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Introduction

> Temporal distribution of emissions is an important input to
quality modelling

> Very little work has been done internationally to improve the
knowledge of the temporal aspects of emissions

> For air quality modelling in Europe, EMEP uses temporal
profiles on monthly, daily and hourly basis

> The EMEP temporal profiles are very aggregated in terms of
emission sectors

> The goal of the project was to develop more detailed
sectoral temporal profiles
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Model description

> The temporal component has been integrated in the
MapElre model using the same basic platform as the spatial
distribution

> Temporal keys have been developed for all sectors with
varying degree of detail based on data availability

> In some cases there are different temporal distributions for
different pollutants from the same sector

> In all cases, the temporal profiles are developed showing
monthly, daily and diurnal variations

> In some cases, the temporal profiles have been based on
expert judgement as no better data were available
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Electricity production

> Multiple datasets were considered and ultimately combined

> The monthly temporal profile is based on data from the CSO
(MSMO01 Electricity Output), while the daily and diurnal
profiles are based on data downloaded from EirGrid

> For monthly electricity output an average for 2010-2017 has
been used in the model

> Hourly values for thermal generation have been
downloaded from EirGrid

> In total 4254 hours of data have been analysed in
developing the temporal profiles
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Electricity production - monthly
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> Trends are broadly consistent between the eight years
analysed

> The data matches expectations, e.qg. that February is lower
than January and March
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Electricity production - daily
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> Very low variability across the week with only a slight
decrease on Sunday

> EMEP has a more pronounced decrease during the weekenc!
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Electricity production - hourly
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> Distinct difference between Sunday and Monday-Saturday

> Significant difference between the Irish data and the
current data used by EMEP for Ireland
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Industrial production

> The CSO publishes data for monthly production volume for

various industries (MIM03 Industrial Production Volume and
Turnover Indices)

> Based on data for 2010-2017, average monthly production
for various industries has been compiled

> The industries defined by NACE (rev 2) have been mapped
to emission sectors from the Irish emission inventory

> No data have been found for daily and diurnal variations.

Assumptions have been made depending on industrial
sector
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Industrial production - monthly
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> Significant variations between months and between sectors

> For several key sectors the trend shows the same pattern as
for Denmark
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Domestic heating

> Monthly data for heating degree days have been collected

from Met Eireann for 25 measurement stations for 2015-
2017

> [Marlene skriver du lidt om uge og time profiler? Jeps - slides
efter temperatur graf]
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Heating degree days
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> The profile shows a trend roughly similar to EMEP

> EMEP has lower share for November and December and

higher shares for April to July
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Data for daily and hourly energy use

> The Non-Domestic Energy Assessment Procedure (NEAP)

> Ireland’s official methodology for calculating a Building Energy
Rating (BER) for non-domestic buildings

> National Calculation Methodology (NCM) activity database
> Building types

> Residential
> Dwelling

> Commercial/institutional
> Culture, education, health, leisure, public, public transport, and retail

> Activity

> Equipment
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Residential and commercial
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Road transport
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Road transport - hourly profiles
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Road transport - hourly profiles (Tue-Thu)
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> Distinct difference between HDVs, LDVs and cars/two-
wheelers

> Good agreement between EMEP profile and cars, while
EMEP does not consider different vehicle categories
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Road transport - hourly profile (Saturday)

Saturday
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> Again a significant difference between vehicle categories

> The EMEP profile for Ireland differs significantly from all Irish
vehicle categories
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Road transport - hourly profile (Sunday)

Sunday

Share of daily emissions

e
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> Big difference between HDVs and other vehicle categories
> EMEP profile for Ireland almost mirrors HDVs
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Road transport - daily profile
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> Big difference between vehicle categories, especially in

weekends

> The EMEP profile for Ireland is almost identical to cars
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Road transport - monthly profile
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> Most significant difference is for two-wheelers with an
emphasis on summer months

> The EMEP profile is reasonably consistent with Irish data
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Railways

> Irish rail time tables

> Number of routes by start hour for weekdays, Saturday and
Sunday

> Cargo assumed to contribute 50 % of the emission and
being evenly distributed
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Daily and hourly profiles for railways

0.2

0.09
0.18
0.08
0.16
0.07
0.14
0.06 /
0.12 /\//
0.05 /\{7[\\\ —
0.1
0.04 N
0.08
oot 0.03 &
0.04 0.02
0.02 0.01
0 0
1 2 3 4 5 6 7
01 2 3 45 6 7 8 9 101112 13 14 15 16 17 18 19 20 21 22 23
——MapElre  ——EMEP snap 08 —Weekday —Saturday Sunday EMEP snap 08

> Big difference between weekdays and weekends as well as
during the days

> EMEP uses a constant profile for all non-road mobile sources
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Aviation
> For monthly profile the data are from the Irish Aviation
Authority

> Monthly domestic and international commercial movements
for Dublin, Cork and Shannon airport

> For the daily and hourly profiles, Dublin airport timetables for
summer and winter 2017 have been analysed

> Number of domestic and international departures by start
hour and by day of week
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Monthly profile - aviation
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> Similar profiles for the various airports with data

|
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> Pronounced difference between summer and winter in the

Irish data compared to the EMEP profile
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Daily profiles for aviation
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Hourly profiles for aviation
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Agriculture

> Emissions from Agriculture and LULUCF are biological,

chemical, physical and temperature dependent processes !

> Not instant emissions
> Give challenges on the temporal scale

> If the temporal scale are becomes small, the uncertainty of the
estimates becomes very large
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Data sources

> Primary data sources

> Recommended time for N application (Teagasc)
> Housing days (Information from EPA)
> CUltiVCItiOn QCtiVitieS Animal Housing and Grazing
19 '_‘
T MRERERFEYEINSUSENALEREEAEALY
> Currently no adjustments for differences in

> temperature between winter and summer

> Feed intake due to differences in milk production for dairy cows
> Can be made with the IPCC model for feed intake

> Daily patterns (temperature, solar radiation)

32



DEPARTMENT OF ENVIRONMENTAL SCIENCE ]
NF  AARHUS UNIVERSITY 28 November 2018

Monthly profile for mineral fertiliser
> The System:

Montly distribution

> Month: Sum =1
> Week: Sum =1 ,
> Hour: Sum =1 ;
> Example: Mineral fertilizers . —~
> Cropland: Spring application e
> Grazing land: Spring and summer —EVEP e
application

> Differences between every grid

cell
> Improvements can be made
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Monthly profile for NH,; - EMEP and new

Montly distribution
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> This is overall

> More detailed as these are the sum of all SNAP 10 codes
> Dominated by animal manure applied to soil
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1AA4cii: agricultural machinery
> Based on agricultural activies
> Model set up also used for PM and TSP
Monthly distribution
Fuel Fuel
Number/oc Capacity, consumption, consumption,
Annual Crops casions ha/hour |/ha/occasion |/ha 1 2 3 4 5 6 7 8 9 10 11 12
Ploughing 1 0.52 19.6 19.6 1
Fertilizer application 2 5.29 1.7 34 02 1 04 04
Harrowing 3 6.17 10.9 32.7 1 2
Sowing 1 4.27 4.6 4.6 1
Rolling 1 3.83 1.8 1.8 1
Pesticide application 5 4.12 1.5 7.5 1 1 2 1
Harvesting 1 20.2 20.2 0.5 0.5
Transport of harvest 0 0.0
Bailing of straw 1 7.1 7.1 0.5 0.5
Transport of straw 0
Total 96.9

Source: Fuel consumption: Danish studies in 2004
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GHG and LULUCF

> The temporal scale is very uncertain

28 November 2018

> The model set with: Sum =1

> Does not allow a set up with sources and sinks
> Sinks should then be negative values

> Emissions from organic soils could be shown/incorporated

> It is our opinion that the map for organic soils should be improved

> There is a likely mismatch between the inventory and current soil
map

> No data on peat excavation is available
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Results

> Results are easiest visualised by creating videos showing the
dynamics of the emissions

> In many cases, the variability in emissions is relatively small,
which means that it is difficult to visualise the results

> Some good examples of emission sources with large

temporal availability are road transport and residential
combustion
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Road Transport

Heavy duty vehicles and buses

Cco2

I 5 5903506014 - 6,6525240-006
I 6.6525250-006 - 1,586790e-005
I 1.586791-005 - 2,927969¢-005
I 2.9279706-005 - 5,503364e-005
[ 5.503365¢e-005 - 9,7282820-005
[0 9,728283e-005 - 1,536026e-004
[ | 1,536027e-004 - 2,278517e-004

2,278513e-004 - 3,268827e-004

3,258828e-004 - 4 477732¢-004

4,477733¢-004 - 5,941380e-004

5,041381e-004 - 7,696878e-004

7,606879¢-004 - 9,720495¢-004

9,720496e-004 - 1,208764¢-003
" 1,208765-003 - 1,502697e-003
[ 1,502698e-003 - 1,880163e-003
I 1.530164-003 - 2,384288¢-003
I 2 334289¢-003 - 3,079819-003
I 20798206003 - 3,9879682-003
I 3 9579696003 - 54293920003
I 5 4293930-003 - 7,324399¢-003

: 01-01-2016 00:00:00

Eelfast
o]

Sowrces: Esrii HERE, Garmin, Intermap, incement P Corp., GEBCO, USGS, FAC, NFS, NRCAN, GeoBase, IGN,

Kadas ter NL. Ordnance Survey, EsriJapan, METI, Esri Chins (Hong Kong), swisstopo, ® CpenStreetiap
contributors, and the GIS User Community =
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Residential combustion
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Conclusions

> The work has improved the knowledge on the temporal
distribution
> The uncertainty on the temporal scale is large

> Taking into account the actual year, i.e. holidays

> Temporal scale can be improved by having different

temporal models for different land use types, i.e.
> one for cropland
> one for grassland and grazing land
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Thank you for your attention!



