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PURPOSE

This user manual provides a brief introduction into [IASA’s Mitigation Efforts Calculator
(MEC). The MEC is an interactive web application that can be used to compare mitigation
efforts for Annex | countries in the year 2020, both in terms of emission reductions and per-
capita . It is based on the Greenhouse gas - Air pollution Interactions and Synergies (GAINS)
model®. GAINS is currently2 implemented for 36 Annex | Parties, representing 98% of 1990
emissions in all Annex | Parties.

In the guide you will also find a short description on the data fact sheets on greenhouse gas
mitigation potentials for each of the Annex | countries. These data sheets are
complimentary to the MEC.

! available at: http://gains.iiasa.ac.at/gains/Annex1.html
% as of April 2010
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1 Introduction

Mitigation efforts and investments over the next two to three decades are critical for the
future development of greenhouse gas emission levels. Opportunities exist to achieve low
stabilization levels of greenhouse gases. However, it will be a formidable challenge to
negotiating Parties to arrive at a generally accepted scheme for sharing efforts among
Annex 1 countries that achieves the necessary emission reductions.

This user’s guide presents the Mitigation Efforts Calculator online tool based on a
comparison of greenhouse gas mitigation potentials and costs for Annex 1 countries. In
brief, the methodology (i) adopts exogenous projections of future economic activities as a
starting point, (ii) develops a corresponding baseline projection of greenhouse gas emissions
for 2020 with information derived from the national GHG inventories that have been
reported by Parties to the UNFCCC for 2005, (iii) estimates, with a bottom-up approach, for
each economic sector in each country the potential emission reductions that could be
achieved through application of the available mitigation measures, and (iv) quantifies the
associated costs required for these measures under the specific national conditions.

The approach includes all six gases that are included in the Kyoto protocol (i.e., CO,, CHg,
N,O, HFCs, PFCs, SFg) and covers all anthropogenic sources that are included in the emission
inventories of Annex | countries to the UNFCCC (i.e., Energy, Industrial Processes,
Agriculture, Waste, and from LULUCF). In addition, the analysis quantifies the co-benefits of
GHG mitigation strategies for air pollution.

The Mitigation Efforts Calculator (MEC) currently provides three different baseline
scenarios, each based on a World Energy Outlook (WEQ). The most recent of these baseline
scenarios includes the effects of the economic crisis and sees GHG emissions in 2020 that
are more than 6% below 1990 levels (without LULUCF). With the above assumptions, a
technical mitigation potential of approximately 38.7 percent (7.1 Gt CO,eq) in relation to
1990 is estimated. The economic potential, e.g., for a carbon price of €100 /t COeq (as
calculated with a four percent interest rate) is estimated at a 33 percent reduction
compared to 1990. It is worth noting that, because of measures with negative costs, total
costs to the economy turn positive only beyond a 22 percent GHG reduction compared to
1990.

Note that the GAINS model only considers currently available technologies, takes into
account the turnover rate of capital stock and does not assume premature scrapping of
existing equipment. GAINS itself assesses the domestic mitigation potentials, but excludes
behavioral changes; the implications of international carbon trading regimes can be
analyzed with the MEC. All data that enter the model were derived from publicly available
sources, and all input assumptions, including technological specifications, are freely
available online.

In the following you will find a brief overview on how to get access to and use the Annex |
online calculator data and the fact sheets.



2 Accessing the online calculator

The GAINS GHG mitigation effort calculator (MEC) allows an interactive comparison of
mitigation potentials and costs via the Internet (http://gains.iiasa.ac.at/MEC).

The information on the data sheets is compiled together on the web into an online tool. The
calculator can be accessed from: http://gains.iiasa.ac.at/MEC/

Registration is necessary to obtain free access to the
calculator (see Figure 1). We require registration in order to
be able to assist you should you encounter any problem. Click
the icon register and follow the process as will be indicated.

User name Iusername
Password I..oo..oo..
Login |

Registration

Figure 1 Login field

3 How to use the mitigation calculator

Once you have logged in, you see the following screen:

GAINS » ——TT

Version 2.0 Scenario | IE42009 7] Year|2020 7] Co-benefit | Refresh | Graph | Export | Logout |

No Annex I trading-no COM  [¥ With Annex I trading-no CDM [ No Annex I trading-with cDM [ With Annex I trading-with cOM [

Emission range in S T Carbon
LULUCF Base year 2020 Emission target Mitigation costs price
A max. . .
Iexcl. 'I I 1990 'l Baseline it Total Change to  Per capita total costs %o of GDP Per capita
Mt COZeq Mt CO2eq Mt COZeq Mt COZ2eq 1990 'l tCO2eqfcap bin €/yr % €fcap/yr €ftCO2eq

Target for |—° I— B
each Party e | | I
Australia N Iexcl. | 416 573 342 | | 573 | +37.7% | 243 | o000 | | 0o0% | 0.0 | | -1000
Canada N Iexcl. | 592 766 490 | | 766 | +292% | 20 || om0 | | o000% | 0.0 | | -1000
Eu 271) N |exc|. -l 5564 4671 3036 | 4671 | 161 % | 34 | o000 | 000% | 0.0 | -1000
Japan N |excl. vl 1272 1199 ad6 | 1199 | 57 % | s6 | o000 | ooow | 00 | -1000
New Zealand |5 Iexcl | 62 82 s7 | | sz | 4324 % [ 175 | o000 [ ooow [ oo [ -1o000
Norway N Iexcl. | 50 63 as | &3 | +z6z % [ 127 [ ooo [ ooosw [ oo [ 1000
Russian =
Faderation | |exc|. -l 3326 2481 1639 | 2481 | 254 % | 18 | o000 | 000% | 0.0 | -1000
switzerland |5 Iexcl. | 53 as 37 | | a5 [ s % | g4 | o000 [ ooow | oo | -1o00
Ukraing N Iexcl. | 922 422 286 | | 42z | 542 % | 98 | o000 | | ooow | 00 | | -1000
United _
States of 5 Iexcl vl 6135 6969 4400 | 6969 | +136 % | 203 | o000 | ooow | 04 | -100.0
Arnerica
Total for
it T 18393 17274 11281 17274 6.1 % 14.2 0.00 0.00 % 0.0

MOTE: ALL CALCULATIONS REFER TO DOMESTIC MEASURES ONLY, WITHOUT USE OF FLEXIBLE INSTRUMENTS

Data for Turkey, Monaco, Liechtenstein, Iceland, Croatia, Belarus and individual Member States of the EU-27 are under development.

1) does not include costs for meeting EU targets on renewshle enegy.

Figures printed in red rmean that the target iz unachievable with the rmitigation measures considered in GAINS,

Figures printed in green indicate that the target is higher than bassline srmissions, e, do not requirs sny additional mitigstion measures that are not incuded in the
baseline projection.

Introductory video Contact Us
Figure 2 Start page of the mitigation efforts calculator
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To get the most benefit out of the calculator you should essentially follow four steps:

1. Select the scenario and the future year,
as well as the trading regime for the
analysis;

2. Select target values

3. View numerical results

4. Assess co-benefits, export results and
view results graphically

e

Figure 3 Following four steps

We now illustrate these individual elements of the calculator in detail.

3.1 The MEC calculator in detail

1. As a first step, you should configure the scenario. At the very top of the page you will
find two scroll-down boxes: in the first you choose the baseline scenario, in the second
the target year. You can also select the international carbon trading regime (for details
see Section 4 below).

Yersion 2.0 Scenario I IEA 2009 ;I Year I 2020 ;I

Figure 4. First parameters of the calculation

Party

2. The calculator currently displays data for 10 Annex | Parties,
including EU27 as an aggregate3 as you see in the very first parget for each
:;g:lumn. Next to the name of each party you will find the icon: el :
|4 that refers to a PDF document that belongs to the party. If Euar %
you click it, a data sheet on GHG mitigation potentials will open — 2
in a new window. These data sheets contain graphic Horway 5
information on the macro-economic drivers, GHG intensities, Zwtffu T
mitigation potentials and costs in 2020 and finally the list of . :
mitigation measures that applies to the party for increasing S
marginal costs, as discussed in Section 3.3 below. Figure 5

Annex | Parties

% Analysis for individual EU27 countries has not been finalized yet

5



Base year

Mt CO2Zeq

3. At the top of the next column, as shown in Figure 6, e
you select the base year to be either 1990 or 2005.
The numbers shown in this column are the emission =
values of the UNFCCC inventories, as of submission &
year 2008.

6135
18396

Figure 6 Base Year Emissions

Emission range in

Baseline max. mitig.

4. The two columns show the range of possible
Mt CO2eq Mt CO2eq

emissions for 2020 going from projected emissions if
business as usual continues to the lowest emission
level possible in the model (Figure 7). In the first
column you see the baseline emissions for the year
2020. The second column shows the lowest emission
level that could be reached in the GAINS model
starting with the selected baseline scenario and
applying all mitigation measures to the maximum
extent possible (when the maximum mitigation
potential is reached).

In the next step (Figure 8) you have various options to
specify emission targets for 2020: either as absolute
targets in million tons of CO, equivalent, or as a
percentage reduction relative to 1990 or 2005
emissions, or as an emissions per capita target figure.
Percentage reductions have to be entered with a (-)
sign, increases over the base year with a (+) sign.
After you have specified a number, press ENTER and
observe the fields in the calculator change.
Percentage targets and per capita targets can be
entered for each Party individually or for all Parties
simultaneously.

You can insert targets for individual countries or
global targets depending on the international carbon
market selected. For example, insert a -10% emission
target in the top row (i.e. for each Party) and press
enter. You will notice the effect this will have for the
data in the other fields.

611
796
5653
1315
85
58
2831
60
442
7153

19004

385
536
3757
970
60
49
1743
43
237
4953

12yl

Figure 7 Emission range

Emission target

Total

Change to Per capita

Mt CO2eq |1990 »| tCO2eq/cap

I %

611 +46.9 %

26.1

+34.4 %

21.8

5653 +15 %

11.4

1315 +3.4 %

10.6

+37.5 %

18.4

+17.5 %

12.3

2831 -14.9 %

20.1

60 +12.8 %

8.2

442 -52.0 %

10.7

[ [
| l
| |
| l
[ s |
[ s8 |
| |
| [
| |
| |

7153 +16.6 %

12004 +3.3 %

Figure 8 Setting emission targets
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7. As a result of the target setting emission figures will
change, but also the total costs, costs expressed as a
percentage of gross domestic product (GDP), costs

H . o . . Mitigati st Carbon
per capita, and the marginal mitigation cost, i.e. the e price
cost of reducing emissions by an extra ton of CO, || *eereoP Percapita

. bin €fyr % €fcapfyr €ftCO2eq
equivalent.

| % | |

[ 2115 [ 276 % | 8967 | [z0000.0

In the first column you will find total cost for reaching } s : ELH : i : e

4.71 -0.04 % -9.5 -4.8

the mitigation target for each Party. This is also 27| [eor% [ 221 [ %7

expressed as a share of the Party’s projected GDP in } 22 : Lk : s '[D”mz

2020, and as a cost per person (total cost divided by | [ %&| [@me [ o5 [ os

. . . | -0.02 | 00t | 22 | -144
the projected population in 2020). Ml T o o

| 4348 | o3z% | 1264 | S7.2
The last column shows the marginal abatement cost lla 22 22

Figure 9 Reading off and comparing

at the mitigation target specified. The initial value is e
mltlgat|on costs

set to -100 Euros/tCO,eq, and it changes as different
targets are set.

Results shown in red indicate that target you selected cannot be achieved with
mitigation measures from current technology, it exceeds the technical potential. Results
shown in green indicate that the target will already be achieved in the baseline
scenario.

Norway s 50 62 a8 || a8 || 26 % | 102 [ 170 [ oss % [ 3573 [zoo00.0
Russian Federation [ 4] 3326 2672 1603 | 672 | 197w [ 03 [ om0 [ ooow [ oo [ -1o00
Switzerland [y 53 43 a7 | 48 | w0 | 5.8 IELE [0o1% [ 22 [ 144
Ukraine X 922 460 318 | | 460 | 501 % | 107 | 000 | ooo% | oo | -1000 I
g:;t::catates s = 6135 7244 asg7 | sszz | 100w | 161 | asas | 03z% | 1264 | | 72

Figure 10 Results in green indicate that this target is already achieved in the baseline

Eu 2710 = 5568 5407 3493 | som1 || w00 | 10.1 | am | -0.04 % | -es | -as
Japan X 1272 1332 1058 | 1145 [ -100 % | Q.2 | 2,75 [ 007 % [ 221 | 867
Ir.= w Zealand X 62 83 sa | sa || a6 % | 126 | zs0 | 249 % | ss84 [z0000.0 l
Norway X 50 62 48 || a8 || -26% | 102 | 170 | oes%| | 3s7.9  |zoo00.0
Russian Federation  [X] 3326 2672 1603 [ ze7z ([ 157w [ 203 [ ooo [ cooew| [ oo [ -tooo

Figure 11 Results in red indicate that this target cannot be achieved only with the
mitigation options in the GAINS model, starting from the baseline selected

Alternatively to setting an emission target you can also specify a target on the cost side
and watch its implication on the emission side. For example, you can enter a target
marginal abatement cost for a Party, or a target total cost figure for a Party, or a target
value for all Annex | Parties, expressed as a percentage of GDP. This allows a full
comparison of efforts in terms of costs, per capita emissions, and percentage reduction.
Note, however, that the costs for GHG mitigation measures already included in the
baseline are not taken into account in the MEC.



8. In a fourth step you can turn to the Co-benefits of the GHG mitigation target on the
emissions of local air pollutants; you can Refresh the interface, i.e. reset to the initial
value; you can view the results Graphically; you can Export the current settings to Excel;
and you can Logout.

Version2.0  Scenario[IEA2003 ~ | vear[2020 ~ I Cobeneft | Retresh | Groph | Expon | Logout |I

No Annex 1 trading-no COM [ With Annex 1 trading-no €OM No Annex I trading-with COM [ With Annex 1 trading-with COM [

Figure 12 The additional features of the MEC

Co-benefits here is the reduction of the emissions of three major air pollutants (sulfur
dioxide (SO,), nitrogen oxides (NO,) and fine particulate matter (PM,s)) as a result of the
emissions of GHGs. The co-benefits are expressed in absolute emission numbers (kt),
and as a percentage reduction relative to the baseline selected.

Yersion 2.0 Export || Close |

Co-benefits of GHG mitigation on Air pollutants emission

Party Carbon Price GHG emissions S02 NOx PM2.5

Change Change

Change Change comp. comp. to comp. to

comp. to to Baseline Baseline Baseline

€/tco2 Mt CO2 eq 1990 kt 502 2020 kt NOx 2020 kt PM2.5 2020

Australia 20000.0 378 -9.25% 873 -36.90% 556 -39.20% 91 -37.35%
Canada 89.3 533 -10.00% 1319 -2244% 838 -17.14% 104 -13.18%
EU 27 -4.8 5011 -10.00% 3238 -4,28% 5692 -5.23% 1247 -2.15%
Japan 86.7 1145 -10.00% 686 -17.18% 1197 -8 45% 137 -7.85%
New Zealand 20000.0 59 -4.61% 28 -48.34% 74 -19.53% i -18.09%
Norway 20000.0 48 -2.57% 23 -26.51% 133 -7.94% 54 -1.02%
Russian Federation -100.0 2672 -19.68% 6676 -0.21% 4290 -0.02% 1844 0.00%
Switzerland -14.4 48 -10.00% 13 -1.74% 39 -2.82% 7 -0.28%
Ukraine -100.0 460 -50.07% 1416 0.00% 766 0.00% 341 0.01%
United States of America 57.2 §522 -10.00% 3834 -20.19% 6773 -11.39% 622 -13.22%

Figure 13 Example output for co-benefits

Use the Refresh button to return to the initial values and use the Export button when
you are ready to export your query results in Excel (Figure 14).

Version 2.1 Scenario [IEA 2008 ~| Year[2020 | LULUCF[excl +| Cobenefit | Petresh | Graph |[[Exporl| Logout

No Annex I trading-no CDM ¥ with Annex I trading-no CDM [ No Annex I trading-with cDM [ With Annex I trading-with DM [

S v leel et Carbon
Base year Emission range in 2020 Emission target Mitigation costs price
1990 ¥ [.£17:(/[1T:] Opening gainsTable_2009-09-08.xls Xl|costs % of GDP  Per capita
Mt COZeq MtCOze '0uhave chosentoopen €fyr % €/cap/yr €/t COZeq
Target for each gainsTable_2009-09-08.xls [ ™ ! l
Party which is a: Microsoft Excel Warksheet
e yu) 416 59 from: http:j/saine.ilass. ac.at:6081 21.15 | 276 % | 8967 [z0000.0
Canada X 592 B0¢  what shoud Firefox do with this filey ————————— | 3.48 [ozsw [ 950 [ 893
ey 279 %) sse8 540 | <71 [0oaw [ s [ s
— I i =

S - e 133 | Open with | Microsoft Office Excel (defauk) =l T oo [ mi [ o7
Mew Zealand X 62 [ 1 (" Saveto Disk 2.80 [ zas = | sssa [zo000.0
Morway X s0 6 | [ Dothis automatically for files like this from now on. 1.70 [oss e [ 3579 [zo000.0
Russian Federation  [X] 3326 267; | 0.00 [ oooew [ oo [ 1000
Switzerland X 53 a | -0.02 [ oote [ 22 [ 144
Ukraine X 9z2 461 - [ o000 [ooow [ oo [ -1o00
United States of 1 o3 7240 &3 Concel | [328 | [ oszw [ 1284 | 572
America
Total for Annex I 18396 16710 12108 15875 137 % 130 70.64 0.20 % 56.0

Figure 14 Export your results into Excel



Finally, you can also display results graphically for your further analysis by clicking the Graph

button (Figure 15).

GAINS »

¥ersion 2.1 ScenarlullEAZUUB;] Vear|202l] j LULI.II:FIex:l. 'I

No Annex I trading-no CDM With Annex I trading-no CDM [

S e e

G AINS MITIGATION EFFORTS

No Annex I trading-with CDM [

Greenhouse gas - Air pollution Interactions and Synergies
International Institute for Applied Systems Analysis

CcHJaneﬁt] Fefresh I Eb?;;ﬁ{ Export | Lugnutl

With Annex I trading-with CDM [

-I-IQ-IEarhon

INTERNATIONAL INSTITUTE FOR APPLIED SYSTEMS ANALYSIS
Greenhouse Gas - Air Pollution Interactions and Synergies

price

CALCULATOR VERSION 2.0, May 2009 || A5 A
= [C02et
Target fo Scenario: IEA_2008 VYear: 2020 LULUCF [excl.] As
Eartys No Annex I trading-no CDM
Australia 00000
Canada Emission target Mitigation costs 89.3
Barsy Total Per capita Total cost: Pe: a Carbon pri
Eu 271 McCO2eq  Changeto 1990 wCOzeq/cap bin &yr Focil oo €/ COZeq 4.8
Japan -50% 25% 0% 0 5 10 15 20 o L] 0% 25% o 500 [ 10,000 20,00C 86.7
New Zeala Australia 378 C 1 | — [ ] 1 ] [ooo0.0
Norway Canada 533 | I I— i 0 u] | Foooo.o
- EUZ7 5,011 [ — u] | | |
Russian Fe Japan 1,145 — — 1] 1 ] | 100.0
Switzerlan New Zealand 59 C — 0 1 L1 — -14 4
Norway 48 [ -] — —

Ukraine Russian Feder ation 2,672 -100.0
United Sta Switzerland 4 [ | 57.2
America Ukraine 460 1 ’
Total for usa 5,522 = ] ] ] O

Datafor U ASA  |NTERNATIONAL INSTITUTE FOR ARPLIED SYSTEMS ANALYSIS

This versio

hittp:Afgains.iiasa.ac.atMEC

1) does nm[ Done

Fiaures ori

Figure 15 Graphical representation of results

Similarly to the previous column, you can enter a unified per cent of GDP for all parties in
the blank box at the top of the column or you can enter individual values for the parties.



3.2 GAINS data fact sheets

GAINS data fact sheets on greenhouse gas mitigation
potentials are complimentary to the mitigation .
calculator and are prepared for each Annex | Party. 5 _
The fact sheets can be accessed from the mitigation LS = =
calculator. Next to each Annex | party there is a |5/ gy =mmmmmes s fmmese = e
(.pdf) symbol. By clicking the symbol, the fact sheet

of a particular country will open. You can also choose

to include or exclude the LULUCF sector from your -
calculations. By selecting a LULUCF option, the —malm

corresponding fact sheets change, as well (Figure Figure 16 Location of Fact Sheets
16) on the MEC page

In the following, we will look into the information provided in the sheets through the
example of Australia. Select LULUCF sector excluded and click the %' icon. The sheet that
will appear on your screen consists of a series of graphs, which we will discuss in groups.
The first three graphs (Figure 17) display macro-economic drivers and baseline emissions
scenarios.

The left hand graph shows assumed increase in population, GDP, primary energy and
livestock unit until 220 relative to 1990. In the middle you can see the sectoral contribution
to GHG emissions, and from the third graph you can read off the relative role of the
individual greenhouse gases.

MACRO-ECONOMIC ASSUMPTIONS GHG EMISSIONS BY SECTOR TOTAL GHG EMISSIONS BY GAS
600 600
200 % 500 500
o o o
& 150% g 400 g 400
) 4
o 100% . S s g
2 § 200 5§ =200
g 0% £ 100 £ 100
% 4] 0
1990 2000 2010 2020 1990 2000 2010 2020 1990 2000 2010 2020
Population -8 GDP —& Primary energy —# Livestock units M Fower sector  [JDomestic [ industry Ocoz Ochs Onzo CFgas
DTlar\spon Dl\gricukure Do‘m

Figure 17 Macro-economic drivers and baseline GHG emissions for Australia

TOTAL GHG EMISSIONS/CAPITA GHG INTENSITY OF INDUSTRIAL GDP COZ/CAPITA FROM ROAD TRANSPORT COZ/CAPITA FROM HOUSEHOLDS
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Figure 18 GHG intensities for Australia

The second set of graphs in the GAINS data fact sheets shows GHG intensities. Take a look at
the first graph, where blue bars represent the range of GHG emissions per capita in all

10



Annex | countries and the dark-blue squares represent the per capita emissions for the
country of your choice, in our case Australia. Notice that per capita emissions in Australia
are among the highest within Annex I.

You will see on the second graph that Australia’s intensity of industrial GDP is at the lower
end of Annex | countries. The third graph tells you that Australia’s CO, emissions per capita
from road transport are significantly higher than the average. Finally, per capita emissions in
Australia from direct fuel use in households are in the bottom range of all Annex |, due to
the low number of heating days in the country.

The last section of the data fact sheets deal with mitigation potentials and costs. The first
graph displays marginal abatement cost curve for Australia (Figure 19). At the very top of
the graph you see emissions relative to 2005 and on the bottom emissions relative to 1990.
On the left side of the horizontal axis are emissions of the baseline scenario and on the right
side is the maximum mitigation case.

MARGINAL COST CURVE
GHG emissions in 2020 relative to 2005

The red line in the graph indicates

+8% 3% 1% -19% -30% how the marginal costs (carbon price

- ' expressed in  EUR/tCO,eq.) s

increasing with different mitigation

g 100 JJ_J—F'_F levels. At the left bottom corner of

g the graph costs are negative
5 50 — .

2 2l e 70 0 a7 representing measures that pay for

o = 102 - = themselves over their lifetime. Such

E - negative cost measures include the

insulation of newly built apartments.
These are examples where GHG

+35% +23% +13% +3% -11% mitigation can result in cost savings
GHG emissions in 2020 relative to 1990
as well.

-

Figure 19 Marginal abatement cost curve for Australia

Note that the starting and end points, as well as the shape of the curves is different for each
individual party because they reflect national circumstances, such as different population
densities, different climatic conditions, behavioral and consumption patterns, as well as
industrial structures.

11



Finally the last graph on the sheet

TOTAL COSTS OF GHE MITIGATION (Figure 20) shows the total mitigation

GHG emissions i 2020 relaive 102005 COST @S @ function of the GHG emissions

+18345% 3% 1% 19% 30% relative to 1990 (lower axis) and 2005

. %:j (upper axis).

_E PR The curve starts on the left at zero and
ég S s first falls below zero due to the
g2 3 negative cost options mentioned
B 2134 above. The curve then rises as the
%% ?}ﬂ;ﬁ 2 A, = marginal cost turns positive. Note that
52 ¢ total costs here are scaled to the
5 el , projected GDP in 2020 on the vertical

+38% +23% +13% +3% -11%

GHG emissions in 2020 relative to 1990 axes |n Order to make thIS |nd|cator

Figure 20 Total GHG mitigation cost for Australia comparable across Annex | parties.

The costs for mitigation measures in
the baseline are not taken into account.

3.3 List of mitigation measures

The Fact Sheet discussed above is followed by pages that list-effeictive mitigation
measures for Annex | Parties for increasing marginal costs. The list was obtained by
comparing GAINS model results at consecutive marginal cost values. Thus, this table (Figure
21) provides a list of incremental steps of measures.

The GAINS model identifies cost-effective mitigation measures using an optimization
method. It takes into account the fact that the combination of mitigation measures may not
be as effective as the sum of the measures taken individually. For example, from a systems
perspective reducing electricity consumption is a less effective mitigation measure per se if
it is accompanied with a decarbonisation of the supply fuel mix.

As you can see from Figure 21 below, the first two columns display the country name and
the marginal cost expressed in EUR/tCO,eq. The column More of describes the measures
that would be taken in addition to those taken at the previous marginal cost. Likewise the
activities under the heading Less of are being reduced relative to the previous marginal cost.
Thus, this list can be used to identify the marginal measures. Naturally, GAINS can also
produce, for a given marginal cost, the total set of measures relative to the baseline.

12



Cumulative Reductions
Marginal Cost Remaining Emissions  rel. to baseline Change rel. to
Party Euro/CO2eq More of Less of (Mtco2eq) (Mtcozeq) 1990

Australia

DOM - standard efficiency - commercial heating and cooling - DOM - Efficiency measures stage 1 - commercial heating and
Australia 20 existing buildings in Victoria cooling - existing buildings in Victoria 572.5 10 38%

DOM - Efficiency measures stage 1 - commercial heating and DOM -standard efficiency - commercial heating and cooling -

cooling - new buildings in New South Wales new buildings in New South Wales
CH4: Gas distribution networks -doubling of leak control DOM - Efficiency measures stage 2 - commercial heating and
frequency cooling - new buildings in Victoria

CH4: Gas distribution networks -replacement grey cast iron
TRA - Highest efficiency heavy duty diesel trucks networks
TRA - Highest efficiency heavy duty gasoline trucks TRA - Heavy duty diesel trucks with standard efficiency

TRA - Heavy duty gasoline trucks with standard efficiency

TRA - Gasaling cars with advanced internal combustion
Australia 18 engines TRA - Gasoline cars with standard efficiency 5713 21 7%
TRA - Light duty diesel trucks with advanced internal
combustion engine TRA - Light duty diesel trucks with standard efficiency

Figure 21. Snapshot from the list of incremental mitigation measure steps of Australia

The last three columns of the list also show at each marginal cost:

1. The remaining GHG emissions (in Mt CO,eq)

2. The amount of GHG emissions reduced relative to the baseline (in MtCO,eq)

3. The resulting percentage change relative to the 1990 emissions reported to the UNFCCC.
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4 MEC Examples in different carbon trading regimes

The MEC allows the user to assess mitigation targets in the context of four different carbon
trading regimes: on the one hand the user can choose whether or not trading amongst
Annex | parties is allowed. If trading is allowed there is a common market with a single
carbon price at which carbon can be traded. On the other hand the user can choose
whether trading between Annex | and Non-Annex | parties is allowed. This type of trading
is representing a CDM-like mechanism, and here the relevant aspect is that offsets can be
purchased by Annex | parties. Since the MEC currently does not include Non-Annex | parties
there is no explicit representation of the supply of offsets or CDM certificates: the MEC thus
requires the carbon trading price as input by the user.

In the following four examples are discussed that illustrate the functionality of the MEC with
the help of some specific examples.

4.1 No Annex | trading and no CDM

ersion 2. cenariullEAEUDQ 'I . . . .
e Select the first trading option in the top left corner of the MEC.

This is actually the default setting when you login.

No Annex I trading-no DM W

LULUCF Base year

You can now enter targets either as targets for individual Parties, or for all Parties

simultaneously. For example, for Australia set the total emission target to 500 MtCO,eq, and
press ENTER.

Emission range in oo . Carbon
LULUCF | Base year 2020 Emission target Mitigation costs price
A max. . .
|excl. hd I 1990~ l Baseline it Total Change to Per capita total costs %o of GDP Per capita
Mt CO2eq MtCO2eq Mt CO2eq MtCOZ2eq |1990 > l tCO2eqfcap bln€/yr % €fcapfyr £/t CO2eq

Target for I— l—
each Party % I % | I
Bustralia ) excl. vl 416 573 4z | so0 | +201 % | 212 | 041 | ooew% | 172 | 363
Canada 5 [exa =] 592 766 400 | [ sod [ -1se | [ 13e || sw2 | | o4t w| [ 1370 | | 1285

—_—

Figure 22 Example result: setting a absolute targets

The calculator translates this target not only in a percentage change relative to 1990 and a
resulting per capita emission, but also calculates the total costs and a marginal cost.
Repeating this exercise for, say, Canada at an absolute emission level of also 500 MtCO,eq
results in different values for the indicators. In particular, note that the marginal cost is
different in the two countries because there is no trading of AAUs between the Parties that
could lead to an equilibrium carbon price.

Similarly you can set targets on the costs, or on the carbon price, either by individual Annex |
Party or for the whole group of Parties.
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4.2 Annex | trading is allowed, but no CDM

Select the second trading option in the specifications at the top of the screen. A slightly
different screen will appear.

GAINS » otk 1 ok D B

Version2.0  Scenario|[EA2009 ~ | Year|2020 < | Co-heneft | Pefresh | Graph | Export | Logout |
No Annex I trading-no CDM [ With Annex I trading-no CDM ¥ No Annex I trading-with cDM [ With Annex I trading-with DM [
Amref A Carbon

LULUCF Emissions Mitigation costs price

Base year Target 2020 Allocation
ngd. -+ I 1900 * Total Change to Domestic for for for total costs % of GDP Per
emissions permits domestic permits capita
measures
€ft

Mt
Mt COZeq Mt CO2eq | 1990 = Mt CO2Zeq CO2eq | bin€fyr bln€/yr bln€fyr % €fcapfyr CO2eq

Total for Annex I o
T t fi h

fustralia excl. v 416 573 43T % 573 ] 0.00 o.00 0.00 0.00 % 00 -100.0
Canada excl. * 592 K1) +29.2 % 766 o 0.00 o.0o0 0.00 0.00 % 0.0 -100.0
£y z7Y excl. = 5564 4671 161 % 4671 ] 0.00 o.00 0.00 0.00 % 00 -100.0
Japan excl * 1272 1199 8.7 % 1199 o 0.00 o.0o0 0.00 0.00 % 0.0 -100.0
New Zealand excl. = 6z sz +3za % 5z ] 000 .00 .00 0.00 % 00 -100.0
Narway excl. = 50 63 422 % &3 ] 0.00 o.00 0.00 0.00 % 00 -100.0
Russian Federation el - 3326 2481 -25.4 % 2481 o 0.00 o.0o0 0.00 0.00 % 0.0 -100.0
Switzerland excl. = 53 43 50 % 48 ] 0.00 o.00 0.00 0.00 % 00 -100.0
Ukraine excl - 9zz 42z -54.2 % 42z o 0.00 o.0o0 0.00 0.00 % 0.0 -100.0
gmf:;tates o extl - 6135 5969 136 % 5069 ] 0.00 0.00 0.00 0.00 % 00 -100.0
Total for Annex 1 18393 17274 61 %] 17274 ] 0.00 ] 0.00 0.00 % 0.0

Figure 23 Initial configuration when the second trading regime is selected

Initially it seems that there are fewer options for specifying targets: you have to provide a
target that either applies to the Annex | region as a whole or to each individual Annex |
party. Note that the target that you set has to be more ambitious than the baseline, i.e. in
the above example a reduction of more than 6.1% relative to 1990.

As a first example, set a target of -25% in the Total for Annex I cell. The result will be this:

nd Syne

GAINS *

Version 2.0 Scemario [[EAZI0Y v | ¥ear|2020 < | Co-benefit | Fefresh | Graph | Export | Logout |
No Annex I trading-no CDM [ With Annex I trading-no CDM [+ No Annex [ trading-with cOM [ With Annex I trading-with cDM [
A Ao Carbon

LULUCF Emissions Mitigation costs price

Base year Target 2020 Allocation
Iexcl. ~+ | [1900 = Total Change to Domestic for for for total costs % of GDP Per
emissions permits domestic permits capita
measures

Mt €/t

Mt CO2eq Mt COZeq | 1990 :l' Mt COZeq COZeq  bin€/yr bin€/yr bin €/yr %y €fcapfyr CO2eq

Total for Annex 1 -25] %
'lgar:tget for each l—% l— l—

arty Y

australia axrl v Fi 498 4197 % 498 n .46 000 .48 006 % 197 393
Canada excl v 59z 559 EXE 559 0 .52 0.00 .52 004 % 14.2 39.3
U 271 oxcl v 5564 3772 322 % 3772 a 5.38 .00 5.33 0.04 % 11.8 30.3
Japan oxrl 1272 1072 156 % 1072 n -0.07 000 007 000 % EiY 333
New Zealand excl v 52 70 4138 % 70 a 0.04 .00 0.04 004 % ae 383
Norway exrl 50 55 4112 % 55 n 001 000 001 -00a % 15 393
Russian Federation | xcl. = 3326 1914 474 % 1914 0 1.49 0.00 1.49 006 % 113 39.3
Switzerland oxcl v 53 42 -19.9 % 42 a -0.03 .00 003 -00L % 43 383
Ukraine excl v FER 345 625 % 345 0 111 0.00 111 031 % 257 39.3
glr_'r“?r?cftates o excl v 6135 5466 109 % 5466 i 6.99 0.00 6.99 0.05 % 203 39.3
Total for Annex 1 18393 13795 250 % 13795 0 16.38 a 16.38 0.05 % 135

Figure 24 Setting an overall target

15



The overall target of -25% is achieved (last row), but each Party takes a different share in
this reduction, because in this configuration the most cost-effective distribution of emission
reductions is chosen. As you can see in the Allocation column, there is actually no trading
occurring (i.e. no allocation for permits), in each country all mitigation measures up to a
marginal cost of 39 Euros are implemented (cf. last column) and the implementation of
these measures results in the emissions and costs as displayed.

In an alternative configuration, apply the -25% target to each Party and obtain this:

GAINS » o s o e S i
Version 2.0 Scenario [[EAZ003 = | Year|2020 < | Co-benefit | Refresh | Graph | Expont | Lagout |
No Annex I trading-no cDM [ With Annex I trading-no CDM v No Annex I trading-with CDM [ With Annex I trading-with CDOM [
LULUCF Emissions Mitigation costs Carbon
price
Base year Target 2020 Allocation

excl, - |1ggg - Total Change to Domestic for for for total % of GDP Per

emissions permits domestic permits costs capita
measures

Mt €t

Mt CO2eq Mt COZeq | 1990 :[' Mt CO2eq COZeq bIn€fyr bln €fyr bln€/yr % €/cap/yr COZeq
Total for Annex I [ 1 =
;::E:t for each l_'2‘5‘°"° l—% I_
Australia excl. v 416 s1z [ 250 % 498 186 046 7.32 7.79 1.08 % 3304 39.3
Canada excl. v 592 444 [ 250 % 559 115 052 4.53 5.05 D4z % 1377 39.3
U 27V excl. ¥ 5564 4173 [ 250 % 3772 401 588 | -15.78 990 007 % -19.9 39.3
Japan excl. v 1272 954 [ 250 % 1072 117 -0.07 4.62 4.55 0.13 % 36.6 39.3
Mew Zealand excl. v 62 46 [ -25.0 % 70 24 0.04 0.95 099 094 % 2115 39.3
Norway excl. v 50 a7 [ 250 % 55 18 -0.01 0.71 070 036 % 1416 39.3
Russian Federation | |excl = 3326 2405 [ 250 % 1914 580 149 | 2282 2133 | 0.6 % -162.1 39.3
Switzerland excl. ¥ 53 40 [ 250 % 42 3 -0.03 011 007 | 0,03 % 95 39.3
Ukraine excl. ¥ az2 692 [ 250 % 345 346 111 | -13.61  -12.50 | -346 % -230.1 39.3
g';r“f;'c?at“ g excl. * 6135 s601 [ 250 % 5466 864 g.00 33.98 40.97 0.30% 1194 39.3
Total for &nnex I 18393 13794 250 % 13794 0 16.39 0 1639 005 % 135

Figure 25 Setting a Target for each Party

You will observe the following changes: first, now each Party achieves the -25% target
individually, but not by domestic measures alone. This means that, though the domestic
emissions in the allocation column is the same as above, the amounts of AAUs bought (+)
and sold (-) are different. The marginal cost is still 39 Euros/tCO,eq., which in this case also
corresponds to the carbon trading price. Second, the mitigation costs now have a domestic
component and a trading component. The domestic costs are the same as in the previous
case, but now parties pay for (+) or have revenues from selling AAUs (-), so that the total
costs for each Party are different from the previous case (Figure 24). Third, once you have
set a target for each Party, the MEC also now allows you to set percentage targets for
individual Parties.

For example, in Figure 26 below we have increased the target for the USA to -30% while
leaving the targets for all other Parties the same. It can be observed that not only does this
imply an increase of the overall Annex | target to -26.7%, but also it has increased the
carbon price to 47.6 Euro/tCO,eq., and therefore also the costs for each Party have
changed: now domestic mitigation measures up to 47.6 Euro/tCO,eq. are implemented, and
the trading costs changes as a result of the higher carbon price.
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GAINS o tamatonl sl o Appled Systns ras

Version 2.0  Scenario | [EAZ009 v | Year|2020 - | Co-benefit | Refresh | Graph | Export | Logout |
No Annex I trading-no cDM [ with Annex I trading-no CDM [V No Annex I trading-with DM [ with Annex 1 trading-with cbM [~
LULUCF Emissions Mitigation costs Caribm
price
Base year Target 2020 Allocation
excl. > | [1900 Total Change to Domestic for for for total %o of GDP Per
emissions permits domestic permits costs capita
measures

Mt €/t
Mt COZeq Mt COZeq | 1990 =1 e COZeq COZeq bln€/fyr bin€fyr bin€/yr 0% €fcapfyr COZ2eq
o

Total for Annex 1

;aal;ltJ:t for each l—% l—% l—

fustralia excl, v 416 stz [ 250 % 470 156 170 7.52 922 126 %  390.8 476
Canada excl, v 50z asa [ 250 % 547 103 1.04 4.89 5.93 049 % 1619 476
fu 27 excl, v 5564 a17a [ 250 % 3718 -455 816 2168 1352 | -040 %  -27.2 476
Japan excl, v 1272 ssa [ 250 % 1070 116 -0.03 5.54 552 015 % 444 476
New Zealand excl, v 62 46 [ 250 % 70 23 0.07 112 118 | 112% 2538 476
Norway excl. v s0 a7 [ 250 % 55 18 -0.00 0.55 0.85 044 % 1717 476
Russian Federation | |excl 3326 2495 [ 250 % 1853 -642 4.04  -30.57 2653 -1.07 %  -2016 476
Switzerland excl, v 53 a0 [ 250 % 42 3 -0.03 0.1z 010 0.04 % 12.8 476
Ukraine excl, v 522 69z [ 250 % 327 -365 194 1739 1545 | 430 % -356.6 476
g[’ri‘fr?cgtates of ool v 6135 azas [ analw 5335 1041 12,68 49,59 6227 046 % 181.1 47.6
Total for Annex I 18393 | 13488 26,7 % | 13488 i 29.57 i 2957 0.08 % 24.3

Figure 26 Increasing the target for the USA to -30%.

Finally the overall cost has also increased from 16.4 bln Euros per year to 29.6 biln Euros per
year.

Similar analyses can be carried out by setting an overall cost target for Annex |, either
expressed as a percentage of GDP or as costs per capita. Once an overall target has been
selected, the MEC allows you to also set targets for individual Parties.

A scenario with a desired carbon price can be generated by iteratively setting overall targets
for Annex | Parties until the carbon price is reached.

4.3 Annex | trading is not allowed, but CDM is

In this trading regime Annex | parties cannot trade amongst themselves, but each Party has
access to CDM certificates from a global pool. Since this is a not a very realistic trading
regime, we prefer to discuss the new features that the possibility of trading with Non-Annex
| Parties introduces only in the next subsection.

4.4 Both Annex | trading and CDM are allowed

Select the With Annex | trading-with CDM option on the upper right of the MEC interface. In
this trading regime Annex | parties can both trade amongst themselves and also buy CDM
type certificates from an otherwise unspecified Non-Annex | region. The interface looks very
much like the one discussed in Section 4.2. The difference is that, once you enter an Annex |
emission target (either for Total for Annex | or Target for each Party), the MEC gives you the
option to provide an assumption for a carbon price for the trading between Annex | and
non-Annex | parties:
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15393 13795 -25.0 % 13795 o 16.38 0.000 16.38 0.05 @

Please select your best guess about equilibrium price in global CDM marketINo COMNFIRRM |

echtenstein, Iceland, Croatia, Belarus and individual Mermber States of the EU-27 are under development,

Figure 27 The interface to provide a carbon price in the CDM market

Since this Annex | MEC does not include cost curve information for the Non-Annex | parties,
the users have to make their own assumptions about the net volumes of CERs that can be
traded at which price. The default value is “No”, i.e. there is no trading between Annex | and
non-Annex | Parties assumed. Specifying a positive numerical value results in a
redistribution of emission reductions and costs. For example, starting from a -25% reduction
for each Party (like in Figure 25 above), and entering a carbon price of 30 Euros/tCO,eq.
(+ENTER) results in the following:

Mo Annex I trading-no CDM [ with Annex I trading-no CDM [ No Annex I trading-with cOM [ With Annex I trading-with CDM [
LULUCF Emissions Mitigation costs Carbon
price

Base year Target 2020 Allocation

el ~ [ [1000 « Total Change to Domestic Credits for Credits total %o of GDP Per
emissions (bought +1 domestic (bought +) costs capita
(soid -} measures (soi@ )

Mt CO2eq Mt COZeq| 1990 = | Mt COZeq Cglzteq bin€/yr bin€/yr bin €/yr L € /cap/yr Cgéteq
Total for Annex 1 [ =
';-;::g:tfnr each l—% ,—% l—
Australia m 416 a1z [250 % 503 191 0.31 5.72 6.03 0.83 % 255.6 30.0
Canada IE 592 4a4  [-z50 m 577 133 -0.16 3.98 3.82 0.31 % 104.4 30.0
g1 270 excl. » S564 4173 [-25.0 % 3805 -263 1.20 -8.05 -6.84 -0.05 % 135 30.0
Japan m 1272 as4 [-250 % 1081 127 -0l 3.82 340 0,09 % 274 30.0
Mew Zealand m 62 a6 [-z50 % 71 24 0.03 0.73 0,77 0,72 % 163.3 30.0
Norway excl. v 50 37 [z5o % 56 19 -0.03 0.56 0.53 0.27 % 107.1 30.0
Russian Federation m 3326 2495  [-25.0 % 1858 -536 -0.08 -16.09 1617 065 % 1229 30.0
Switzerland m 53 a0 [-z50 % 4z 3 -0.04 0.08 0.05 0,02 % 6.4 30.0
Ukraine excl. » g9z2 so2  [-250 % 369 -322 0.36 -9.66 -9.30 259 % -215.9 30.0
gw\:r?cgtat” i excl. x 6135 4601 [-25.0 % 5502 s01 5.66 27.03 3269 0.24 % 95.0 30.0
Total for Annex I 18393 13794 -25.0 % 14065 270 6.6 8.110 14.97 0.04 % 123

Please select your best guess about equilibrium price in global CDM market 3u| COMFIRM

Data for Turkey, Monaco, Liechtenstain, Iesland, Crostia, Belsrus and individual Member States of the EU-27 are under devslopment.

Figure 28 Full trading regime in the presence of a carbon price of 30 Euro/tCO.eq.

Note that the -25% target is reached and now the equilibrium carbon price (last column) is
indeed 30 Euros/tCO,eq. Compared to Figure 25, however, the allocation of domestic
emissions and credits has changed: here we observed that 270 MtCO,eq. are actually
purchased in the form of credits from Non-Annex | Parties, amounting to a revenue of 8.1
bln Euros. Since the carbon price of 30 Euros/tCO,eq. is lower than the Annex | equilibrium
price of 39 Euros/tCO,eq. (Figure 25), the overall mitigation cost is now also lower (12.3
instead of 13.5 bIn Euros). The negative figures in the allocation column for credits (in the
center of Figure 28) indicate that some Annex | Parties are still selling credits to other Annex
| parties.

In this analysis we have assumed that the Non-Annex | region can indeed supply 270
MtCO,eq. at a carbon price of 30 Euros/tCOeq. In an alternative scenario, we may assume
that the supply at this carbon price is actually higher. In this case we have to assume a lower
trading price (e.g. 20 Euros/tCO,eq.) and observe a higher trading volume. Similarly, we may
explore a scenario in which the supply curve lies higher, i.e. the equilibrium price is higher
than 30 Euros/tCO,eq and the trading volume lower. However, when the assumed carbon
price exceeds the Annex | equilibrium price (here 39.3 Euros/tCO,eq., cf. Figure 25), no
trading between Annex | and Non-Annex | Parties occurs.
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5 Appendix

Additional information to the interactive online calculator can be found at the APD web site
on the Comparison of GHG Mitigation Efforts for Annex 1 Parties:
http://gains.iiasa.ac.at/gains/Annex1.html.

This web site provides access to the following resources:

Initial results of the analysis:
o Report oninitial results
o The interactive Mitigation Efforts Calculator
o Data sets for Annex 1 Parties, by default excluding LULUCF sector:
Australia - Canada - EU27 - Japan - New Zealand - Norway - Russia -
Switzerland - Ukraine - USA
Documentation of the approach:

o Methodology
o Energy-related and industrial GHG emissions

o Transport
o Non-CO; emissions
o GHG emissions from LULUCF
Interactive access to all input data:
o For Annex | countries in Europe and for other Annex | countries
Presentations at the IIASA side event at COP14: (these are mostly outdated)
o Introduction

o Methodology

o Initial results for energy and industrial emissions
o

(0]

Estimates for the LULUCF sector
Access to information

For more information, contact Markus Amann at IIASA (amann@iiasa.ac.at)
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