2) 100 98 96 94 92
02 (SH3) 100 98 96 94 92
Table 6.2.7 : Change in activity per engine relative to the base year (Activity per engine in year 2000
=100 %)
REC| 2000 2005 2005 2010 2010 2015 2015 2020 2020
01 100 100 100 100 100
02 100 100 100 100 100

» Application rate and applicability

IHASA experts assume a certain lifetime of engines and from this they calculate what proportion of
total fuel use will be by vehicles purchased after the date of enforcing of a certain regulation.

Since national experts may have more detailed data, it is worth to ask them about application rates and
applicability factors.

Table 6.2.8 : Application rate and Applicability (% of total activity (fuel use))

Application|Application Application Application Application
RECMC  |rate in 2000|rats in 2005 A[‘('%’]" rate in 2010 A[‘('%’]" rate in 2015 A[‘('%’]" rate in 2020 A[‘('%’]"
[%6] [%0] [%0] [%0] [%0]
0100
0101
0102
Total REC 01 100 100 100 100 100
02 00
0201
02 02
Total REC 02 100 100 100 100 100
7  Explanatory notes \
7.1 Emission factors (EF)

As average rated power presented in table 4.1 are between two ranges (0 to 2 kW and 2 to 5 kW) as
considered in reference [5], the upper range 2 to 5 kW has been taken into account. According to a
anonymous contact and to reference [12], emission factors corresponding to the range 0 to 2 kW for
the unabated case (MC 00) are to high.

Table 7.1.1 : MC 00 (Pre-control) emission factors (g/kWh) [5] for engines rated between 2-5 kW

NOx EF Q
4,00 3

Cl %
30

HC EF
45,08

Technology
4-stroke

For MC 01 and MC 02, emission limit values are considered to remain the same as for MC 00.
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Table 7.1.2 : MC 01 emission factors (g/kwWh)

REC HC EF [g/kWh] NOXx EF [g/kWh] Q Cl%
01 (SH2) 45,08 4,00 3 30
02 (SH3) 45,08 4,00 3 30
Table 7.1.3 : MC 02 emission factors (g/kWh)
REC HC EF [g/kWh] NOXx EF [g/kWh] Q Cl %
01 (SH2) 45,08 4,00 3 30
02 (SH3) 45,08 4,00 3 30
7.2 Derivation of cost data
7.2.1  Operating costs

*  Fuel consumption variations

No fuel consumption variations are considered for 4 stroke engines.

» Additional costs for the use of low sulphur fuel

We assume that petrol used in small Sl engines is the same as petrol used in on-road vehicles. Sulfur
content of this type of fuel is regulated by Directive 98/70/EC [4] and Directive 2003/17/EC [8]
relating to the quality of petrol and diesel fuels.

Costs of the different types of fuel have to be entered only once in the tool in table “Fuel

characteristics”.

Additional investment and refinery operating costs associated with lowering the sulphur content from
a maximum of 50 ppm to a maximum of 10 ppm. The main driver of cost difference between north
and south EU is the quality of the crude oil (in particular the sulphur content) that the refineries are

currently to handle.

Table 7.2.1.1 : Costs of lowering the sulphur content of petrol [10]

Min. (€/1) Max. (€/1) Average (€/)
EU, North 0,001 0,003 0,002
EU, South 0,002 0,003 0,0025

» Maintenance and repair

No quantification is available.
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9  Modifications compared to the draft document

It has to be highlighted that PM are not considered in this document.

2 stroke and 4 stroke are now studied in separate background documents as technologies, emission
levels and costs are very different.

9.1 Modifications of Chapter 5

Table 5.2.1 : Emission factors for REC 02 and MC 02 have been modified : HC + NOx = 72 g/kWh.
Table 5.2.2 : According to [1], it is assumed that 4-stroke engines will not need any improvement.
9.2 Modifications of Chapter 6

Some tables have been added to be in compliance with [IASA’s requirements.

As the use of fuel containing less sulphur is considered as a measure to reduce SO, emissions, the
consumption of each type of fuels is requested (table 6.2.3).

Somme parameters are necessary to define the number of engines. National experts have to provide
either the number of engines or the load factors and the annual use for each type of engines.

New tables have been added : the fuel efficiency improvement and the change in activity per engine (if
no national statistic is available, default values will be used in the model RAINS).

Application rate and applicability (% of total activity (fuel use)) are also requested (table 6.2.8).
9.3 Modifications of Chapter 7

Emission factors (EF) corresponding to the range 2-5 kW [5] are now used. EF are considered to
remain the same.
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