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BER- Building Energy Rating

KCC- KilkennyCounty Council

CIBSE Chartered Institution of Building Energy Services Engineers
CNG- Compressed Natural Gas

CQ - Carbon Dioxide

CSO- Central Statistics Office

eq - equivalent

F-gasesd Fluorinated gases

GHGS Greenhouse Gas Emissions

kt - Kilotons

ktoe - kiloton of oil equivalent

kWh - Kilowatt Hour

LPG- Liquid Petroleum Gas

LULUCR Land Use, land use change, and forestry
M&R& monitoring and Reporting

MWh- Megawatthour

NFR- Nomenclature for Reporting

PSVs3 Public Service Vehicles

SEALI Sustainable Energy Authority of Ireland
TFC- Total Final Consumption

WWTP- Wastewater Treatment Plant
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ThisCounty KilkennyBaselineEmissionsrventory, prepared by the South East Energy Agenegs
commissioned by the Climate Action Office of Kilkenny County Council, and funded by the
Department of Environment, Climate and Communications, with support from the Climate Action
RegionalOffice.

Thenational carbon reduction targets set out in the Climate Action and Low Carbon Development
(Amendment) Act 2021 are 51% reduction by 2030, compared to 2018 Ielkés.table below
outlines the sectoal GHG emissiongeduction target and emissons ceiling.

Sector Reduction 2018(ktCQOeq) 2030 ceilingktCQeq)
Electricity 75% 10,325.06 2,581.27
Transport 50% 12,188.38 6,094.19
Buildings 45% 1,540.54 84730
(Commercial and

Public)

Buildings 40% 7,093.73 4,256.24
(Residential)

Industry 35% 6,982.72 4,000.00
Agriculture 25% 23,393.35 17545.01
Fgases Petroleum | 50% 2,143.76 1,071,88
Refining and Waste

LULUCF Not confirmed 6,263.98 Not confirmed
Total 51% 69,931.54 34,266.45

Table 1. GHG Emissions Reductiomarget and Ceiling by Sector

Kilkenny County Councilis required, under Section 16 of the Climate Action and Low Carbon
Development (Amendment) Act 2021, to prepare a Local Authority Climate Action BRSAP). The
LACAP will outline the pathway fdfilkenny County Councito reduce its Greenhouse Gas Emissions
(GHG) by the required 51%y 2030

For the purpose of this report and the data analysis, all GHG are converted and reported as
CQequivalent emissions, or C@g. Some emissions are actual carbon dioxide (.Gsome are
methane (CH) and some are Nitrous Oxide {B)). All emissions are converted into Q.

The quantitative Baseline Emission Inventory was prepared in accordance with the methodology

HIGNA<=®@QFAF9R2=FF=P !5 ! DAE9L= +ALA?9LAGF KK=K
i LAGF . D9 MECaMBXIha3drideknds outlined the Tier 2 approach to be taken by

the Local Authorities in the development of the Bae Emissions Inventory at County Level. Tier

2 is the bottomup approach for data analysis, which takes national datasets and lesedle

datasets together to look at county wide GHG emissions across various sectors which include:

Residential

Manufacturing & Commercial
Industrial Processes
Agriculture

=A =4 =4 =
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Transport

Land UseLand UseChange and Forestrit ULUCF)
Waste
Fgases

= =4 =4 =4

The LACAP widllddressthe specific targes for Kilkenny County Council angdtherefore, included in
this BEI is the extraction d€ilkennyCounty Councils direct GHG emissions from the above sectors.
Kilkenny County Councils data is reported as a separate sector in this repditkenny County
Council has full accountability and obligationt® reduce its own GHG emissioasd can influence,
co-ordinate, facilitate and advocate for all other sectoia the countyto reduce their own GHG
emissions bytheir sectoral emissions targets b®030. The BEI therefore outlines the 2018 baseline
datafor CountyKilkennyas a whole an&ilkennyCounty Council as a separate sector.

Working in Partnershig Raising Awareness
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= Kilkenny County Council = County Kilkenny

Baseline GHG emissions
in County Kilkenny

51% reduction targets on
GHG emissions by 2030

GHG Emissions in ktCO,eq

ADAPTATION

Co-ordinate ¢fforts between
Creating the local vision,
communication,

awareness raising,
identification of funding, use of promotion, capacity building.
regulatory levers. Collaborate
and engage in partnerships on
climate action.

Targets/Metrics Key Performance Indicators

MITIGATION

5 10/ Reduction in GHG
© emissions by 2030

A Kitkenny County Council

Comhairle Chontae Chill Chainnigh
NRB7Y

Figure 1. Local Authority Scope on Climate Action (source CCMA/CARO)
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This Tier 2Baseline Emissions InventoiBEloutlines the GHG figures for 201i8,order to establish
the absolute GHG emissions target for 2080 CountyKilkenny.

The methodology used, includinthe data collection process, the sources of data, assumptions or
projections made, and the calculatio methodology, are as providedA F L @= a2=; @QFA; 9D
| DAE9L= +ALA?9LAGF KK=KKE=FLA G> L@= *G; 9D ML ¢

In order to ascertain the GHG emissions per sector, the energy consumption has also been
analysed and is repded alongside the GHG data in this report. Although not the focus of the
report, which is GHG emissions, the enepta has been included for reference purposes, as it is
the energy data that is converted to G&y. GHG emissions in some sectors (wherelagble).

Energy consumption in 2018 for Couni§ilkennywas 3,312.73Gigawatt hours (GWh It should be
noted that energy fromon-site renewables only contributed t06.32% of the total fuel mix
Renewables associated with grid electricityere 33.20%", seeError! Reference source not found..

Renewable on-site
6.3%

Renewable
Network Non Renewable
33.2% 60.5%

Figure 2. Sources of energy, County Kilkenny (2018)

The nonenergy related GHG emissions include Methaf@H,), Nitrous Oxide (MD), sulfur
Hexafluoride (SE and are mainly associated with agriculture, industrial processes, wastegages
sectors.

The breakdown of GHG emissions and energy consumption per sector for 2018 is as fodlegvs
Error! Reference source not found.:

Kilkenny County Council

1 Total final emissions produced biilkenny County Counciin CountyKilkennyin 2018 was
4.47ktCOeq.

1 Total final energy used in 2018 was.08GWh

1 https://www.seai.ie/publi cations/Energy-in-Ireland- 2019-.pdf
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i Total average GHG emissions producedHKilkenny County Council in the period 2016
2018 was.06ktCOeq.
1 Average final energy used in 202618 baseline wa$5.45GWh

Residential
1 Total residential emissions wer289.32kt of CQeq in 2018
9 Total delivered energy for the residential sector for 2018 va&4..37GWh

Manufacturing and Commercial
9 Total emissions in 2018 we298.53kt of CQeq;
9 Total final energy used in 2018 wa®25.11GWh

Industrial Processes

9 Total emissions from industrial processes we?€.32ktCQeq.

Agriculture

9 Total emissions in 2018 wel@66.15ktCQeq.
9 Total final energy used in 2018 wa83.26GWh

Transport
1 Total final emissions from transport werg74.31ktCQeq.

9 Total final Energyor Transport secbr was1,007.92GWh

Land Use Land Use Change and Forestry (LULUCF)
9 Total emissions from LULUCF sector wéi286 ktCQeqin 2018

Waste

1 Total emissions from waste sector wefd 48 ktCQ,eq in 2018

F-Gases
1 In CountyKilkennythere were no emission accounted for bygases

GHG emissions in 2018 for Coultikennywas1,945.45kt of CQOeq.

Agriculture is the highest GHG emitter, wi9.66% of the County GHG emissions.

Manufacturing & Commercials second with15.3% and Residentialfollows with 14.87%%6 GHG
emissions

GHG emissions for Kilkenny County Council in 2018 wed&kt of COeq, or 0.23% of the County
wide GHG emissions The average GHG emissions for Kilkenny County Council in-2018 was
5.06ktCOseq.
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Industrial 1.04% Waste 1.00% Kilkenny Co Co 0.23%

LULUCF 3.75%

Commercial &
Manufacturing

15.35% H

)
/ﬁ\ Agriculture

=

Transport
14.10%

Residential
14.87%

County Kilkenny Total Emissions 2018

Figure 3. Share of Total Emissions inCounty Kilkenny 2018
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This County Kilkenny Baseline Emissions Inventory, prepared by the SouthEzesgy Agency, was
commissioned by the Climate Action Office of Kilkenny County Council, and funded by the
Department of Environment, Climate and Communications, with support from the Climate Action
Regional Office.

The 2030 Emission Reduction Targetsas out in theClimate Action and Low Carbon Development
(Amendment) Act 202k a 51% absolute reduction in overall greenhouse gas emissions by 2030 and
setting us on a path to reach netero emissions by no later than 2050, as committed to in the
Programme for GovernmentGovernment of Ireland, 2021)

An absolute reduction means that regardless of activity in the county, the total GHG emissions
across the County by 2030 must be 51% less than the total GHG emissions in the baseline year, which
in this case is 2018. For example, if the GHG emissio2918 were 100 ktG@quivalent, then the

total allowable GHG emissions by 2030 is 49kt, Equivalent The absolute target must be met
regardless of growth or changes withi#achsector.

Although the National targets are set against a 2018 baselinecal Authorities are required, in
accordance with Department Guidelines on the preparation of a Climate Action Plan, to use the data
average of 2012018 as their baseline period. Therefore, throughout this report, when Kilkenny
County Councils baseline datia outlined, it is for the 201:2018 baseline period. All other sectors
data included in this report use 2018 period for their baseline.

KilkennyCounty CouncilKCC) requestd the SouthEast Energy Agency (SEEA) to preptiie Tier
2 BaselineEmissiondnventory (BEI) for Countifilkennyto serve as an evidenebase for mitigation
planning in CountyKilkenny, and to inform the development of the-gear CountyKilkennyClimate
Action Plan.

The following report outlines the results and the miebdology used to calculat€ounty KilkennyA K

energy consumption and GHG emissions per sector for 2018. The methodology and Tier 2 approach

for the County Wide GHG emissions inventory was outlined indh2 =; @FA; 9D FF=P g
+ALA?9LAGF th&lcalkakitEorty Clihate@etion Plan Guidelindsublished inMarch

2023(pages 2430)(DECC, 2023)

Tier 2 is the bottoraup approach for data analysis, which takes national datasets and leszdle
datasets together to look at county wide GHG emissions across various sectors which include:

Residential

Manufacturing & Commercial

Industrial Processes

Agiiculture

Transport

Land UseLand UseChange and Forestrit ULUCF)
Waste

=4 =4 =4 =4 -4 -8 9
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This baseline report aims to raise awareness of climate change and the impact that different sectors
in County Kilkenny@9 N= GF ' J=D9F<AK GN=1J9B®Itprd@ideKikénny= E A K K A (
County Councilvith the necessary information to make decisions on climate change actions

It is important to note thatthe BEI AK 9 | KF9 HK@E L 9 HEG diksionsburdss;
and it is not an inventory of emission reduction opportunities ((pagel7(DECC, 2028)

The methodology used for the analysis was developed using MapEnel EPA dataand other
publicly available local sources including:

Electricity metered consumption data

l =FLJO9D 1L9LAKLA; K - >>A;census an@@hbgort @@rbds ; = F K MK |
1# ' AK D9L=KL # E eniszignh fabtérs for fuelstafdrgrd eldéctriehe J L

M&R systerhand National Building Energy Rating Databdse

Valuation Office data on commercial buildings

CIBSE energy benchmarks (Guide F and TM46)

Agricultural energy and emissions benchmarks from sources such as Teagasc, Dept.
Agriculture, Food and Marine, and the Carbon Trust

= =4 =4 =4 -4 -4

MapElreis the state-of-the-at AFL=?J9L=< EG<=D KQKL=E LG E9H =EA
inventories of air pollutants and greenhouse gases. Based on a variety of spatial and statistical data,

the MapElre model produced detailed spatial emissions at a resolution of 1 km x {(Ptejdrup,

2018)

'"Metered Electricity Consumption 202CSO- Central Statistics Office

i Introduction and Overview of ResultsCSO- Central Statistics Office

i Energy in Ireland 2019 Report (seai.ie)
Vhttps://www.seai.ie/data-and-insights/seaistatistics/conversionfactors/
Vhttps://psmr.seai.ie/Reports/PublicAnnualReportForPublic?customerld=261&query=undefined
vinttps://ndber.seai.ie/BERRe=archTool/ber/search.aspx

vihttps://opendata.valoff.ie/api/

2 https://projects.au.dk/mapeire
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The following elementdor the BaselineEmissionsinventory (BElwere requiredby KilkennyCounty
Council as outlined inAnnex €of the LocalAuthority ClimateAction Plan GuidelineDECC, 2023)

1 A calculation of theGreenhouse Gas (GH@inissions resulting from activity within the
geographical boundary of th&ilkennyCounty Councibrea.

1 Viwal representation of the resultingGHGemissions baseline, broken down as far as

possible into subsectors.

A ranking of sectors and sukectors contributing the largest GHG emissions.

A detailed report outlining the methodology, assumptions and all data sets used to

formulate the BEI, and an executive summary customised for a-teechnical audience.

1 A calculation of the emissions reduction required, based on the baseline, to meet the
national climate action plan 2030 targets.

1 Any other outputs resulting from the BEI analysis that will add to the evidebese for
mitigation planning in the Local Authority administrative area.

1 Present the findings tdilkennyCounty CouncilClimate ActionTeam

T
1

TheGHG Protocol Corporate Standamtegorises greenhouse gas emissions as Scopesdope 2,

and Scope 3 emissionsThis report analysesScope 1 emissions, which are direct emissions
associated with direct consumption and activitgf each sector This does not include emissions
associated with the purchase of energy (Scope 2) or indirect emissions from the value chain (Scope
3).

9 Scope 1 enissions 8 This covers the GHG emissioiniem direct consumption and activityp
for examplerunning boilers and vehicles

9 Scope 2 emissions3 This covers thendirect GHG emissionassociated with the purchase
of electricity, heat or cooling

1 Scope 3 emis#ons 3 This coverghe indirect GHG emissionfor a sectors value chairfpr
examplegoods and services purchased

The Scope 1 emissions included in this report includes all emissions locally produced fham
following sectors

Residential

Manufacturing& Commercial

Industrial Processes

Agriculture

Transport

Land UseLand UseChange and Forestrit ULUCF)

Waste

Fgases

=4 =4 =4 -4 -8 -4 -8 -9

3 https://assets.gov.ie/250051/e165c6b3eed-487d-b4ec-1db46dcec7el. pdf
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The methodologyused in the inventory was thadutlinedina 2 = ; @FA; 9D FF=P !'n ! DA
K K = K K E = H.ac#l Auherity ICK@rate Action Plan Guidelingpublished in September 2022
(pages 2430)(DECC, 2023)

TheBaselineEmissionsinventory (BEI) is a key instrument that will enatékenny County Council
to identify actions b include in the Climate Action Plan, and as a baseline against wtdacheasure
the impact of actions. The BEI represents an evidetased approach to not only inform
appropriate emission reduction actionsut also measure progress overtime.

Source of database useith the inventoryis listed in AppendixX.6.1

31 ) )y #)-3, 373,11 "*a#%& %
#+' 11" -, 1

KilkennyCounty Councimaintains responsibiliyy to deliver its own targets for emission reductions

and establishing the baseline is a necessary starting point. Data for the Local Authorities direct
energybased emissions are reported annually to the SEAI under the mandatory Monitoring &
Reporting sysem*. The M&R system is the tool that tracks the public sectors progress towards the
2030 targets, based on the annual submission of energy data. The methodology for reporting
Kilkenny County Councils data to the SEAI via the Monitoring & Reporting sysseseti out by the
SEAIKilkenny County Council have reported using this system since 2012, and all data has been
verified and accepted by SEAI, and is published in the Annual Report on Public Sector Energy
Efficiency Performancesge most recen2021report - Sustainable Authority of Ireland2022)

2@= *G; 9D ML @GJALQAK GOF =EAKKAGFK 9J=and 9HL MJ =
Transportsectors datasets provided by MapElr€or this reportKilkenny CountyCouncils data is

reported separatdy and have beerextracted from the data reported for the Manufacturing &

| GEE=J; A9D K-=; L G;JG MFQ TAZ KaBggert erhissiGWhttribated to Kilkenny

County Councilare alsoextracted from the general Transport data and reported under Kilkenny

County Councillirect emissions.

It is necessary thaKilkennyCounty Councibddresses its owiisHGemissions and clearly identifies

the sources and level of emissions and energy use from across the range of activities performed. The
requireddata= PLJ 9; L=< >JGE L @= DG; 9 Banendigy@e dabdniadel + b0 K
BEI distinct toKilkenny County Council This BEI should be used to inform the development of

targeted and specific actions to further reduce the local authodtgtvn emissions.

4 https://psmr.seai.ie/Account/LogOn?ReturnUrl=%2f
® https://www.seai.ie/publications/Public-SectorAnnuatReport2021. pdf
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This report focuses on energy use a@HGemissions from different sectorsvhich align with the
sectorsaddressed by the National Emissions InvenydEnvironmental Protection Agency, 2020)

The sectors are:

Residential

Manufacturing& Commercial

Industrial Processes

Agriculture

Transport

Waste

Land UseLand Use Chang& Forestry (LULUCF)
Fluorinated Gases {ases)

©NoOOAWNE

Industrial - onsite Transport - combustion Agricultural — heating fuels (oil,
combustion of fossil fuels engines vehicles burning gas, peat, coal), machinery fuels
(coal, oil, gas, diesel, etc.) diese]/petrol, rail services (diesel), electricity consumption

and electricity consumption using electricity and methane

Commercial - onsite Residantisl - haat! Waste — methane
combustion of fossil fes ; en_la = heating produced by
fuels (oil, gas) and uels (oil, gas, peat, decomposing waste

electricity consumption coal) and elegtrlc1ty in landfill
consumption

Figure 4. Representative Sectoral Sources of GHG Emissions (Source: Codema)

The analysis focused on the energy demand and fuels used to provide energy, and the associated
CQeq emissions and GHG emissions related to activities witfounty Kilkenny. Non-energy
related emissions were atsreported where availablend are mainly outlined in the Wastéand

Use, Land Use Changer&restry(LULUCand Agriculture sections.

3.3 #+'11'1H -1 #

The emissions accounted for in the MapEkeQ L 9 KGMJ; = AF; DM<=K : GL@ | =E
O#2106 9FKAKKRAGH K L J9 <-ETSP seckors @xdEemidsiondRsGifcludes all

emissions locally produced from sectors, those produced by large industries, buildings (residential

and commecial), industrial processes, waste, transport, agriculture and lande. Domestic

Working in Partnershig Raising Awareness
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aviation is also accounted for however, it does not include emissions from hitthaviation as those
9J= FGL ; GFKA<=J=< H9JL G> ' J = bshis<Moi¢ detaiGdardbe J = HG.
found in the EPA 2022 RepdEPA, 2022)

1 Emissions Trading Scheme (ETSP Thismeans thatGHGrom certain sectorsare treaed
as a commodity or product that can be traded on the EU carbon markétis includes
emissions from largendustries, electricity generators, and the aviation industry.

1 Non Emissions Trading Scheme (NonrETS)8 This meansthat GHG fromsectors that
cannot be traded on the EU carbon markétlonETS emissioninclude greenhousegas
emissions from homes, cars, small businesses and agriculture.

34 #+' 11%-1,2-01

Emission factors are used to convert energy use to€f@missions Emissions factors for different
fuel types are published by SEAI annuaiind the 28 factors were used for this reporas the
baseline year is 20£8The emission factorare values that relate the quantity of emissions into the
atmosphere based on the type of fuel usefitror! Reference source not found. below illustrates
the emission factors for different fuel types. It should be noted tHathas the highest emission
factor, as it has the highest emissions in®@eqgfor every 1 kWh of energy use.

Emissions Factor by Fuel

Electricity

Petroleum Coke

Gas / Diesel / Oil

Kerosene

Gasoline (Petrol)

-
o
(2}

Fuel Type

=}
w
o
w
a

0.15 0.2 0.25 0.4

KgCO, /KWh
Figure 5. Emission Factors for Different Fuel Types 2018 (SEAI)

o
=
o
vl
o
-

35 I 0 9.3%%1#22"' , %
1'9D; MD9LAGFK GF | ;9JJ: GF @rmlysléastutrehtl?@fﬁéettigxannol:tﬁL AF: D
MK =< LG E== L @= HM: DA; K=;LGJAK E9F<9LGJQ =EAK

% https://www.seai.ie/data-and-insights/seatstatistics/conversionfactors/
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practice which involves an organisation removing or offsetting the same amount of carbon
emissions from the atmosphere to copensate for the carbon emissions that it emits.

Large renewable energy projects like wind and solar farms that are connected to the national
electricity grid contribute to the reduction of emissions at a national level and are reflected in
reduced emissios intensity of electricity generation. Therefore, the associated reductions cannot
:= ; GMFL=< K=H9J9L=DQ 9L 9- BGMFLAFDPANLIDF FK AKAAIGI

3.6 113+.2" 5 %1+ 2 2" - .1

It isimportant to note that there are asumptions used in all methodologies for local level emissions
baseline. These are required as it is impossible to create a completely accurate picture of all
emissions.

All data from the Central Statistics Offiég from theCensus 2016ata setand the 220 Agricultural
Census The Census 2022 data was not fully available at time of analyhis.is as per th&echnical

FF=P 'n ' DAE9L= +ALA?9LAGF KK=KKE=FLA G> L @=
(DECC, 2023)

The data sources used for each sector, along with the respective assumptions and limitations are
provided in the Appendi® 6.1

Kilkenny County Council

 The: 9K=DAF= Q=9J >GJ )ADC=FFQ ! GMFLQ ! GMF; ADA
GHG emissions the baseline is 202@18

1 Energyand GHG Emissions reportedy Kilkenny County Council includetheir non-
domestic buildings and facilitiespublic lighting and fleet

9 Local Authority social housingnergy related emissions is reported under residentsactor.

9 Staff business travel energy related emissions is reported unidansport sector.

Residential
1 N=J9?2= =F=J7?2Q MK= Hxyinkelard BihdaFRepotBEAG201®# ' AK 1
used. The average energy use per dwellin@018was 18,208 kWh, equating to 5.1 tonnes
of CQeq.

1 Census provides information on the main source of heating fuel used per dwelling, which is
used tocalculate a percentage breakdown oénergy consumption at County level 3 this
comes from the Private Households in Permanent Housing Units 22016.

Manufacturing and Commercial

" https://data.cso.ie/table/E1005
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I There are no energy benchmarks available in Ireland for commercial properties, so a
Chartered Institution of Building Services EngineefSIBSE UK Guide was used; this was
based on numerous surveys in the UK for different comuiat property typeqCIBSE, 2008)

f All offices are takerio bel FOLMJ9DDQ N=FLAD9L=< GHGBSEHD9FA
2008)

9 The CIBSE benchmarks only sptitergy consumption averages for buildindsto thermal
and electricity. Thereforeto split the thermal consumption byfuel types, the national
breakdown ofthermal and electricityin the Manufacturing & Commercial secttiad to be
used

Industrial Processes

1 MapElre database was used for n@mergy related emissionfAARHUS University, 2022)

Agriculture

1 The agricultural sector in Ireland has very littfublicly availableenergy related GH@ata
and as such, energy use was basedl®nchmark data Livestock datawasextracted from
Central Statistics Office Census of Agricultdral

1 MapElre database was used for n@mergy related emissionAARHUS University, 2022)

1 Energy benchmarks developed by Teagag§teagasc, 2019re the only Irish energy in
agriculture benchmarksand benchmarks for poultry and sheegre not availableTherefore,
the UK Carbon Trust and the@ ) Départment of theEnvironment, Food and Rural Affairs
(DEFRAIN Britain, were used as a representation of Irish agriculture

Transport

1 Average vehicle efficiency and GHG emissions were extracted form the SEAI report on
| #F=J?2Q AF 2SEA,RK4pGEStdrmine hadndkgy use per vehicle type.
§ The 2018 fuel mix fronb @= 1# ' AK | #F = JSEM, 2B1Byas used DO F< [ P
breakdownthe energy use from transportatiomper fuel type
9 The nationaldataset shows that an average of 1% of transport fuel is related to Compressed
Natural Gas (CNG). Without data specific to County Kilkenny, this national average has been
used to estimate the fuel mix breakdown.
1 MapElre database was used to estimate raihissions and norenergy related emissions
(AARHUS University, 2022)

Waste

8 https://data.cso.ie/table/AVA28
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1 Energy related emissions for waste servicesiwered under Manufacturing & Commercial
emissions reported in Section 7 of this report (under industrial uses).
1 MapElre database was used for n@mergy related emissionAARHUS University, 2022)

Land Use, Land Use Change Borestry (LULUCF)

1 MapElre database was used for n@mergy related emissionfAARHUS University, 2022)

Fluorinated Gases (FGases)

1 MapElre database was used for nemergy related emissionAARHUS Uwngrsity, 2022)
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