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Abstract

It is important to nderstandhe change inuncertainty inreporting greenhouse gas (GHG)
emissionsto improve thecommunicabn of uncertainty and tdacilitate the setting of
emission targetsUncertainty in GHG enssionsvaries over time due tathe effects of
learning as well asstructural changerhis reporprovidesexamples of change in uncertainty
due to structural changsm GHG emissions considering E4$J*20-20-20" targets.We
estimateuncertainty for the year2020 for variousscenarios of energy pathwagssuming
today's knowledgeWe apply an emissionshangedncertainty analysis technique (called
Und&VT) developed in IIASA to calculate modifietinission tegets forthe EU.
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Influence of Structural Change In Emissions on Total Uncertainty

Myroslava Lesiv
1 Background and objectives

This reportexamineshe influence of structural change greenhouse gas (GHG) emissions
on uncertainty.

GHG concentrationn the atmospherkave increasedince the start of industrial eesdare

the maincause of the increasesanerageglobal temperatured.he Intergovernmental Panel

on Climate Change (IPC@ssessethe best scierfic work on climate change, its potential
impact, and possible response strategies. One ah#mepolicy toolsis the Kyoto Protocol

to the United Nations Framework Convention on Climate Change (UNFCC), which mandates
reporting of GHG emissits at thdevel of countries andets targets for the commitment year

— 2012.The currengoal of the UNFCC $ to establistirostKyoto targetdor the period from

2012.

TheEuropean Union (EU-273 committed taeduéng its GHG emissions by 20%( 30% —
see beloyby 2020comparedo 1990 levels The EU Member Stateslaim in their annual
inventory reports that between 1980d 2008 GHG emissions decreased @b. As Figurel
showsthe EU-27 is off track compared with its linear target path #20% reduction by
2020, and even further ofifack fora 30%reduction
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Figurel.GHG emissions trends and targets forEhe27

The EU-27 GHG emissions artalling, but at a slower rate thastesirable If this trend
continues through 2020, the 20% reduction target will not be achieved barritige
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implementation of additional measures, suctha&U Energy andClimate Change package.
The EU needs to triple the impact of its energy efficiency poli¢egplained below)n order
to reach the20-20-20” targets.

The EuropeanCommissionadopted theClimate Action and Renewable Energy package
(2008) that is alsoreferred to as theEuropean“20-20-20” strategy It was part of
implementing the Integrated Energy a@timate (hange package of 2007. Tipackage
undescoreghe objectiveof limiting the rise in global overage temperature to a maximum of
two degrees Celssuabove preindustrial levels. TMember States agreed to:

- Cut GHG emissions by at least 20% 1990 levels(30% if other developed
counties commit to comparable cutsyhich equalsa 14% reductiorfrom 2005
levels

- Cutenergy consumption by 20%6 projected 2020 levels by improving energy
efficiency,

- Increaseuse of renewabls (wind, solar, biomass, ettd) 20% of final energy
consumption.

TheEU proposed th®llowing targets

- For power plants and energyensive industries emissionsareto be cut to 21 %
below 2005 levels bthe year2020 (by granting fewer emission allowances under
the EU Emission3rading £hemé;

- For sectors not covered by the ETS (e.g. transpecgpt aviabn, which will join
ETS in 2012, farming, waste, household®missionsareto be cut to 10% below
2005 levels byhe year2020 (through binding national targets);

- Renewablesre toproduce 20% of all the EU’s energy by 2020, ankkast 10%
of transport fuel in each countspouldbe renewable (biofuels, hydrogen, ‘green’
electricity, etc). Biofuels must meet sustainability criteria

- Promotion of safe use of carbon captuand geological storage (CCS)
technologiesin order toremoveeventually most carbon emissions from fossil
fuels used in power generation and industry.

Working together the 27 EU countries dzawve greatenfluence onthe global fight against
climate changéhan they could hope to have working separately.

In compliance with internationalbligations,it is very important to have guarantees that the
reportedGHG emissionsare sufficiently accurate. However, all dathat goesinto GHG
inventoriesare uncertain.Uncertainty in GHG emissions resulirom varied casual factors,
including uncertainty regardingpurces of emissions, absence of transpanenayrocess or
aninventory,amongothers.

Firstever estimatesfochangs in uncertaintyare presented iman IIASA report (Hamal,
2010). The authoranalysed changan uncertaintyover timethat result fromlearningand
structural change. Thenaoertainty reported in national inventory repoatssumeprecision
and do notconsidererrors ofaccuracy. Precisiorefers tothe degree of reproducibility of



repeated emissions (random errors). Accuracy is the difference betweemptnted

emissions estimase(systematic errors)Hamal calculated combined relativcertainties
(for the EU-15), which consider both iaccuracy anéh precision. e results arplotted(see

Figure 2)andfitted with atrend function that followan exponential curve with decrease of
approximately 4.24% each year.
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Figure 2. The EU-15: relative uncertainty ranges fahe estimates o€O, emissionsfrom
fossil fuel burning and cement production. (Source: Hamal, 2010)

The decreaseKigure 2 in the past is thought to be almost exclusivedysed by learning
(95%) and only marginally bystructural changein fossil fueltechnology(5%). However,

structural change in emissionssulting from implementation of new energy measuas

producesignificant decreaseor evenincreass in uncertainty.This can happendtause
uncertaintyin emissions from different fuels is not the safine., combustion of liquid and
other fuels involvegreateruncertainty than solid and gaseous fuels).

So far, we are able to estimate and distinguish between changes in uncertaintgaureng

(1) and structtal changeg2) in emitters, but only for a few countries with good emissions
statistics and inventories; and we believe to know that the first effect duroetpaces the
second. However, our knowledge is still poor and not yet robust.

This study focuss on estimatinguncertainty undescenaris of structural changen GHG
emissions considering new measuresthe EU’s “20-20-20” targets — using today’s
knowledgeof emission generating activities and factarkis is a diagnostic exercise with
one step forward. We calculateetotal uncertainty that we wiface at sspecified time irthe
future using theliagnostic capabilitieae havetoday.

In thereport,we usedatafrom National Inventory Reports (2008hdthe Annual European
Inventory Report to the UNFCC (2009):



- combinedemissiongCO,, N,O, CH,4) in CO,—equivalentby sector;
- CO,emissonsfrom fossil fuelburning;
- relative uncertaintieBy gas andector.

The report begins witla descriptionof the methodologyto estimate uncertainties aride
Undershooting and Verification tim&J(d&VT) conceptto calculate modified targetbat
involve uncertainty and the risk that GHG emissions in the commitment yeaedeXueir
official target Thenext chaptepresentshe results

- estimatesof total uncertaintyin GHG emissionsunder scenarios of change
emissions consideringhe EU’'s “20-20-20' targets for the EU15 ( relative
uncertainties by sector areported only for the EU-15);

- estimatesof changein uncertainty inthe energy sectomassunng a New Energy
policy for the EU-27 (relative uncertainties for the Energy sector were reported by
all EU countriesexcept Malta)

- calculation of modified targets for the commitment ye2020Q) taking into
accountuncertainty.



2 Mathematical background

2.1. Estimating uncertainty

Signatoriesto the United NationgrameworkConvention on Climate Change (UNFCCC)
annually rg@ort GHG emissions iraccord with the standardized guidelines for national
agencies developed by the IPQChuntries are obliged to include in their reports direct or
alternative estimates of uncertairity estimateof GHG inventoriesThe estimates of CO
emissions from fossil fuetonsumptiorare the most accurate to compavith other source
categoriesyncertaintiegor Tierl methodareestimatedo lie in the range of £5%).

In this report, we estimate uncertainty in £é&missions from fossil fuetonsumption at
point in timefollowing thesetwo steps:

- Calculating emissions from fossil fuel consumption using scenarios of future
energy demaneh thecommitment year (i.e., 2020);

- Estimating total uncertainty by combining uncertainties in emissions from
different fossil fuelsand applying today’s uncertainty expertise in emissions
accounting

CO; emissions arestimatedrom the amount of fuel burned, the carbon content of the fuel,
and the efficiency of the combustion. As IPQE006) suggestsCO2 emissions are
calculatedrom thisequation:

Carbon emissions = AD = NCV = CC * COF, (1)

where AD is activity data in physical unitsGg NCV is net calorific value (energy per
physical units) J/Gg CC is the carbon content (mass of carbon per unit of energs aet
calorific value basis), Ggd; COF is a carbon oxidation factott is assumed that 100% of the
carbon in fuel (coal, oil and oils products, gas, pdat electricity generatioris fully
oxidized, orjin mathematical language:

COF = 1.

In this study,total uncertaintyin CO, emissionsis estimated forfuture fuel consumptia
projectedfor the year2020. We us@ur knowledge ofuncertainty todayn activity dataand
carbon conterdindkeeprelativeuncertainty constant in botctivity data and carbon content
over the period projected.

We obtain all data (net calorific values, carbon content,tla@darbon oxidation factd for
different fossil fuelsfrom the IPCC Guidelines IPCC, 2006); GHG emissions and their
uncertaintiedy country andsouce we obtainfrom the 2009National Inventory Reports to
the UNFCCC androm theEuropean Community GHG Inventory Repdtt), 2009.

To combineuncertaintiesapproach lis implementedas describedn the IPCC Guidelines,
Chapter JIPCC,2006):



- Uncertain quantities combined by multiplication:
Utotal =\/U12+U22+"'+U7%' (2)
where U;,:a1 — COmMbined uncertainty in relative term8; - relative uncertainty

associated witlguantities.
- Uncertain quantities combined by addition and subtraction:

_ VU1%x1) 2+ Uz x2) 2+ -+ (Up*x1)?
Utotal - |x1+x2+---+xn| ) (3)
where U;,:q1 — total uncertainty inrelative terms; x;and U; —emissionsand the

percentage uncertainties associated with them, respectively.

In calculatingequations 2and 3,correlationbetween yearss disregardedas we estimate
total uncertaintyat a singlepoint in time. Emissions from fasl fuels are assumedo be
uncorrelated as we use overall consumption of individual fuels before combining
uncertainties

The GHG inventory is principally the sum of products of emission factors, activity data and
other estimation parameters. Theref@agproachl can beappliedrepeatedly to estimate the
uncertainty of the total inventor\We useequation 2o combine uncertainties in activity data
andthe emission factor, and equatiornt@ combine unagainties fromconsumption ofossil

fuels

2.2. GHG emissions reduction targets with uncertainty considered

In this study,we usethe Und&VT techniquepresented inIASA Interim Report IR04-024

(Jonas et al, 2004) to calculde modified targets The Und&VT technique applies
undershootingnd calculates a modified targetremuce the risk thahe countries’ true (but
uncertair) emissions in the commitment year/period exceed committedsldved Und&VT

technique is describeid online material athellASA web-site:

http://www.iiasa.ac.at/Research/FOR/uncertainty/MathBack JONABef

The equation that calculademodified targetsfor the EU (Caselin the aforementioned
source)

1-2
S, =5+(1—5).1J(r(1_2f’)p, 4)

where 6,4 IS the modified target;é is the emission reduction/limitation target for the

commitment yearp is therelative uncertainty in the commitment year; o (0 < a < 0.5) is
theallowedrisk thatthetrue emissions in the commitment year exceent thgget


http://www.iiasa.ac.at/Research/FOR/uncertainty/MathBack_JONASetal.pdf

3. Calculations and results

3.1. Estimates of total uncertainty

Using the methodology described@hapter2 we estimatéheuncertainty inGHG emissions
for the commitment yea202(Q taking into account thEU’s “20-20-20" target.Calculations
are for the EU-15. In this chapter,we work with the following assumptions for the period
2005-2020:energy demands constant; emissions linearfypproach thegreed targetsand
relative uncertainty in source categories remains constaaot.calculate averageannual
change in uncertainty we assume that total uncertainty changes lioeariyne.

Figure 3shows the uncertaintg emissions forthe EU-15:

Red arve: 30% cut of GHG emissions by reducing fossil fuel
consumption(constammissions fronall other sourcés Uncertainty increases by
2.8% per year.This is because other emission sectstgh as Industry and
LULUFC are more uncertain, and their values do not changetiover

Blue curve: 20%cut of GHG emissions by reducing fossil fuel consumption,
(constantemissions from other sectdrdn this case,uncertainty increaseby
1.6% per year for the same reason.

Greencurve: cutof GHG emissions in all sectors accordingthe EU’s “20-20-
20" targets. Agresult, uncertainty will increase by (P2 per year. This value is
very smallcompaed to the two previous cases, because GHG emissialhsot
only in theenergy sedr butalso in all othesectos.
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Figure 3.Estimatef uncertaintyin GHG emissions considerirsgepby-step targemode
for theEU-15



This is an example of possible chasge uncertainty due to structural change in emission
However,theincreasean uncertainty couldbe reducedby a “learning process(seeFigure 2.

3.2. Estimates of uncertainty in CO2 emissions in energy sector

Energy is the most importaahdbest knowrsector accountingor 80% ofall EU emissions
GHG mitigationmeasures are setainly in this sector

This chapterfocuses on Et27 as a wholeWe calculateuncertaintyin CO, emissions of
fossil fuel combustion under thiereeassumptions below.

(1) We use today's knowledgef activity dataand emission factors (uncertainty in
activity data and carbon contestthe same irthe commitment year as ithe year
2005).

(2) During the projection period (20052020), GHG emissionsapproach theagreed
targets (“20/20/20")inearly.

(3) GHG emissions including CO, emissions from renew#e energy sourcesare
assumed carbeneutral Increasing the share of renewabile the EU fuel mix will
therefore result in significantly lower GHG emissions. The additional railew
energy deployment needed to achieve the 20% target will rddecnnual CO,
emissions inthe range of 60B00Mt in 2020 COM 848 2006§. One importah
source of renewable energy is biomass.o@nts of biomass used as fuelse
included in national energy consumptidiut the correspondin@O, emissions are
not included in the national total of emissioas it is assumed that biomass is
produ@din asustainable mannand releases the carbon that it had soaked up before
If biomass is harvested at an unsustainable naieCO, emissions argenerated as
loss of biomass stocks in the Labde, LandUse Change Forestry sector
(EEA,2009).

All required data areavailable from the Member Statddational Inventory Reportd\(R,
2003-2009)and the GHG Inventory ReportEEA, 2009). We calculate uacertairty for the
EU (excludingMalta because itloes noteportuncertainty ints GHG inventories,).

In the previous Mapter we assunedthat energy consumption is constdtieére weallow for
changs in energydemandWe usethe two scenario®f future energy demandescribed in
the Second Strategic Revie({6EC 2871, 2008pf the EU to calculate emissions in the
commitment year 2020

- Baselinescenariaeflectingcurrent trends and policies;

- New Energy Policyscenariaeflectingthe EU targets on climate change mitigatj
mainly a reduction of 20% of GHG emissions compared to 1990 dueitactkase in
the dareof renewables in final energy demand by 2020, combined avethbstantial
improvement in energy efficiency.



Except for the policy assumptions, all other assumptionsth( respect totechnology,
economic structure, demographic development, ate)the same for the Baseliseenario

and the New Energgcenario Both scenarios start from common projections, notably on
economic growth (2.2 % on average up to 2020). The Baseline includes ¢reneist and
policies as implemented in Memb States ugo the end of 200@EC, 2008) The New
Energy Policy scenariassumes vigorous implementation of policies to make substantial
progress on energy efficienand reachemissionand climate targetdmplemening of the

New Energy Policycenario requires radtion of GHG emissionsy 20%.

Both the Baseline and New Energy Polmgenariosgive ranges forenergy consumption
depending on oil price environment. The moderate prieans an oil pric61$ (2005)/barrel
in 2020. The high pricemeansan oil price 100 $ (2005)/barrel in 2020.

To facilitate the interpretation ofesults, we explain by referring to some examplés
influence of structural change in fossil fuels consumptioretativeuncertainty. Combustion

of liquid and other fuels involves bigger uncertainty than solid and gaseous fuels, Bnd eac
fuel has different emission fact¢fable 1) Replacing consumption of one fuel by another
could result on increase or decrease in total uncertdigure 4.

Table 1.CO, emission factorand uncertainty by fuel type

Fuel type CO; emission Uncertaintyin
factors(t/TJ) relative terms
Liquid Fuels 73.05 0.1000
Solid Fuels 97.30 0.04
Gaseous Fuels 56.59 0.02
Other Fuels 81.95 0.16
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a) liquid fuels by gaseous by 20%; b) solid fuels by liquid by 208 replace fuels
in energy units (J)

Results

Estimates of total uncertainty undée energy scenarios (Baseline aNdw energy policy)
are shown in th&igure 5

- Baseline:

a) Blue curve (moderate oil price) uncertainty decreaséy 0.13% per year
because fousing more gas in fossil fuel combustion that haslaycertainty;

b) Red curve (high oil price} uncertainty decreasdy 0.19% perear beause
of changes in fossil fuetombustion: less oiland more solids, which have
lower uncertainty;

- New Energy Policy:

a) Green curve (moderate oil price)uncertainty increases by 0.5% per year
because of combination of reductions in combustioalldlels (using more
renewables)

b) Purple curve (high oil price} uncertainty increases by 0.27% per year
because of reductions in combustion of all fuels,gvaaterthan in case with
moderate price.
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Figure 5.Uncertainty of CQ emissions of fossil ®is consumption consider future energy
demand

In the case othe New EnergyPolicy, relative uncertainty €O, emissions will icrease due
to structural changén fossil fuel combustion, but the change is very small and can be
balanced by thether factor othange in uncertainty “learning.

3.3. Calculation of new modified targets for EU

We calculate modifiedargetsfor the EU -15 considering uncertaintyat changever time
due to structural change emissions

We use e Un&VT concept(described in Chapter 2.thathelps to esure thathe change
in emissionexceeddotal uncertainty considering different levelsrefk.

For experimentgptal uncertainties a£0,, N,O, CH, emissions irCO, -equivalent (he EU-
15) are usedTheyarecalculated in Gapter 3.Xor theyear2020.

In Figure 6 modified targets for different levels of risk are displayed, wherethelevel of
risk that theEU'’s true (but uncertain emissions in the commitment periegceedts ageed
emissiontargets.
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Figure 6.Calculated modified reductidargetsCO,, N,O, CH, emissions irCOz-equivalent
for theEU-15

The EU should undershoot its emissions everabyadditionalb% tolimit risk at a level of
0.1

Figure 7comparesnodified targetdor constant and changing uncertainty:

- Red curve: uncertainty is constant in time;
- Blue curve: uncertainty changes ovitme due to structural change GHG
emissions.
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Figure 7.Comparison of modified targets for tB&J-15 intwo cases(1) uncertainty changes
over time,(2) uncertainty is constant.
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Figure 7showsthatthe difference betweethetwo linear paths, when uncertainty is constant
and when ithangs due to structural change GHG emissions, is very smallhe dangein
uncertainty due to structural chaig GHG emissions considerirtge EU’s “20-20-20” are
very small, sa greateeffort should be putto increasingknowledge(learning)
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Conclusions

In this report, we provide examples of future changes in uncertainty that result from
emissions scenarios that are consistent with the EU20280" strategy.

During the period 199Q005, uncertainty ofCO, emissions of fossil fuels consumption
decreased by 4.6% peear(considering accuracyfAn estimate®5%of therelative change
in uncertaintywas caused by learning aatlout 5% by structural changeconsumption of
fossil fuels.

We estimatd total uncertaintyn relativetermsfor the EU-15 considering EU’s “2@20-20"
targets for theyear 2020.We calculatd that uncertainty wuld increase by 0.2% per year.
Estimatesof future uncertainty irthe Ehergy secto confirm thatthe percentage change in
uncetainty due to structural change GHG amissions is negligiblelt varies from 0.27% to
0.5% per yearThesenumbergeflectthe increasen total uncertaintyin relative termsOur
calculationsexclude emissions from LULUCF because they have greater uncertainty than
emissions from fuel burnindncreagd use of renewables in energy consumption can cause
anincreasan GHG emissions in other sectors that willre&se total uncertainty

Our resuis show that thetructural changen GHG emissions causenly asmall percentage
changein relative uncertainty, save suggest placingiore effort on learning (increasing
knowledge of inventory processes, improving methodologgstimating emissions artldeir
uncertaintiek
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