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INTRODUCAO

Nao ha uma unica ferramenta de projeccbes que sirva para todos os casos.
Necessita, portanto, de uma ferramenta simples.

A ferramenta deve ser capaz de:

» Fazer uma projeccao de BAU até 2025/2030/2050 se quiser fazer um NDC
que prometa uma reducao percentual das emissdes de GEE em
comparacao com o BAU.

» Calcular a reducao de GHG e o custo de cada opc¢ao de mitigacao, em
comparacao com a tecnologia utilizada na linha de base.

» Escalar a dimensao da opcao de mitigacao para cima e para baixo.

« Dar uma visao clara do esforco total de mitigacao: reducao total de GHG,
investimento total, e custo anual total.

O calculo deve ser transparente e facil de seguir.



GREENHOUSE GAS ABATEMENT COST
MODEL (GACMO)

Ferramenta de modelacao de mitigacao de GEE desenvolvida pela UNEP
DTU (gratuita e baseada em Excel)

Integra ~40 planilhas com calculos e graficos automaticos

Baseada em metodologias do MDL (Mecanismo de Desenvolvimento
Limpo)

Utiliza factores de emissao do IPCC (2006)

Existe em varias linguas, incluindo o portugués.

https://unepccc.org/gacmo-tool/ g



https://unepccc.org/gacmo-tool/
https://unepccc.org/gacmo-tool/
https://unepccc.org/gacmo-tool/

Requer dados de balan¢o energético (consumo de combustiveis e
electricidade por sector), emissoes do sector de AFOLU, Residuos e
IPPU.

Usa esses dados para calcular emissdes no ano base e projectar o
cenario BAU com factores de crescimento

Permite seleccionar ~100 opg¢oes de mitigagao em varios sectores
(energia, AFOLU, residuos, etc.)

Estima reducao de emissoes, investimentos e custos (CAPEX e
OPEX) das medidas



Ferramenta ascendente (bottom-up) baseada em medidas reais de
mitigacao, ndo em dados macroecondmicos

Permite construir cenarios BAU e mitigacao, testar opcoes e apoiar
metas da NDC

Aplicavel a nivel nacional ou subnacional, para analise ex-ante e
monitoria ex-post

Gera resultados-chave: reducao de emissoes, custos (CAPEX/OPEX)
e curva de abatimento marginal



O GACMO possui cerca de 40 planilhas contidas em um arquivo Excel.
Essas folhas podem ser divididas em 3 grandes grupos:

* Folhas de dados ou entradas: "Balanco do ano inicial", "Growth",
'‘Assumptions”, "Main 25/30/50".

« Sao as fichas nas quais o usuario insere os dados necessarios para
definir as entradas particulares do caso em estudo.
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3 ! to the 5 gas Ak Cost MOdel GACMO, version of 31, October 2021

; The model was developed by Joergen Fenhann, UNEP DTU Partnership, e-mail jafe@dtu.dk, mobile: +45 2295 5113,

8 GACMO is utilised to make an analysis of the GHG mitigation options for a country, sub-state or region to be used in the National Communication, the NDC or a Low Carbon

é Development Plan.

9 .

10 General description of how the model works:

1 The outcome of the use of the GACMO Model is a table providing an overview of the the cost and impact of different mitigation initiatives, outputted in the format of a table and
12 an Abatement Revenue Curve, The input required for the model to run is a GHG balance for the country in question .

13

:;‘ Who can benefit from using the model?

= If your country has not done a Busines As Usual (BAU) scenario to the desired future year you could use the first part of the GACMO model that calculates the BAU scenario.
17

18 If you country have not calculated the mitigation scenario you could use the second part of the GACMO model. You then skip the first part and insert the total BAU GHG

19 emissions at the bottom of the desired "Main” sheet.

20

21 If you have not done calculation for all your desired mitigation option you could use the model to complete your calculations,

22

& Use of the model:

g;‘ All cells in the worksheets where inputs are needed are yellow. Most of these cells contain defauit values, these can be modified where appropriate.

Ss Below a range of steps required for the use of the model will be explained. Text marked with blue indicates that the user has to either input data or perform other actions in
25 order for the model to run.

29

30 1) In the sheet "Start Year Balance" the GHG balance for your country should be inserted as the first step in the use of the GACMO Model.

3

e +  Insertdata into "Start Year Balance" - you should insert your data here. The input unit for this energy balance is TJ. If you have it in mass units (Mt and mem) you
33 can convert it to TJ by using the sheet befor called "kT to T1".

34 + Thebalance contains columns for all fossil fuels and rows for all normal energy balance sectors {you can also gat a version of GACMO that starts with fossil fuel in
35 Kt instead of GJ.

36 +  The balance also contain emissions of GHG from other sectors,

37 + Themodel will then (in 2 tables above the GHG balance) calculate the Energy balance (in ktoe) and the fossil fuel mass balance (in tonne and M3)

38 . to do this the model use the IPCC default emission factors in tCO2/toe, and calorific values in toe/(tonne or m3), located above the tables.

39

A0 2) Next step is toinsert th d energy ion in the sheet "Growth".

il

A Here you provide the annual growth in the pe; start year-2025, 2025-2030, 2030-2050. The % increase from start year values to 2025, 2030, 2035 and 2050 are then
3 Guidance | kTtoTJ (StartVear Balance J{ Growth } Countryinfo | Balance 2025 | Balance 2030 | Balance 2035 | Balance 2050 { assumptions ) coordinates | .. &



O GACMO possui cerca de 40 planilhas contidas em um arquivo Excel.
Essas folhas podem ser divididas em 3 grandes grupos:

« A primeira folha que o usuario deve preencher é a folha
"Suposicdes/Assumptions”.

« Esta ficha inclui todas as informacodes e dados relativos ao pais do
usuario.

« Essas informacdes e dados sao entao transferidos automaticamente
pela ferramenta para as outras planilhas onde sao usados para
calculos.

Assumptionst and Country settings

! Country: Mozambigue Valores padréo,

} |Startyear (latest inventory): 2016 -

I Currency: NN alterar se tiver

i Exchange rate used: 1US5= 70 MZN \ valores mais

3 |Discount rate = 7.0% ‘ precisos

7 7=

i |Energy prices used for the whole future period: ESFECIfICOS do

i Ciude ofl 50.0 [US$/bbl 1 Millon BTU = 1.055[GJ pais.

0 |Crude ol 0.31 |US$/litre TUS gallon =] 3.7854 |litres 7

1/LNG 33 |US$MBTU 1bbl= 159 [litres /

2 Natural gas 31 |US$/G) 5-"

3 Coal 80 |LIS$/tan /

4 /

5 Fuel prices i

6 2020 pnces LPG Gaso- | Bioethanol Jet Diesel Ewndiesel Heavy [£ Coal Cok: Pet
7 line Fuel ail Fuel Oil sene

8 Destillate price/cude ol price (lire/litre] 0.90 1.40 1.40 1.20 0.80 1.40

9 US$/Mter 028 0.44 0.83 0.44 038 1.20 025 0.44

0 US$/GJ 111 131 124 104 £4 123 20 20 2
1 t/m3 054 075 0.76 080 084 088 038 0.80

2 GJA 47.3 4438 26.8 448 433 268 40.2 448 25.0 28.0 31
4 'Electricity [ Tsolatedands | Gnd1 | Gnd2 |

« » .| Balance 2030 assumptions | graph | main20 | main25 | main30 | mains0 | MRV | Agriculture | Biomassenergy | CCS | Cement | Coalmine CH4 | EE households | EEindustry | EEow .. (&

Todas células marcadas em amarelo podem
ser editados pelo usuario.



Qual é a estrutura do GACMO?

O GACMO possui cerca de 40 planilhas contidas em um arquivo Excel.
Essas folhas podem ser divididas em 3 grandes grupos:

« Folhas de produtos ou resultados, incluindo "Growth", "Graph". Estas
sao as fichas em que se encontram os principais resultados
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28
29
30
3
32

Usa dados do ano base + factores de crescimento para projectar

energia e emissoes

Calcula automaticamente o balanco energético e de GEE

Gera projeccoes para 2020, 2025, 2030 e 2050

Resultados representam o cenario de linha de base (BAU)

A B C D E F G H | J K I M N (0]

Fossil fuel balance Country X 2020

1 ktoe=41.868 TJ

ktoe per TJ 0.0239 0.0239 0.0239 0.0239 0.0239 0.0239 0.0239 0.0239 0.0239 0.0239 0.0239

i S— Electricity
Total LPC Gasoline Jet Fue Diese! Fueloi ke yish 0a gnite Gas Coke Petrocoke | consumption
a the: Daucts

Unit : ktoe

Total consumption 161,629 6,040 2,904 1,880 27,881 601 83 39,388 25,294 32,993 55,482 4,417 4,055
Fossil power plants 68,251 0 0 0 330 292 0 621 14,383 28,806 24,441 0 0

FINAL CONSUMPTION 93,378 6,040 2,904 1,880 27,551 310 83[ 38,767 10,911 4,187 31,040 4,417 4,055 290,465
Industry - steel 341 0 0 0 24 0 0 24 15 15 287 0 0 2,051
Industry - chemical 3,794 14 0 0 6 4 0 23 353 190 3,229 0 0 20,281
Industry - non metallic mineral 10,239 5 0 0 33 23 0 61 2,960 822 2,349 0 4,048 24,815
Industry - food processing and beverage 2,025 30 0 0 8 48 0 86 204 460 1,224 44 7 9,501
Industry - construction 655 0 0 0 204 0 0 204 : | 2 449 0 0 3,835
Industry - mining 755 0 0 0 521 0 0 521 17 55 162 0 0 2,951
Industry - machinery 110 8 0 0 4 0 0 12 3 10 86 0 0 2,883
Industry - non ferrous metals 7,980 56 0 0 18 0 0 74 972 40 2,564 4,330 0 33,808
Industry - paper and pulp 449 2 0 0 14 0 0 15 38 118 277 0 0 5,377
Industry - transport equipment 271 35 0 0 10 0 0 44 0 5 222 0 0 3,554
Industry - textile and leather 2,473 18 0 0 8 0 0 26 318 635 1,493 0 0 23,246
Industry - miscellaneous 775 0 0 0 0 0 0 0 0 1 774 0 0 6,248
Transport - road 30,403 4,640 2,904 0 22,752 0 0 30,296 0 0 107 0 0 0
Transport - rail 187 0 0 0 187 0 0 187 0 0 0 0 0 1,075
Transport - domestic air 1,880 0 0 1,880 0 0 0 1,880 0 0 0 0 0 0
Transport - navigation 235 0 0 0 0 235 0 235 0 0 0 0 0 0
Liasinabalde 16 002 270 o ™ T Tr T T e 1261 12 712 n o caana
» Guidance | kTtoT) | Start Year Balance | Growth | Countryinfo | Balance 2020 | Balance 2025 | Balance 2030 | Balance 2050 || assumptions | graph | main20 | main25 | main30 | main50




O GACMO possui cerca de 40 planilhas contidas em um arquivo Excel.
Essas folhas podem ser divididas em 3 grandes grupos:

Folhas de fecnologia, que inclui a "Agricultura”, "Energia de biomassa",
"Florestas”, etc.

Sao as fichas nas quais se encontram os dados especificos de cada opcao
de mitigacdo, bem como da opcéao de referéncia correspondente.

1 Menu for Agri e opti (click links below)
2 |Rice crop CH4 reduction

3 |Tobacco curing (100 t tobacco/yr)

4 |Cover crops (1000 ha

5 |Covering slurry stores (1 store

6 |Nitrification inhibitors (1000 ha

7 |Eat supplementation in ruminants diets (%DM fat added)

8 |Zero tillage

9

10

1

12 Rice crop CH4 reduction (1000 ha)

13 Costsin Reduction Reference  Increase General inputs:

14 USS Option Option (Red.-Ref.) Discount rate 7%

15 Total investment 1,337,793 26216 GWP of CH4 30

16 Project life 20 20 Daily CH4 emission factor 1.3 |kgCH4/ha/day
17 Lev. investment 126,278 2475 123804 Cultivation period 200 |days/year

18 Annual O&M - - Rice area 1000{ha

19 Annual fuelcost -

20 Total annual cost 126,278 26,216 100,062 Reduction option: Rice crop with decreased irrigation
21 Opportunity cost 1.2 |USS/ton CO2e
22 Annual emissions (tons) Tons Tons Reduction 0&M

23 Fuel CO2-eq. emission 0 Scaling factor (double cropping) 1.73 |Single aeration
24 Emission of CH4 5,382 9048 eating-factor-tdoubtecroppimgy +-56-ivtaitipte-aeration

4 » .| Main30 | main50 | M griculture | Biomass energy | CCS | Cement | Coalmine CH4 | EE households | EEindustry | EE own generation | EE service | EE supplyside | Energy dislnbut\@




Resultados do cenario de mitigacao

» Planilhas principais (main20, main25, main50) listam todas as op¢oes
de mitigacao por sector Cada opcao tem parametros padrao
definidos nas fichas “Technology”

« Parametros baseiam-se em unidades especificas de implementacao

« Exemplo: LEDs definidos por 1000 unidades, conforme indicado na
coluna D

A B Cc D E F G H | J K
L 1 |Total GHG mitigation in Country X In 2020
; 2 Emission Investment Annual Units Emission reduction in 2020
I 3 reduction costs penetrating Per option Added
I 4 Type Reduction option US$itonCO, Sub-type unit t CO2efunit | Million US$ | MUSS/year in 2020 kijyear kitjyear Frac.oft
46 Energy efficiency in service (.94(10% red. of energy demand 07 16.0 15 05 0.00 4,963 ¢
.47 New office building with central cogling -500.21]1000 m2 36 6.6 -10.6 1.000 3487 4,998 C
: 48 EE supply side New high efficiency coal power plant 21.49(1 MW 7 0.0 0.0 0.00 4,998 ¢
L 49 New natural gas power plant -33,371.03|1 Mw 28 00 00 0.00 4,998 C
50 Switch from fuel oil to diesel 1,206.96|1 Mw 124 0.0 00 000 4,898 ¢
.51 Switch from fuel oil to natural gas -339.52|1 MW 1.454 00 00 0.00 4,998 ¢
.62 Cogeneration in industry -4,717.34|1 MW 542 0.0 0.0 0.00 4,998 C
‘B3 Single cycle to combined cycle 65.04|100 MW increase 75,738 0.0 0.0 0.00 4,998 C
; 54 | Energy distribution Efficient electric grids 145.24|1 Gwh loss reduction 486 47945 3526 5.000 242750 7.425 1
" 55 Connection of isolated grid to central grid -36.97|1 GWh consumption 486 0.0 00 0.00 7.425 1
66 Power factor increase 1.82|1000 commercefindustry buildings 94,690 0.0 0.0 0.00 7426 1
.67 District heating network rehabilitation (100,000 flats supplied; -163.13|100.000 flats supplied 33649 00 00 0.00 7.425 1
: 63 District cooling network (1 million m2 new city area covered| -148.45|1 million m2 new city area covered 13,726 0.0 0.0 0.00 7.425 1
; 59 |Forestry Reforestation | 15.45|Reforestation of 1000 ha 3.667 0.0 00 0.00 7.425 1
60 REDD: Avoided deforestation -10.38| No deforestation for 1000 ha 3,667 0.0 00 000 7425 1
. 61 Assisted forest regeneration -3.86| Reforestation of 1000 ha 3667 0.0 0.0 0.00 7.426 1
.62 Reforestation with agroforestry -0.66|Reforestation of 1000 ha 3.667 00 00 000 7.425 1
I 63 Reforestation with Silvopasture -0.66| Reforestation of 1000 ha 3.667 0.0 0.0 0.00 7.425 1
( 64  Fossil fuel switch Switch from coal to natural gas in industry 3113|100 TJ fuel usefyear 3.850 0.0 00 0.00 7.426 1
; 66 Switch from fuel oil to natural gas in industry -120.67|100 TJ fuel uselyear 2127 0.0 0.0 0.00 7.426 1
66  Fugitive Reduced flaring at oil field 9.67|1 MMSCF/day 22618 00 0.0 0.00 7426 1
¢ 67 Reduced flaring at oil refineries 217.26|1 MMSCF/day 20,797 00 00 000 7.425 1
(68 Leak reduction in natural gas pipelines -5.68(1 Mm3 CHdjyear leaking 15.078 00 00 000 7.425 1
i 69 Charcoal production 1.61[100.000 ton charcoaliyr 141.006 0.0 0.0 0.00 7.426 1
70 Geothermal Geothermal power -209.08|1 MW 3.066 0.0 0.0 0.00 7.426 1

4 » ...| Balance 2050 as;ulnb(ions glaphlma 20 | main25 | main30 | main50 | MRV Jiér\ngu\‘talnen ABioﬁwa‘ssenergy CCS | Cement | Coalmine CH4 | EE households EE industry EE&\;IngnergtiEr: - @




O GACMO possui cerca de 40 planilhas contidas em um arquivo Excel.

Essas folhas podem ser divididas em 3 grandes grupos:

« Planilha “MRV’ na qual pode ser monitorado o andamento da

implementacao de cada accao de mitigacao (ex-post).

A B C D E F G
1 In this sheet the country will follow the implementation of the GHG reduction options in the main sheets
2 Base
3 year
4 2020 2025 2030 2016
5 Type Reduction option Sub-type unit plan plan plan
B |Agric:ullure Rice crop CH4 reduction Rice crop CH4 red (1000 ha) 0 n 0
7 Zero tillage 1000 ha 0 0 0
8 Tobacco curing 100 ttobaccofr 0 0 0
9 Biomass energy Rice husk cogeneration plants 1 MW cogeneration 0 1] 0
0 Biormass power from biomass residues 1 W CHF plant 0 0 0
1 Bagasse power 100 kt sugar canegpvear 0 1] 0
2 CCS CCS plant 1 bW 0 1] 0
3 Cement Clinker replacement 1000 tonnes cement/day 0 1] 0
4 Coal bed{mine methane |Coal mine methane 10 Mm3 ChMpvear 0 n 0
5 EE households Efficient residential airconditioning 1000 Airconditioners 0 1] 0
B Efficient lighting with CFLs 1000 Bulps 0 n 0
7 Efficient lighting with LEDs 1000 Bulps 0 1] 0
8 Efficient lighting with LEDs replacing CFL 1000 Bulps 0 0 0
B Efficientwood stoves 1000 stoves 0 1] 0
h: » .| main30 maimSglicuItL‘Jr:n B'\olmass energy | CClS CementI Cloa\m]ne CH4 | EE hDUSE‘I’:OTd?h EIIE'mdustry EE own generation | EEservice | EE serpIyS[de Ewrgy distr'\bu?iom Forestry | ...



Curva de Abatimento

« Seleccionar o0 ano do cenario e clicar em “Create Abatement
Revenue Curve”

« Ajustar definicbes para garantir legibilidade e clareza do grafico

 Filtrar opgcdes pouco relevantes usando limiares (C22-C24)

» Possibilidade de incluir todas as opg¢oes e ajustar tamanho da fonte

A B [ D E F G H | J K L i} N a
Settings for creating Marginal Abatement Revenue curve

Tips for le of Marginal Abatement Revenue Curve

gs below regarding the inclusion of fewer or more of the reduction options to be displayed in the chart, will help you get a MAR curve that provides the needed
overview. If you experience that the labels are placed almost on top of eachother, try to increase the threshold for the smallest value on the x-axis. This will include fewer
options in the chart, thus displaying the most significant options in a way that allows the viewer to get the desired overview.

lity of the chart it is important that the font size of the labels make them legible, but no so big that it becomes difficult to distinguish the options from one
anDther The default (and minimum) font size is 10 pts. You find the font size settings underneath the selection area for which Main sheet you wish to create the curve for.

Adjust the plot area.

You may experience that the labels cut through the lines in the MAR curve. To fix this you can adjust the size of the plot area by clicking in the white space above a pillar on the
chart, without selecting either the pillar itself or the label. This will mark the plot area and you will now be able to adjust the chart by dragging the handles to get the best fit. Try
to decrease the height of the plot area to make the labels fit optimally for you MAR curve.

Ingert only values Please select the scenario you wish to create the graph for.
Threshold for smallest value on x-axis [ktC02e/yr] 10| valuss sbove 0 Threshold for smallest value on the x-axis sets the minimum value of the columns. If
Thieshold for smallest value on y-axis (US$/KIC02e] 00 valums el 0 S0 2020 (Main20) set to for instance 100 ktCO2e/yr, only options with reductions over 100 ktCO2e/yr
Threshold for largest value on y-axis (US$/kIC02e) 800 valies ahoven | SCENAN0 2025 (Main25) will be included in the MAR curve.
@ Secenario 2030 {Main30} The thresholds for and i values on the y-axis sets the limit to
Include all options in graph with no thresholds [m] Marginal Abatement Revenue Curve created from Main Sheet: how tall the columns in the MAR curve can be. If the threshold for minimum y-value

is set to for instance -200 US$/ktCO2e, all options with a price (negative revenue) of

more than 200 US$/ktCO2e will be excluded from the MAR curve.

Font size for labels in graph:
Create Abatement Revenue [default and minimum is 10 pts) 135 The use of threshold values wil increase the overview presented in the Abatement
Curve T Cost Curve. Underneath the graph a table with the omitted options and their values
o will be displayed.

=] (3]
Marginal Abatement Bevenue (MAR) Curve for Mozambique (2030 Scenario) 8
» Guidance | kTtoT) Start Year Balance | Growth | Country info | Balance 2020 | Balance 2025 | Balance 2030 | Balance 2050 | assumptions | graph | main20 | main25 | main30 | main50



CURVA DE ABATIMENTO DE RECEITA MARGINAL (1)

Custo estimado em um dado
ano para reducao de emissoes

Cada caixa representa de 1 tCO2eq. com esta
uma oportunidade de oportunidade

reducao de emissoes

Nova planta de gas
Co-geragao na industria

B

I

Potencial de reducao anual
de GEE em um dado ano

Reflorestamento

Oportunidade de reduc¢ao sao
organizadas em funcao do
aumento de custos por tCO2eq.

!

Redugdo de GEE equivalentes (ktCO2eq./ano)

Opcdo de reducdo de custos (USS/ktCO2eq.)
REDD+: evitar o desmatamento




OBRIGADO
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