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I n the State of Sao Paulo, considering the regu-
latory context, the State Climate Change Po-
licy (PEMC) created by Law 13,798 of Novem-
ber9,2009 (SAO PAULO, 2009) establishes the
State’s commitment to reducing its greenhouse
gas (GHG) emissions by 2020, based on 2005
levels (CETESB, 2013).

Sao Paulo’s industrial sector stands out in
the national scene in terms of relevance and the
way environmental issues are addressed. The 1st
Inventory of Anthropogenic Emissions of Direct
and Indirect Greenhouse Gases of the State of
Sao Paulo: Period 1990 to 2008 was completed
in 2011. The inventory included emissions for
industrial sectors and processes and use of pro-
ducts, energy, agriculture and livestock, land use,
change in land and forest use, and solid waste
and liquid effluents for the period 1990-2008.
GHG emissions from the State of Sao Paulo were
approximately 0.14 GtCO,e and industrial pro-
cesses accounted for 14.7% in 2005 (CETESB,
2013). The industry is also a major energy con-
sumer, accounting for 57.2% of the state’s emis-
sions in 2005, out of which 29.4% corresponded
to energy consumption by the industrial sector
(CETESB, 2013). Thus, this study evaluated al-
ternatives through which the industrial sector
can contribute to the achievement of the state’s
climate mitigation targets.

The “Low Carbon Study for Sao Paulo’s
Industrial Sector — 2014 to 2030” analyzes low
carbon alternatives for the lime, steel, chemical
and cement sectors. Unlike the inventories that
separate emissions from industrial and energy
processes, this study includes emissions from
energy consumption by industry, since energy
is essential for activities in this sector to occur,
i.e., it is part of the production system. In fact,
the choices recommended by the study may re-
sultin a significant mitigation potential as well
as in economic advantages.

Future GHG emissions are the product
of dynamic and complex systems determined

Low Carbon Study for Sao Paulo’s
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by driving forces such as population growth,
socioeconomic development and technologi-
cal change, whose evolution is uncertain. The
emission reduction alternatives contained in
the study were analyzed from baseline and low
carbon scenarios considering GHG emissions
from processes and energy consumption and
the evaluation of the costs associated with the
mitigation alternatives.

The results show low cost alternatives that
may entail substantial reductions without com-
promising the competitiveness of Sao Paulo’s
industrial sector. The scenarios contribute to
identifying potential threats, assess organizatio-
nal competencies, and exercise global thinking
for developing strategic alliances and actions,
enabling alternative analyzes. Therefore, it is
not just about prospecting, but about building
apossible future by helping the development of
the desired changes for the future (WRIGHT,
2008 apud MENDONCA, 2011).

Based on the scenarios, the study con-
ducted an economic assessment of measures
and technologies aimed to reduce GHG emis-
sions, presenting the Marginal Abatement
Costs (MAC) and the Break Even Carbon Pri-
ce (BECP) of each opportunity. The scenarios
in the present study were projected for the pe-
riod 2014 2030 based on the year 2013, and
constructed based on the analysis of historical
data, information contained in publications of
the analyzed sectors and information attribu-
ted by the authors. Actual historical data was
assessed to update the industrial production up
t0 2018 (SNIC 2019; SAO PAULO 2019; IABr
2019; IABr 2018; IABr 2016; IABr 2015) and
expert projections were maintained thereafter.
Emission reductions over the period analyzed
for each technological option were consolida-
ted in a Wedge Graph representing the mitiga-
tion potentials of each alternative.

Considering that this is a region that se-
eks to reduce emissions, it is observed that not
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M Executive summary

always all sectors present productive systems
with the same level of competitiveness or re-
duction potential. Therefore, it is essential to
estimate the associated costs and the potential
of the technologies for reduction targets to be
achieved in a more economically attractive way.
Nevertheless, considering all low carbon measu-
res for the sectors, the result indicates a negative
weighted average cost of US$21.96/tCO, tied
to a mitigation potential of 68.4 million tons of
CO, by the year of 2030.

STUDY DEVELOPMENT STAGES

The construction of the scenarios follo-
wed the framework presented in Figure 1, whi-
chincludes an initial data survey, the establish-
ment of assumptions and the development of
projections. Subsequently, the scenario (BS) and
low carbon scenario (LCS) as well as MAC and

Figure 1 - Study development stages

Macro and
microeconomic
assumptions

BECP results were presented, together with the
Wedge Graph showing the mitigation potentials.
GHG emissions were estimated using the
method presented in the Guide to the Good
Practice Guidance and Uncertainty Manage-
ment in Natural Greenhouse Gas Inventories of
the Intergovernmental Panel on Climate Chan-
ge (IPCC,2000b) . These estimates considered
activity data such as production or energy con-
sumed and the respective emission factor (EF).
The approach used to determine the MAC
and BECP1 was incremental and based on the
Low Carbon Study for Brazil (GOUVELLO et
al., 2010). The MAC and BEPC curves were
constructed using the MACTool, which accor-
ding to the Energy Sector Management Assis-
tance Program (ESMAP, 2016) was developed
by the World Bank for this purpose. The tool
also enables assessing the total investment nee-
ded to make changes for moving towards a low

= Wedge Graph

Y

Baseline Scenario

Definition of
technologies
considering costs
and emissions

MAC Curve

\

Y

Low Carbon
Scenario

Data Survey and
projections

Source: Pacca et al. (2017)

BECP Curve

Y

1. Thebreak-even price of carbon indicates the economic incentive that economic agents such as industry would need
to make the proposed mitigation measure attractive vis-a-vis the benchmark. This price is determined in the same
way as the marginal abatement cost, but using the benchmark internal rate of return (IRR). Usually, the benchmark
carbon price is presented graphically in the same way as the MAC curve (GOUVELLO et al, 2010).
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carbon growth and can be used to test different
possibilities by exploring sectors and price res-
ponses. As inputs, the MACTool uses key va-
lues to characterize mitigation measures and for
macroeconomic variables, and users must spe-
cify at least one scenario for the macroecono-
mic future including variables of interest such
as the price and future demand for fossil fuels
and provide scenarios for the future adoption of
low carbon technologies or measures for a ba-
seline, and at least one emission reduction pa-
thway (FAY et al., 2015).

Figures showing mitigation wedges (Wed-
ge Graphs) have been produced to assess the
GHG emission reduction potential of each te-
chnology in quantitative terms. These wedges
summarize results from the comparison betwe-
en the BS and the LCS considering the imple-
mentation of the respective technologies. This
information enabled visualizing the potential of
each technology to GHG mitigation.

RESULTS

This section presents results for the period 2014
to 2030 on the evolution of industrial produc-
tion in the state, evolution of energy consump-
tion and evolution of emissions in the BS and
LCS, as well as investment costs, emissions avoi-
ded by each measure in both scenarios, the mar-
ginal abatement cost (MAC curve), and the
BECP of each technology.

EVOLUTION OF INDUSTRIAL
PRODUCTION IN SAO PAULO STATE

Compared with previous studies, which
generally link the future to a single macroecono-
mic scenario, in this study the scenarios of evo-
lution of physical production in each industrial
sector are different and were characterized ac-
cording to the perspectives of specialists from

Low Carbon Study for Sao Paulo’s
Industrial Sector - 2030

each sector. Thus, there are situations in which
future production will decrease, as is the case
of the lime industry.

In the lime industry, a future reduction in
the production of slaked lime for construction
hasbeen considered as a result of the migration
from mortar produced in the construction site
to factory produced mortar. This reduction in
amount, according to the study, will also occur
due to the replacement of lime with other chemi-
calsknown as air incorporators (FREITAS; VO-
GELAAR, René; VOGELAAR, Renato, 2017a).

In the steel industry, the operation of the
single blast furnace that produced pig iron in
the state was halted and it is expected that it
will resume its operationin 2022, and grows at a
constant proportion of 1.5 in relation to Brazil’s
Gross Domestic Product (GDP). As an example,
in the year when the country’s GDP increased
by 1.5%, steel production grew by 2.25%. Incre-
asesin the installed capacity of the semi integra-
ted route, which makes steel from scrap using
electric arc furnaces (EAF) have also been con-
sidered. In 2015, the SIMEC plant in Pindamo-
nhangaba began operations, with 350,000 tons
peryear. An increase in capacity of 850,000 tons
per year is expected by 2030, as a result of the
expansion of two plants in the semi integrated
route (FREITAS; VOGELLAR, René; VOGE-
LAAR, Renato, 2017b).

In the chemical industry, a growth rate of
0.37% p.a. was considered, but there will be no
increase in installed capacity in the state. The-
refore, production will grow until it stabilizes at
circa 3.5 million tons in 2027. Thus, the average
annual growth in the period 2014 2030 will be
1% p.a. This is also the only sector in which pro-
duction in the BS differs from that in the LCS,
which will experience an increase of 247,000
tons of bioethene starting from 2025 (FANTI
etal., 2017).
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Finally, the output of the cement sector
was subject to a severe reduction between 2014
and 2018 but subsequently an annual growth
rate of 4% was considered starting in 2020. No
increase in installed capacity via the integrated
route is expected. Production through this rou-
te will stabilize at 5.2 million tons in 2030 (PU-
NHAGUI et al., 2017).

Chart 1 shows the evolution of and com-
parison between the production scenarios for
each industrial sector considered in the study.
The production scenarios were instrumental in
determining the energy consumption scenarios
and the scenarios resulting from GHG emis-
sions in the BS and subsequently in the LCS.

Evolution of energy consumption
by the industrial sectors
included in the project

Projected energy consumption to 2030 for
each sector of the study is presented in Table 1.
Energy consumption has a great weight
in determining the GHG emission scenario,

Table 1 - Projected energy consumption
for Sao Paulo’s industrial sectors

Lime Steel Chemical Cement Total
Year
(TJ)
2014 4,405 87,780 79,796 17,633 189,614
2015 4,408 75,240 82,221 15,800 177,669
2016 4,374 29,469 85,188 13,235 132,266
2017 4,340 29,678 84,812 7,932 126,762
2018 4,307 35,990 79,044 7,913 127,254
2019 4,238 37,339 79,324 8,299 129,200
2020 4,241 38,740 81,579 8,812 133,372
2021 4,209 40,192 82,648 9,345 136,395
2022 4177 41,700 82,742 9,900 138,520
2023 4,146 43,263 82,808 10,477 140,695
2024 4,149 44,886 82,877 11,077 142,989
2025 4,119 46,569 82,947 11,702 145,337
2026 4,088 48,315 83,021 12,351 147,775
2027 4,024 50,127 83,023 13,026 150,200
2028 3,962 52,007 83,023 13,728 152,719
2029 3,900 53,957 83,023 14,458 155,338
2030 3,841 101,751 83,023 15,218 203,832
Source: Freitas, René Vogelaar and Renato Vogelaar (2017a, 2017b),

Fantietal.(2017)and Punhaguietal.(2017) apud Paccaetal.(2017)

Chart 1 - Projected production of the industrial sectors addressed in the study for Sao

Paulo
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Source: Freitas, René Vogelaar and Renato Vogelaar (2017a, 2017b), Fanti et al. (2017) and Punhagui et al. (2017) apud Pacca et al. (2017)
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mainly due to the composition of the energy
matrix of each industrial sector.

In the lime industry, 100% of the thermal
energy consumed is supplied by firewood from
planted forests (FREITAS; VOGELAAR, René;
VOGELAAR, Renato, 2017a). As a result, for
the BS it was considered that energy efficiency
in this industry could be used to move firewood
to other sectors that still use fossil fuels such as
petroleum coke.

In the steel industry a distinction is obser-
ved between the integrated and semi integrated
routes. In the integrated route, electricity repre-
sents only 10% of the total energy consumed,
whereas in the semi integrated route it accounts
for 24% of the total (FREITAS; VOGELAAR,
René, VOGELAAR, Renato, 2017b). This sho-
ws that the semi integrated route is more attrac-
tive in terms of opportunities that involve elec-
trical efficiency.

In the chemical industry, despite the di-
versity of energy types consumed, it is observed
that 49% of the total energy corresponds to elec-
tricity and 39% to natural gas. There is a strong
relation between these two types of energy, sin-
ce thermal energy from natural gas can be used
in the cogeneration of electricity, as seen in the
sectoral study by Fanti et al. (2017).

In the cement industry, only 8% of the
energy consumed refers to electricity. Because
of that and of the low EF of electricity in rela-
tion to the EF of petroleum coke, which is the
fossil fuel used in cement kilns, electricity emis-
sions become negligible, which makes strate-
gies based on electrical efficiency little attrac-
tive to the sector.

Chart 2 shows that the chemical indus-
try accounts for 55% of the total energy consu-
med in the period, followed by the steel indus-
try with 34%. Chart 3 shows that the share of
thermal energy is 68% of the total against 32%
of electricity.

Low Carbon Study for Sao Paulo’s
Industrial Sector - 2030

Chart 2 - Total energy consumption by
industrial sector — 2014-2030

Chemical
55%

Lime 3%

Source: Pacca et al. (2017)

Chart 3 - Share of electricity and thermal
energy in total consumption -
2014-2030

Electricity

32%

Source: Pacca et al. (2017)
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Evolution of emissions from
Sao Paulo’s industrial sectors
in the baseline scenario

Table 2 shows the emissions from the Lime, Ste-
el, Chemical and Cement industries in the BS
in the period 2014-2030.

Table 2 shows the emissions from the Lime,
Steel, Chemical and Cement industries in the
BS in the period 2014 2030.

Considering the total emissions in the pe-
riod, the largest share of emissions refers to the
chemical industry with 55%, followed by the
steel industry with 32%, the cement industry
with 11% and finally the lime industry with 2%.

Table 2 — Emissions from the BS in
industrial sectors — 2014-2030

Lime Steel Chemical Cement Total
Year
(GgCO,e)

2014 588 8,051 10,65 3,466 22,755
2015 589 6,572 10,784 3,077 21,021
2016 584 1,755 11,101 2,54 15,98
2017 579 1,764 11,256 1,489 15,088
2018 575 2,109 11,058 1,488 15,229
2019 566 2,311 10,569 1,567 15,013
2020 566 2,745 11,029 1,673 16,013
2021 562 2,847 11,355 1,783 16,546
2022 557 8,326 11,497 1,898 22,278
2023 553 8,637 11,647 2,017 22,854
2024 554 8,96 11,798 2,14 23,451
2025 549 9,294 12,054 2,269 24,166
2026 545 9,642 12,186 2,403 24,776
2027 536 10,002 12,414 2,542 25,495
2028 528 10,366 12,552 2,687 26,133
2029 520 10,701 12,671 2,838 26,729
2030 512 10,725 12,808 2,994 27,038

Freitas, René Vogelaar and Renato Vogelaar (2017a, 2017b),
Fantietal.(2017)and Punhaguietal.(2017) apud Paccaetal.(2017)

Source:
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Comparing the 2014 BS with the year 2030,
there is a 13% reduction in emissions from the
lime industry, a 33% increase in the steel indus-
try, a 20% increase in the chemical industry, a
14% reduction in emissions from the cement
industry and a 19% increase considering total
emissions. In absolute terms, emissions by 2030
would total of 360 million tons of CO,.

As for the origin of emissions, shows the
share in total emissions for the period 2014 2030.
Process emissions account for 44.7%, while the
remaining 55.3% account for both electricity
and thermal energy.

Chart 4 - Share of CO,e emissions by
origin in the period 2014-2030

Process
45%

Electricity
32%

Source: Pacca et al. (2017)



Low-carbon measures surveyed in the
study and the penetration scenario

Table 3 shows the list of low carbon tech-
nologies and measures surveyed and evaluated.
The table also shows the first year of implemen-
tation of each technology and measure, some of
which are one time actions, such as Carbon Cap-
ture and Storage (CCS) and the bioethene plant
in 2025, while others are gradually implemen-
ted over the period, such as the replacement of
Azbe kilns with Maerz kilns in the lime indus-
try and of traditional lighting with LED bulbs
in the chemical industry.

Low Carbon Study for Sao Paulo’s
Industrial Sector - 2030

In the short term (2014-2019), ten of the
seventeen measures would already be underim-
plementation at some level of penetration. In the
medium term (2020-2024), three more measu-
res would be implemented, two of them in the
process side of the chemical industry and one
in the semi integrated route of the steel indus-
try. In the long term (2025-2030), four more
measures would be implemented, including the
CCS system and the TGRBF MDEA.

Table 3 - Measures in the LCS using the MACTool

Sector Measure Scenario of implementation
Natural gas cogeneration Short term
Replacement of traditional lighting with LED bulbs Short term
Implementation of more efficient electric motors Short term
Replacement of fuel oil with firewood Short term
Chemical
Replacement of natural gas with firewood Short term
Recovery of purge gas in ammonia Mediun term
Catalytic conversion of nitrous oxide (N,O) in nitric acid production Mediun term
Production of bioethene (ethene from ethanol) Natural gas cogeneration Long term
Carbon Capture and Storage (CCS) Long term
Lime Replacement of Azbe kiln with Maerz kiln using firewood in natura Short term
Replacement of Azbe kiln with Maerz kiln using torrefied firewood Long term
Top Gas Recycling Blast Furnace — Metildietanolamine (TGRBF-MDEA) Long term
Steel Continuous feed and scrap preheating furnace (CONSTEEL System) Short term
Direct-current (DC) furnaces Mediun term
Replacement of fossil fuels with Refuse-Derived Fuel (RDF) Short term
Cement Replacement of fossil fuels with wood pellets Short term
Increase in filler content in cement Short term

Source: Pacca et al. (2017)
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Emissions avoided in the
low carbon scenario

The mitigation of GHG emissions is shown
in Table 4. It can be concluded that the imple-
mentation of the seventeen measures analyzed
will enable reducing 68.4 million tons of CO,
or 19% of total emissions in the BS from 2014
to 2030.

From the industry standpoint, the most
outstanding emission mitigation potential is

that of avoided emissions from the chemical in-
dustry, which represent 46% of the total miti-
gation potential assessed by the present study,
with 95% of this potential stemming from me-
asures related to energy consumption. The ste-
el and cement industries come next, with 29%
and 19 % of the total avoided respectively. Las-
tly, we have the lime industry with 5%. About
this result, the size of the industry and the con-
sequent amount of emissions in relation to the
other sectors of Sao Paulo’s industry analyzed
in the study should be considered.

Table 4 - Emissions avoided in the low carbon scenario by industrial sector

Avoided emissions

Total Emissions Total Emissions

Lime Industry Steel Industry Chemical Industry  Cement Industry ECS BS
(GgCo,)
2014 0 = = 46,096 22,708,588 22,754,684
2015 0 - 110,26 51,316 20,859,051 21,020,627
2016 0 - 386,554 124,731 14,673,378 15,184,663
2017 0 11,594 655,844 194,779 14,226,084 15,088,301
2018 0 11,927 940,835 298,597 13,977,966 15,229,324
2019 31,749 12,27 1,238,686 409,47 13,320,538 15,012,713
2020 31,775 41,016 1,517,380 503,922 13,919,213 16,013,305
2021 63,07 42,502 1,705,284 605,765 14,129,551 16,546,172
2022 62,596 58,695 1,893,087 712,53 19,551,266 22,278,174
2023 93,191 60,823 2,200,493 824,51 19,674,949 22,853,965
2024 93,271 63,027 2,376,588 942,011 19,976,229 23,451,127
2025 560,31 3,026,903 2,652,057 1,065,354 16,861,660 24,166,284
2026 556,095 3,140,310 2,851,282 1,194,873 17,033,235 24,775,796
2027 580,797 3,269,032 3,017,425 1,330,922 17,296,646 25,494,821
2028 571,664 3,391,281 3,208,198 1,473,867 17,487,885 26,132,895
2029 562,73 3,505,462 3,260,027 1,624,096 17,776,670 26,728,985
2030 553,989 3,505,925 3,297,473 1,783,296 17,897,354 27,038,037

Source: Pacca et al. (2017)
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From the standpoint of the measures, the
largest share in total avoided emissions is that of
the TGRBF MDEA technology in the blast fur-
nace of the steel industry, with 28%. Particular-
ly, the blast furnace is present in the production
process through the integrated route of the steel
mill and, in the State of Sao Paulo, it is present
in one plant only, USIMINAS, which was shut
down at the end of 2015 (FREITAS; VOGELA-
AR, René; VOGELAAR, Renato, 2017b). Al-
though USIMINAS shut down the blast furnace
in 2018, for the purpose of the study it was con-
sidered that furnace will resume its operation in
2022. A parallel analysis shows that if the blast
furnace remained shut down until the year 2030,
considering its maximum production capacity,

Low Carbon Study for Sao Paulo’s
Industrial Sector - 2030

104 million tons of CO, emissions would be
avoided over a 1§ year period. This represents
72% of total emissions from the steel industry in
the BS or 24% considering all industrial sectors.

In second place is the cogeneration measu-
re in the chemical industry, with a share of 21%
in avoided emissions. As seen below, this mea-
sure has alow MAC value, which coupled with
its reduction potential can deliver considerably
monetary savings.

In third place is the measure that increa-
ses the use of filler in the cement industry, with
a 19% share in avoided emissions. This measure
also has a negative MAC and, therefore, genera-
tes savings when compared to the BS.

Chart 5 - Emissions avoided by low carbon measures
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Marginal abatement cost (MAC
curve) and break-even carbon
price of low carbon measures

Chart 6 presents the MAC curve with the
seventeen measures assessed in the study.

Table S shows nine measures for which
the economic result is negative. These measu-
res are known as ‘no regrets’2, that is, the mea-
sures do not represent a cost to society and may
even lead to gains. Among these measures, the
most attractive are those related to the decrease
in both cement and energy consumption. The
fourth measure is cogeneration in the chemical
sector, which can also be considered as an ener-
gy loss reduction measure.

If only no regret measures were adopted,
USD2.56 billion would be saved by 2030, with
a total reduction of 39.58 million tons of CO,,
or 58% of the total mitigation potential assessed.

Ifthe choice were to reach the total potential of
68.4 million tons of CO,, an economic gain of
USD1.7 billion would still be generated. These
overall economic results will vary if considered
individually for each sector.

The BECP results show that few measures
change position in relation to the ascending or-
der of cost. In the BECP, there was basically an
increase in values (in module) in relation to the
MAC curve, due to the IRR Benchmark rates,
which for all sectors are higher than the social
discount rate used to calculate the MAC. In to-
tal, eight low carbon technologies bring an in-
ternal rate of return (IRR) above that determi-
ned as an IRR Benchmark rate for the sector,
which makes them attractive investments. As
for the other technologies, for this to happen
the ton of carbon needs to be sold at the BECP
found in the study.

Chart 6 - Marginal Abatement Cost Curve for Sao Paulo’s industry

884.60
100,00 '
Maerz kiln using biomass in natura
Maerz kiln using torrefacted biomas cCS
50,00 RDF
TGRBF - MDEA
Pellets
Nitric acid
0,00
N 0 10 20 3 ‘ 40 50 60 70
(@]
e Filler
>
v
) Ammonia
-50,00+ Replacement of fuel oil with firewood
Replacement of natural gas with firewood
XContinuous current EAF
-100,00 \ Cogeneration
\Preheating EAF
LED
-150,00 More efficient motors
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Table 5 - MAC curve values for Sao Paulo’s industrial sectors

Type of emission

Measure

Avoided emis-

Mac EECH sions 2014-2030

(US$/tCO,) (US$/tCO,) (MtCO,)

Electricity More efficient motors -113,02 -168,78 5.77
Electricity LED -109,26 -168,78 0.57
Electricity Preheating and continuous feed -100,97 -217,01 0.61
Electricity Cogeneration -83,64 -188,37 16.46
Electricity Direct current furnace -76,86 -172,55 0.27
Fuel Replacement of NG with reforestation wood -56,51 -98,71 4.79
Fuel Replacement of FO with reforestation wood -43,70 -77,61 2.28
Process Ammonia -20,34 7,53 0.06
Process and Fuel Filler -1,51 -3,77 8,77
Process Nitric acid 1,51 23,36 0.84
Fuel Pellets 7,53 17,33 2,21
Fuel RDF 8,29 18,08 2,21
Fuel Maerz kiln using torrefied biomass 9,04 70,08 0.13
Process TGRBF-MDEA 12,06 71,58 19.27
Fuel Maerz kiln using biomass in natura 12,81 70,83 1.09
Process Cccs 21,85 73,84 2.54
Process Bioethene 884,60 2943,91 0.54

Source: Freitas, René Vogelaar and Renato Vogelaar (2017a, 2017b) and Punhagui et al. (2017).

CONCLUSIONS

This exploratory study allowed a quanti-
tative evaluation of emissions and costs resul-
ting from the seventeen options analyzed, to
inform decision makers committed to tackling
the climate issue. The study addressed the mi-
tigation potential of actions related to thermal
energy and electricity efficiency; of the replace-
ment of fossil fuels with renewable energy; and
finally of the introduction of aggressive measu-
res such as CCS and TGRBF MDEA. Thisis an
unprecedented study in the state for low carbon
development in Sao Paulo’s industrial sectors.

Among the seventeen measures analyzed,
nine showed a negative cost, i.e., adopting them
to the detriment of the projected BS would be
beneficial. All 17 measures for the four sectors
assessed would have the potential to mitigate
68.4 million tons of CO, by the year 2030. The
average MAC result, weighted by the mitiga-
tion potential, indicates a negative amount of
USD 21.96/tCO.,.

From the standpoint of the reduction tar-
gets set by PEMC, the results of the study show
that there are several possibilities for achieving
them and that both the economic context and
the market can facilitate the reduction of emis-
sions through no regret measures or even spon-
taneous measures. However, the presence of
the State through regulations is necessary for
the reduction targets to be achieved in an effi-
cient, effective and economically viable manner.

In this context, the survey of carbon prices
(MAC and BECP) can ensure that the most at-
tractive reduction options will be adopted more
easily and that organizations will equalize mar-
ginal to guarantee the necessary means for alow
carbon transition. However, it is worth bearing
in mind that besides considering assumptions,
the MAC curve is dated for a reference year and
aspecific period. In this sense, the results of this
exploratory study are a starting point for the dis-
cussion of mitigation possibilities of Sao Paulo’s
industrial sectors.
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Finally, special mention should be made
of the limitations and difficulties experienced
during the preparation of this document, whi-
ch had among its main objectives the identifica-
tion of possible directions for a low-carbon fu-
ture with a specific and exploratory approach
to the lime, cement, chemical and steel sectors
in the State of Sao Paulo. As decision makers
choose certain paths, new studies should emer-
ge to broaden the scope and deepen the techni-
cal, political, regulatory, social and environmen-
tal character of these low carbon technologies.
It should be highlighted that this study has fo-
cused on the analysis of technologies to mitiga-
te greenhouse gas emissions and, therefore, the
emission of other pollutants should be analyzed
according to the current legislation, which so-
metimes requires the regulation of specific pro-
cedures.
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