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New industrial policy for a new 
world: Seizing Brazil’s 
opportunities in the energy 
transition 
The world is rapidly transitioning to a new energy system and Brazil has 

a potential to be great power in the emerging geopolitical order. It has 

the critical minerals, renewables resources, biocapacity, and 

manufacturing base to be a major producer and exporter of energy, 

materials, and technology. It has all the elements to lead in industries 

critical to the 2050 global green economy: transition metals, biofuels, 

low-carbon steel, wind manufacturing, and aviation manufacturing.   

To seize these opportunities, Brazil has launched a new industrial 

policy, Nova Indústria Brasil (NIB). It is a promising venture that 

demonstrates a clear understanding of the contours of the emerging 

world order and Brazil’s potential place in it.  In this report, for highly 

promising 7 green industrial sectors, we analyse Brazil’s position in the 
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competitive global market, the existing domestic production base, and 

NIB policy initiatives together with enterprise responses. 

The new strategy suffers from three weaknesses. First, industrial policy 

works best when it targets specific subsectors or technology areas, 

where problems can be precisely and dynamically formulated and 

where all parts of society can work together to formulate solutions. The 

mission orientation of NIB is too broad to provide the necessary focus. 

This means that, second, NIB's allocated funds, amounting to roughly 

USD 60bn, are likely to be spread too thin across too many priorities to 

gain Brazil a foothold in highly competitive verticals. Third, it is unclear 

what the mechanisms of collaboration among government, firms, labor 

unions, civil society and independent experts will be. Another key 

lesson of industrial policy is that dynamic experimentation and 

interaction is needed, but there is no clear plan to create knowledge-

based clusters and design sector specific policy mixes in Nova 

Indústria Brasil. 

Brazil s position in the new geopolitics 

The energy transition is creating winners and losers.1 In the new geopolitics, the 

countries that matter most will possess leading solar and wind potential, critical 

minerals reserves, biomass resources, and hydrogen potential. Brazil’s size and 

resource endowment gives it the potential to be a leading resource power. 

Combined with its capabilities in advanced manufacturing and mechanized 

agriculture, Brazil can be a first-rank power in the new energy system alongside 

China, United States, and Russia2. Brazil also holds significant oil & gas reserves 

and expertise, which can contribute during the transition, without a need for further 

expansion.  
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Figure 1. Brazil’s natural resource potential for the new energy geopolitics3 

 
Source: NZIPL analysis. 
 

Figure 2. Brazil’s advanced manufacturing potential in the new geopolitics 

 
Source: NZIPL analysis. 
 
Brazil has strong manufacturing potential. It already produces and exports 

complex manufacturing goods. It has a clean grid with competitive prices, 

providing a strong base for energy intensive industry. However, the country must 

invest in the research and innovation base as it lags its potential great power peers 

in R&D spending, education, and patents. Benchmarking to other emerging 

economies, it does well on these indicators.  
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A key source of Brazil’s advantage in manufacturing is the wide availability of 

cheap, clean electricity. This “powershoring” potential, where industries would 

relocate to an expanded Brazilian clean grid, positions the country well as a 

producer of energy intensive products in all sectors—particularly low-carbon steel, 

but also potentially direct lithium processing and machine manufacturing for the 

wind and battery supply chains. The country has additional advantages that are 

mapped and represented in Figures 1 and 2 above, but also a profusion of 

Development Financial Institutions that are key to finance projects for economic 

diversification4. 

Brazil’s manufacturing potential, however, must take Brazilian deindustrialization 

into account. Manufacturing represented 36% of Brazil’s GDP in 1985 but fell to 

13% in 2022.5 This rapid decline in manufacturing was termed by many to be a 

case of premature industrialization: when a country transitions from a 

manufacturing-based economy to a services-based one before consumers have 

reached high income levels.6 

Deindustrialization coincided with the rise of Chinese imports and the rapid growth 

of Brazilian agricultural exports. In effect, Brazil and China restructured their trade, 

to the benefit of Chinese manufacturing.7 China is Brazil’s largest trading 

partner—representing 32% of exports and 23% of imports in 2021. The balance of 

trade is in Brazil’s favor by $44.5bn, but this comes with trade-offs.  

Figure 3. Brazil’s exports as a percentage of global market, 1995-2021 

 
Source: Atlas of Economic Complexity 
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Brazil’s exports of machinery, chemicals, and autos all rapidly declined after 

2012—the year China and Brazil signed a “comprehensive strategic partnership.”8 

Meanwhile China invested in Brazil’s agricultural and minerals sectors, which grew 

rapidly. In agriculture, some $30bn in soybeans shipped from Brazil to China in 

2021. That means soy alone represents 30% of Brazil’s China exports and that 

trade alone constitutes almost 10% of Brazil’s total exports. In minerals, China 

became a major consumer of Brazilian iron ore. Again, with $33.4bn in imports in 

2021, Iron ore represents 34% of the Brazil-China trade and 11% of all Brazilian 

exports. The number three export to China is crude oil ($14.8bn), with the value-

added refining step occurring in China, not in Brazil9 

Today, China is investing in Brazilian manufacturing with a series of BYD and 

GWM battery and EV plants and by expanding the world’s top wind turbine maker 

Goldwind’s footprint. This is needed investment which could, if strategically 

managed, help rebuild Brazil’s manufacturing. 

Nova Indústria Brasil (NIB) policy overview 

How can Brazil add value to its economy while building the resource and 

manufacturing base necessary to become a leading power? Brazil is currently 

making progress in achieving its green industrial potential through a variety of 

ministry-led transition plans. Out of the initiatives, Nova Indústria Brasil stands out 

as the clearest Industrial Policy plan, as it outlines interventions to incentivize 

production and investment in certain firms and sectors.  

Table 1. Brazil’s transition plans by different ministries that bear on green industrial policy 
 

 Transition Plan  

Ministry of Development, 

Industry and Commerce 
Nova Indústria Brasil (NIB) 

Ministry of Finance Ecological Transformation Plan 

Ministry of Mines and 

Energy 
New Growth Acceleration 

Plan (Novo PAC)  

Ministry of Environment 

and Climate Change 
Climate Plan 

Ministry of Planning Plan 2050 

Source: Brazil’s Second Nationally Determined Contribution (NDC)10 

Democratic industrial policies are not new in Brazil, as three major plans have 

preceded the NIB: the Industrial, Technological, and Foreign Trade Policy (PITCE 
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2004–2007), the Productive Development Program (PDP 2008–2010), and the 

Greater Brazil Plan (PBM 2011–2015). The first plan stood out for its sharper focus 

on innovation but was too small and underfunded to drive any meaningful shift in 

Brazil’s productive structure. Expanding the sectoral focus in subsequent plans 

naturally brought allies to the process and increased the possibility for making 

strategic bets, but also led to a lack of focus, ultimately diluting their ability to 

challenge the country's persistent low economic complexity. These plans leaned 

heavily on sector-specific financing, reflecting a broader context in which 

governments lacked control over key macroeconomic variables--especially 

interest and exchange rates--and lacked the political power to drive major tax or 

regulatory changes. Despite recent strides in tax reform, after years of struggle, 

this structural limitation remains a pressing challenge today.11 

Like its predecessors, especially the PDP and the PBM, the NIB opted for a broad 

foundational document. Its main innovation, however, was its focus on organizing 

sectors around missions, highlighting the inter-sectoral synergies required to 

achieve them. The lack of detail on how to accomplish these missions drew 

immediate criticism. 

Twelve months after its release, 5 out of the 6 missions outlined by the NIB have 

been officially launched by the end of 2024, with more details now publicly 

available. While all six missions have some relevance to decarbonization and 

green industrial policies, Missions 3 and 5 stand out as the most significant in this 

regard and will be the focus of this brief section. 

Mission 3 focuses on infrastructure, encompassing initiatives related to electric 

vehicles and, by extension, battery development. Mission 5, explicitly dedicated to 

decarbonization, includes efforts targeting biofuels, wind and solar energy, and 

hard-to-abate sectors like steel and cement. The complementarity between these 

two missions is evident. For example, the government's large-scale infrastructure 

program, Programa de Aceleração do Crescimento (PAC), which composes 

some of the investments for Mission 3, could be leveraged to drive demand for 

solar panels and low-carbon steel and cement, aligning infrastructure 

development with sustainability goals. 

The mapping of ‘production chains’ is underway for both missions. At the time of 

launching, Minister of Development, Industry, and Commerce (MDIC) Geraldo 

Alckmin presented three mapped chains for Mission 3, namely Propulsion 

Systems, Electric Batteries, and Metro-rail Transport.12 The Minister’s 

presentation also identified short-term goals for 2026, such as 2 million social 

housing units (500,000 of which will be equipped with solar panels) and 3% of the 

country’s vehicles electrified with nationally-built batteries. These numbers are 

targeted to scale up to 1.4 million social housing units with solar panels and 33% 

of new cars equipped with local batteries by 203313. 
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For Mission 5, the minister presented biofuels (Green Diesel, SAF, and Ethanol), 

Green Hydrogen, Biomethane, Heavy Industry (Low-Carbon Steel and Cement), 

Wind Turbines, and Solar Panels as production chains of interest to Brazilian 

industrial policy. The goals presented for 2026 were modest and only included an 

increase of 27% of biofuels and electricity in the country’s transportation matrix. 

This number is targeted to increase to 50% by 2033.14 

In October 2024, the MDIC has taken another important step in detailing and 

monitoring its industrial policy, as it has instituted a 'Working Group on 

Strengthening Priority Productive Chains for NIB Missions'. This seeks to 

operationalize broad plans and towards quantitative criteria to inform more 

specific policies that can complement what is already being done15. 

As with previous industrial policies, the Brazilian government has opted to 

establish sector-specific lines of credit, now organized under inter-sectoral 

missions. Building on this initial effort, the government has already pledged 

funding for 2025 and 2026, providing crucial forward guidance to the private 

sector. For Mission 3, $10.8 billion in new direct investments has been 

announced, alongside an additional $48 billion to drive demand in the construction 

sector. Mission 5 received a pledge of $2.36 billion for key industries. 

In addition to subsidized credit, the NIB’s missions are complemented by 

measures, especially tax breaks and using the government’s purchasing power to 

promote NIB priority sectors with preferential procurement processes that 

prioritize national products over imported ones. The creation of an Interministerial 

Commission on Public Procurement for Sustainable Development (CICS) was a 

major step forward, introducing preference margins for local products and those 

made with recycled materials. While margins have been set for vehicles and 

cement, steel remains excluded. A minor regulatory adjustment could extend 

these benefits to national steel, particularly greener options like biochar steel and 

Scrap-EAF steel16.In Mission 3, the Mover program stands out with a pledged total 

of 3.2 billion dollars in tax credits for automotive companies that comply with 

sustainability and innovation conditionalities. Given the history of sectoral policies 

in Brazil, it is no surprise that the most detailed conditionalities are now in the 

automotive sector17. 

In Mission 5, non-financing initiatives have been shared with the Ministry of Mines 

and Energy and the Ministry of Environment and Climate Change. The Fuel of the 

Future program has created clear thresholds for the addition of biofuels to fuel 

mixes and for the decarbonization of air travel—although not clear consequences 

for non-compliance on the latter18.  The government has passed the Legal 

Framework for Low-Carbon Hydrogen, creating a regulatory sandbox for the 

sector, establishing a special tax regime for its production and its development—

Rehidro and the Program for Development of Low-Carbon Hydrogen (PHBC)19. 
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These policies are key for sectors we evaluate in detail below -- Low-Carbon Steel 

and Fertilizers. 

The government has also reinforced that these public investments are there to 

induce private investment. As a result, it has disclosed significant private sector 

commitments: approximately $176 billion for Mission 3 and $63 billion for Mission 

5. These figures underscore the strategic use of state funding as a catalyst for 

broader private sector participation. 

Although there are promising initiatives in the current landscape of Brazilian 

industrial policy, the overreliance on funding means that current policies are not 

paying enough attention to coordination problems. Thus, true collaboration among 

government actors and businesses, unions, and other stakeholders has not 

properly materialized. This may be the reason why most sectoral policy mixes 

have been underspecified. This problem can still be solved, but as the government 

advances into its second half, time is running out20. 

Brazil s top opportunities in the energy transition 

Brazil can position itself in the industries of the future energy system by building on 

its strengths in agriculture and mining. However, its relatively weak manufacturing 

sectors need focused, targeted attention in order to realize their potential.  

In this section we present some key opportunities for Brazilian green industrial 

policy. These opportunities allow Brazil to capitalize on its world-leading natural 

resource base. For seven highly promising green industrial sectors, we analyse (1) 

Brazilian position in the global competitive market landscape (2) existing domestic 

production base (3) Brazilian policy initiatives and enterprise responses. 

Our goal is to identify priority areas for future work on microtargeting, policy 

design, and institutional or process design. This could serve as an input into the 

current working groups operationalizing Brazilian industrial policy. 

Critical Minerals 
Brazil is a mining powerhouse and is already a leader in many transition metals. It 

is the world’s second largest producer of iron ore and graphite as well as a major 

producer of bauxite (for aluminum) and manganese (Table 2). Because of its 

existing assets and expertise, Brazil has opportunities to develop a strong 

technological position across the entire transition metal productive chain21: 

Exploration and development, extraction, mine site processing, refining and 

tailings management, and recycling and reprocessing.  

Brazil has been touted for its lithium and nickel potential. The US Development 

Finance Corporation has invested in Brazilian nickel through its stake in Techmet, 
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which opened the Piauí Mine in northeastern Brazil in 2022.22 The mine has an 

annual production target of 25,000t of contained nickel by 2025. 

The Minas Gerais region is home to promising lithium deposits currently under 

development. Canadian-listed Sigma Lithium’s project in Grota do Cirilo contains 

an estimated 109 million tons of lithium.23 Sigma has secured a letter of intent 

from BNDES to support an ambitious development plan that would expand 

production to 104,000t of lithium carbonate equivalent annually.24  

These are important developments, but nickel and lithium prices have both been 

falling under pressure through 2023 and 2024. With Indonesian nickel and a 

variety of lithium projects coming online, the medium-term outlook for both metals 

is mixed. Without a broader critical minerals club that supports demand for new 

projects, or provides some form of international price certainty, nickel and lithium 

projects will be difficult to fund. 

In this context, focusing on graphite and manganese processing would add value 

to the Brazilian economy while helping partners de-risk supply chains. A number 

of firms have taken an interest in getting Brazilian graphite into the battery supply 

chain.25 Brazil is already a major producer of graphite. From a domestic 

perspective, adding processing steps to graphite production would add value to 

the commodity and build exports. Moreover, technically, graphite is not as 

complex to produce as other battery components and so should be achievable 

with existing knowledge and skills. From a global perspective, graphite is a high 

priority mineral for diversification and friendshoring because China dominates 

refined graphite production. It is one of the most valuable minerals to begin 

friendshoring.26  

Manganese is a central component of the leading commercial cathodes. The 

amount of manganese needed for batteries is a small percentage of overall 

production, so no shortfalls in manganese are expected. Nonetheless, battery-

grade manganese sulphate, a key cathode input, is projected to be in shortfall.27 

Manganese thus presents another opportunity for Brazil to add value to its existing 

resource base while supply partners with critical transition metals.  
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Table 2. Brazil’s transition metals 

 Production  

2023, t  
Rank (share) Reserves  

2023, t  
Rank (share) 

Bauxite 31,000,000 4 (7.75%) 2,700,000,000  5 (9%) 

Copper 410,276  12 (1.9%) 12,324,150 n/a (1.2%) 

Cobalt 290 n/a (.13%) 7

7

10 (1%) 

Graphite (natural) 73,000 2 (4.6%) 74,000,000  2 (26.4%) 

Lithium 4,900  5 (2.7%) 390,000  7 (1.4%) 

Iron ore 280,000,000 2 (18.6%) 15,000,000,000 2 (17%) 

Manganese 620,000 6 (3.1%)  270,000,000  4 (14.2%) 

Nickel 89,000  8 (2.5%) 16,000,000  3 (12.3%) 

Silicon metal 200,000 2 (5.3%) n/a n/a 

Tin 18,000 6/7 (6.2%) 420,000 5 (9.8%) 

Titanium n/a n/a 5,273,330 n/a 

Source: USGS 2024; S&P Market Monitor.28 
 

Brazil has taken steps in its mining policy and has recently restructured its 

National Council for Mineral Policy (CNPM)29. In partnership with the Ministry of 

Mines and Energy, the BNDES has also established a Critical Minerals Fund of 

approximately $167 million to support start-ups and medium companies working 

on research, development, and on new mining enterprises30￼. In January 2025, 

an additional $833 million was announced in a joint FINEP-BNDES funding for 

projects aimed at critical mineral transformation for the31￼. 

Batteries and battery components 
Brazil is also working to build the battery supply chain. The country has 15GW of 

battery production capacity, about 1.2% of global capacity in 2023. The majority of 

this production is by BYD, which is building two factories at its site in Camaçari, 

Bahia. BYD is also planning e-bus manufacturing and lithium processing at this 

site. The third factory, in Manaus, Amazonas produces lithium iron phosphate 

batteries, but the facility is still scaling production. BorgWarner, a US company 

headquartered in Michigan, also has a small 200MWh battery factory in São Paulo 

state targeting production for hybrid and electric vehicles. Inventus, which 

produces lithium-ion batteries for electronics, also has a small facility in Manaus.32 
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Figure 4. Brazil’s exports in the battery production and supply chain: strengths in upstream 
minerals and processing 

 
Source: NZIPL analysis of UN Comtrade data. 

So, Brazil has a budding battery cluster. However, there is a danger that this 

industry will have little value-added. Global cell manufacturing is likely to be highly 

competitive due to overcapacity in the sector. Therefore, margins will be quite low 

in the final stage of assembly. The real value-added in the battery supply chain is 

in upstream mining and value-added processing. Thus, it is imperative that 

countries which seek to gain from battery production build upstream supply 

chains. 33 

While Brazil has strengths in critical minerals outlined above, Brazil has no 

midstream assets in cathode material, anode material, separators, or membranes. 

The announced BYD lithium processing unit in Camaçari would be a foothold in 

these upstream value-added segments, but there is still a large structural hole in 

the supply chain. This presents an opportunity for Brazil, especially in the case of 

anodes, where Brazil has existing strengths in artificial graphite and silicon 

processing.  

However, the underlying industrial base for battery manufacturing in Brazil is weak 

compared to other emerging market economies. In battery production, it is the 

broader parts and machines ecosystem that provides the real economic benefits. 

Our analysis, see Figure 4, of Brazilian exports in these areas shows a structural 

weakness. Brazil is strong on the minerals needed for both nickel-rich and iron-

phosphate cathodes, natural and synthetic graphite, and copper foil. It also has 
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chemical expertise applicable to graphite and silicon anodes. These resources 

have strong potential to create value-added mining and processing. But Brazil 

lacks the machinery exports that would indicate strength in the production 

process. Typically, strong manufacturers also exhibit strength in the machinery 

and precision instruments sectors.   

In terms of current policy, as outlined in Mission 3, the Mover program focuses on 

gradually increasing the share of domestically produced content in batteries, with 

the Brazilian government primarily leveraging the land transportation sector to 

boost battery production. In addition to performance-based tax breaks tied to 

electrification and decarbonization—designed to spur demand for electric 

vehicles—the government has raised import tariffs on electric vehicles and 

committed to gradually increasing them further to encourage domestic 

production34. In parallel, 2024 has already seen approximately $140 million in 

BNDES loans to support Volkswagen’s production of hybrid and electric 

vehicles35, with more large financing expected for the sector. 

So, policies for the sector exist, but Brazil will need to focus on creating the 

absorptive capacity for battery manufacturing if it wants to prevent a “battery 

enclave” wherein foreign companies produce batteries with foreign knowledge and 

foreign supply chains, creating little value-added in the Brazilian economy. 

Electric Vehicles and Ethanol-battery Hybrids 
If Brazil can overcome its challenges and implement a robust policy mix for battery 

production, it could become a key player in the electric vehicle (EV) and hybrid 

vehicle markets. With the size of its internal market, its established automotive 

sector (which made Brazil the 8th largest producer of vehicles in 2022), and its 

clean energy matrix, the country is well-positioned to build a competitive EV 

sector. This potential is further supported by Brazil’s long-standing tradition with 

biofuels—especially ethanol—and the growing market for ethanol plus battery or 

flex-fuel-hybrid vehicles. 

In recent years, however, the outlook for Brazil’s automotive industry appeared 

bleak. Major multinationals like Ford and Mercedes shut down their Brazilian 

operations, due to low profits and business restructuring36. The closures cast a 

shadow over the sector, raising concerns that other major players, such as GM, 

might follow suit37. Amid this uncertainty, Toyota bet on the introduction of its first 

imported flex-fuel hybrid engines to the Brazilian market, signaling a restrained 

confidence in the country’s potential38. Still, the overall scenario looked dire. 

Despite these challenges, Brazil’s auto sector bounced back partly due to policy 

signals aimed at revitalizing the industry. Approximately 2.5 million cars and vans 

were sold in 2024 (a 14% increase from 2023 and more than half a million over the 

2022 number), along with 149,774 trucks and buses. Electric and hybrid vehicle 
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sales, starting from a much smaller sales figure, increased by 88.7% from 2023 to 

2024, showing the potential of the market for electrified vehicles39. 

Figure 5. Market growth opportunity of hybrid “flex” (battery plus ethanol) is 
greater than pure battery electric vehicles 

 

Source: Robbie Andrew, CICERO; Data: ANFAVEA40 

So far, the Brazilian policy mix, mostly represented by the Mover program but 

complemented by financing from the BNDES—as exemplified by the Volkswagen 

case mentioned above—has delivered tangible results. Multinationals have 

announced over $20 billion in new investments in the country through to 2033 

(Table 3), and new ventures like BYD’s in Camaçari seem to be just the beginning. 

If battery production advances in tandem, Brazil could be poised to become a 

green value-added hub41.  

However, challenges remain, extend beyond the localization of battery 

components, and echo those Brazil has faced with its traditional automotive 

sector for decades. Almost all companies operating in Brazil—except for smaller 

firms like Lecar and Eletra—are large multinationals, many of which will conduct 

most of their R&D abroad, if not motivated to do so nationally42. In this context, the 

Mover program plays a crucial role by offering tax incentives to encourage in-

country R&D, which could also benefit from Brazil’s unique expertise in ethanol 

and flex-fuel motors.  
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Table 3. EV and hybrid flex(battery-ethanol) production plants of both domestic and 
foreign-owned subsidiaries of auto firms 2022-2024 

Firm 

Plant type Investment Location Capacity 

(vehicles 

p.a) 

Toyota Hybrid  $2.2 bn São Paulo 100,000  

Hyundai Hybrid  $3.8 bn São Paulo  

GM Hybrid $1.4 bn São Paulo 330,000 

Volkswagen Hybrid $1.8b bn São Paulo  

Stellantis Hybrid $5 bn São Paulo  

Renault Hybrid $0.85 bn Parana  

CAOA Chery Hybrid 0.75 bn Goiás  

BYD Hybrid $0.91bn Bahia 150,000 

Great Wall Motors Hybrid $1.66bn São Paulo 50,000 

Source: NZIPL analysis of FDI Intelligence data  

As such, the recent increase in tariffs of as much as 35% for EV imports that 

surpass the annual quota, aims to accelerate the installation of local production 

capacity. This increase in tariffs was supported by more traditional car 

manufacturers represented by ANFAVEA and opposed by the EV-focused 

association ABVE43 

Sustainable aviation fuel (SAF) 

Sustainable aviation fuel (SAF) will play a key role in decarbonizing global air 

travel. SAF markets are rapidly growing44 to meet demand driven by a European 

and Chinese45 mandate and various subnational regulations such as the California 

and British Columbia low-carbon fuel standards (LCFS).  

Brazil has the potential to be a world leader in SAF.46  Brazil’s bioeconomy has 

boomed on the back of major growth in agribusiness. It has the feedstock, the oil 

and gas expertise, and the foothold in biofuels to scale rapidly into SAF value 

chains.  

Brazil has two major forms of feedstock47, which feed into different SAF pathways. 

First, Brazil’s agriculture sector produces tallow (from beef processing), soybean 
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oil, and palm oil all of which can go into the hydroprocessed ester and fatty acids 

(HEFA) pathway. Four projects in Brazil currently seek to achieve this: Brasil 

BioFuels, Essential Energy USA, and two Petrobas projects are in development.48 

Second, Brazil’s sugarcane ethanol production could be diverted into an alcohol-

to-jet (AtJ) pathway.  Brazil produced 35.4 billion liters of ethanol in 2023, mainly 

from sugarcane, and currently blends most of it into gasoline. Shell and Raizen 

have announced that they are exploring an AtJ project in Brazil.49 Brazilian AtJ 

would have a critical advantage: it has very low carbon intensity (Figure 6).50 Its 

carbon intensity is 1/3rd the emissions of corn ethanol, and less than half the 

emissions of canola, palm, or soybean-based SAF. The way LCFS markets are 

developing, low-carbon SAF will fetch higher prices because those markets pay 

per unit relative to a fossil benchmark. This puts Brazilian AtJ in a strong position.  

Figure 6. Carbon intensity of SAF by feedstock and technology.   

 

Source: BloombergNEF.51 

Alcohol-to-Jet is not yet fully commercial and so Brazil has an opportunity to get 

into the technology value chain at the outset. There will also be opportunities for 

international collaboration and for partner countries to provide technology transfer 

to Brazil in this area. The risk of Brazil not moving into SAF technological 

development is the country exports its abundant sugar ethanol to SAF plants 

abroad and imports the value-added SAF instead. 

If ethanol producing countries, such as the US and Brazil, work together on SAF 

they can address a common problem: ethanol is susceptible to demand 

destruction as electric vehicles reduce gasoline use. A strong, growing SAF 

market can absorb ethanol from both countries while keeping ethanol prices high. 

This will reduce resistance to the transition from agricultural producers. Brazil’s 

Raizen is already sending ethanol to a US SAF plant owned by Lanzajet in 

Georgia. 
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Brazil is expected to design a SAF mandate52 that would go into effect from 

January 2027 but policy details are still under consideration. For now, the Fuel of 

the Future law requires airlines to cut their carbon emissions (starting at 1% in 

2027 and peaking at 10% in 2037). Companies have started scrambling to 

produce SAF, with pledged investments to the order of just under $3 billion dollars 

until 202753. Out of the major players,  Acelen has pledged to produce 1 billion 

liters a year of SAF from the macaúba palm, with AtJ technology licensed from 

Honeywell, and has received a BNDES loan of approximately 43 million dollars.  

Brazil is already becoming a magnet 54for SAF investment by oil companies, 

international investors and sovereign wealth funds. Shell and Abu Dhabi’s 

Mubdala investment company are considering SAF AtJ plants, with Mubdala 

already owning Acelen. Another potential major player is Petrobras, who is 

developing SAF out of soy oil and beef tallow55. FINEP and BNDES have also 

released a public call for projects offering 1 billion dollars for SAF projects56; in 

total, it received 20 billion dollars worth of proposals for SAF development57. 

 

Wind turbines 
Brazil is the world’s number three wind market, with 5 GW of deployment in 

2023.58 Because turbines are large, manufacturing for final assembly and critical 

components tends to be co-located with deployment. Nacelle and hub production 

in a given jurisdiction often scales up and down with the deployment market.  

Vestas (2.1GW), GE (1.2GW), Nordex (650MW), Siemens Gamesa (580), 

Goldwind (180MW), and WEG (172MW) all manufacture turbines inside Brazil.59 

But from an industrial policy perspective, the key question is what percentage of 

the value-add for these turbines happens in Brazil. In global supply chains, 

complex components are often imported, leaving the least complex final stages 

for local assembly. This means that turbine manufacturing may not generate 

broader economic benefits without targeted policy interventions.  

Brazil, led by BNDES, has been aiming to build the local supply chain for wind 

turbine components since 2002. For a brief period, Brazil had a renewable feed-in-

tariff that required 60% local content (calculated by weight).60 This scheme did not 

have much success and was replaced with an auction system without local 

content requirements. In 2012, BNDES advanced a new local content roadmap 

covering towers, blades, hubs, and nacelles.61 In this scheme, BNDES would only 

offer its concessional loans, as low as 2.5%, to developers that met local content 

targets.62 The policy has been a mixed success.  

On one hand, the local content targets for towers and blades have been lowered 

from 60% in 2016 to 30%.63 Hubs and nacelles are not subject to a value-added 

target but must be assembled locally. The reduction of the requirements reflects 
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the lack of local sourcing options. On the other hand, the requirements have 

helped build up a local industry for blades, towers, bearings, and castings.64    

Figure 7.  Brazil’s exports in the wind production and supply chain: strengths in minerals, 
metals, and machinery. 

 
Source: NZIPL analysis of UN Comtrade data. 

 
The policy captained by the BNDES shows some adaptation capacity on the side 

of Brazilian industrial policy institutions. Given the infant nature of the supply 

industry—especially in the beginning of the policy—accreditation mechanisms 

were changed and made more flexible according to technological sophistication, 

with technically more challenging components being allowed lower national 

content. This has incentivized some learn-by-doing of national companies, 

creating important success stories65, like WEG, a Brazilian industrial powerhouse 

for electric motors who moved into the production of parts and components for 

wind and other clean energy sectors across Brazil and Latin America.66 As a 

result, Brazil only major imported component for wind turbines nowadays are 

gearboxes, with local content revolving around 85-95% depending on the chosen 

hardware for a given project67. 

This has been an essential step, which attracted international players and created 

linkages to local producers. However, a deeper look at the Brazilian industrial base 

reveals that the strategy to create local content has not necessarily created a 

competitive global industry. Brazilian exports in products in the wind supply and 

process chains demonstrates moderate strength, but the sector is particularly 

hampered by infrastructural bottlenecks that bar the country from selling large 

wind turbine parts even to neighboring countries.68 
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These infrastructural bottlenecks are not natural facts. Before Brazil was able to 

export record volumes of iron and soy to China, it had to build logistical 69supply 

chains to get the products to expanded, modern ports. This work began at an early 

stage of the industrial policy roadmap so that the export infrastructure would be 

ready when the plan came to fruition. A similar level of organization and 

commitment to infrastructural development is needed to generate exports for a 

sector with large, complex components such as wind70. 

At present, Brazil’s wind energy sector is undergoing significant changes. As a first 

response to advancements in national production and to falling demand, import 

tariffs for wind turbines have been raised. Previously, turbines with capacities 

above 3,300 kVA were exempt from import taxes due to the absence of equivalent 

domestic products. Now, this threshold has increased to 7,500 kVA, with the 

exemption valid only until 2025. After that, all foreign purchases will incur an 

11.2% import tax barring the absence of equivalent domestic production.71 In 

parallel, WEG has secured a $12 million loan from BNDES to develop an onshore 

wind turbine with a 7.0 MW capacity and a 172-meter rotor blade diameter, 

potentially capable of meeting the new threshold.72 

As such, the wind sector continues to grapple with demand challenges, as 

projects often favor cheaper imported solar panels that are incentivized by 

government policy. To further address these issues, the MDIC convened a 

working group that produced a report for Casa Civil. The group identified the legal 

framework for offshore wind as a key opportunity for Brazil’s electricity 

generation.73  

The bill’s passage in the Senate was a milestone, though it included controversial 

and unrelated provisions benefiting thermoelectric plants that could increase 

national emissions by 25%.74 While these provisions were vetoed, Congress 

retains the power to override the decision.75 The framework stands as a landmark 

achievement, with the potential to supply up to 19% of Brazil's current electricity 

demand under the most ambitious offshore wind scenario, while also serving as a 

major catalyst for the growth of the country’s wind manufacturing industry.76 When 

accounting for offshore wind, the sector grows its potential exponentially. As such, 

policy design needs to reflect the specific challenges and opportunities of each 

sector, using targeted data to guide decisions. In wind energy, Brazil must develop 

a coordinated strategy with clear targets and strong government support to build a 

competitive ecosystem. This is particularly crucial for mature sectors that still lack 

globally competitive firms and a well-integrated industrial base to support long-

term growth.77 

Low-Carbon Steel 
Brazil’s existing steel industry, clean power, and mining strengths provide a strong 

base to produce low-carbon steel. There is a big import substitution and value-
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added opportunity here as currently Brazilian ore is exported and then reimported 

as steel, allowing other countries to capture the intermediate value-added. 

A recent analysis by the Net Zero Industry Project highlights Brazil’s opportunity 

as a leading, low-cost destination of low-carbon steel.78 They model a scenario in 

which countries in the global north create a board carbon club: a shared market 

backed with a carbon border adjustment mechanism. In this scenario, Brazil 

emerges as a key location for the low-carbon production of iron and direct reduced 

iron, a critical input for the leading DRI-EAF primary steelmaking pathway (Figure 

8).  

Figure 8. Global green iron production in the Net Zero Industry Project’s broad 
climate club scenario. 

Source: Bataille et al 2024.79 

Figure 9. Brazil’s green steel potential in the Net Zero Industry Project’s broad 
climate club scenario. 

  

Source: Bataille et al 2024.80 D is domestic demand; P is production. 

It also emerges as a major exporter of low-carbon steel in this model (Figure 9). 

Brazil’s low cost of capital and cheap electricity positions it as a potentially leading 
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producer of green steel via both leading net-zero pathways: electric arc furnace 

and direct reduced iron with hydrogen.  

Steel is also a critical sector for Brazilian hydrogen. Our analysis, rather than 

focusing on hydrogen production, focuses on the demand-side. A low-carbon 

steel sector provides a market for hydrogen. At present, the size of the global trade 

in hydrogen is highly uncertain, as is Brazil’s competitive position within that 

market. Thus, Brazil should focus on scaling and cost discovery with domestic 

demand. Indexing hydrogen to a domestic low-carbon steel sector is a major 

opportunity here. This potential must be nuanced, however, given this pathway’s 

uncertain commercial viability at the moment.81. 

A critical piece of the global low-carbon steel market, is the creation of a climate 

club for steel. In this regard, the EU’s carbon border adjustment mechanism 

(CBAM) is the leading proposal. While some countries in the global south have 

resisted the CBAM, it can be used as an opportunity for countries that position 

themselves.82 There is an international dimension to certifications and a taxonomy 

of low-carbon steel that is crucial to create demand for a potentially more 

expensive product83.  

In this vein, Brazil should consider implementing a domestic CBAM aligned with 

its Sustainable Taxonomy. This policy would protect Brazilian steel manufacturers 

while maintaining some competitive pressure and could be tailored to maximize 

Brazil’s advantage as a producer of clean energy. 

In this context, Brazil has a narrowing window of opportunity to address some key 

problems in its domestic steel industry: 74% of Brazilian steel production relies on 

the carbon-intensive BF-BOF process, though there is a lower cost opportunity 

here, as some producers have adopted biochar as an initial decarbonization 

solution84. Vallourec exemplifies this approach, having secured a $9 million loan 

from BNDES's climate fund to expand its biochar operations85.  

Brazil also has no operating DRI plants, despite the upstream national expertise 

on the production of pellets and Hot Briquetted Iron by Vale, who is now partnering 

with Swedish H2 Green Steel to produce HBI with low-carbon hydrogen. Vale is 

setting up mega-hubs equipped with DRI furnaces in Saudi Arabia, UAE and 

Oman86.   

As such, despite the potential, pursuing the DRI-H2-EAF route would demand 

immense investments, as Brazil would need to build DRI expertise and also create 

industrial capacity for electrolyzers, as the sector is incipient and localization 

initiatives are in their infancy, making this a longer-term pathway87 

Conversely, Brazil can immediately accelerate its decarbonization efforts by 

encouraging major industry players—like Gerdau and ArcelorMittal—to increase 
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their steel production via the Scrap-EAF methodology. This approach uses known 

and available technology and would be clean given the Brazilian energy 

production, but it requires a steady and sufficient supply of scrap metal, and hence 

a comprehensive scrap policy to promote domestic recycling and the 

decommissioning of offshore platforms88  

Despite recognizing the steel sector's strategic importance and even treating it as 

a possible ‘flagship project’, Brazilian policymakers have not yet developed 

targeted policies for low-carbon steel.89 Their focus has centered on defending 

domestic producers through raising tariffs to 25% on 11 steel product categories 

to guard against Chinese competition90. While this protection may help stimulate 

investment in a sector struggling with idle capacity, more targeted interventions 

are within reach and are necessary to decarbonize the industry and capitalize on 

the country's potential for low-carbon steel production. 

Green Fertilizer 

Figure 10. Green hydrogen projects with green steel and green fertilizer potential.  

Source: CNI.91 
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Green fertilizer is another opportunity for hydrogen. It also presents an opportunity 

to reduce imports. Brazil is the number one importer of fertilizer in the world.92 A 

critical feedstock for fertilizer is hydrogen, which is the base for ammonia (NH4). 

Currently, fertilizer is predominantly made with gray hydrogen produced by steam 

reforming natural gas (CH4), which releases enormous amounts of carbon. 

Making fertilizer with green hydrogen drastically reduces the emissions intensity of 

fertilizer. 

Atlas Agro recently announced a $1.15 billion project to develop green fertilizer in 

Uberaba.93 The project will utilize 300 MW of clean energy to produce green 

hydrogen, ammonia, and nitrogen fertilizers.94 This is a great project: it will reduce 

imports and create value-added. Yet, it is important to ask whether there is a 

broader industrial strategy to keep it competitive and integrate it into an ecosystem 

that maximizes Brazil’s long-term advantages? Green fertilizer is a clear target for 

technology transfer, in order to build domestic firms along the value chain. 

Investments in chemical knowledge and the hydrogen value chain around fertilizer 

will pay dividends over decades. Other than AtlasAgro, another 11 projects 95were 

chosen by the Ministry of Mines and Energy as potential low-carbon hydrogen 

hubs and as possible recipients of Climate Investment Funds for Industrial 

Decarbonization (CIF-ID), showing the government’s interest in low-carbon 

hydrogen. 

Given its importance to the Brazilian economy, the sector was included in Mission 

1 of the NIB. Despite some incipient ideas discussed by the National Fertilizer 

Council to create sustainable fertilizers through the transformation of sewage 

treatment residuals, the more traditional fertilizer decarbonization path has 

progressed slowly. The legal framework for green hydrogen only passed in August 

2024, which have put most projects to capitalize on Brazil’s competitive 

advantages in this area on hold or in a very incipient phase.96 ￼  

Furthermore, Brazil’s import-reliance is hard to break. New tariffs were considered 

in October 2024 but were eventually scrapped given the possible cost pressure of 

more expensive imported fertilizers for agricultural producers97. For instance, the 

country produced only one for every seven million tons of urea it imported and until 

2022, large national producers were actually shutting down plants98.  

As such, existing initiatives have mostly focused on localization, but this could 

kickstart decarbonization efforts. Other than Atlas Agro, another clear example is 

the reactivation of the Araucária fertilizer plant in Paraná. Petrobrás invested over 

$145 million in the project99, simultaneously partnering with Embrapa, Brazil’s 

national agricultural research agency100, and Norwegian firm Yara to develop 

decarbonization initiatives101. Reviving domestic production capacity could be a 

first step in laying the groundwork for a more sustainable and decarbonized 
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fertilizer industry in Brazil, but clear incentives towards this goal is needed if 

localization is to be leveraged.  

Integrating sectoral strategies 
To ensure that sectoral plays add up to more than the sum of their parts, there are 

opportunities to integrate these sectoral opportunities into systems. In driving 

development and decarbonization, structural transformation of systems is critical. 

Part of what the government must do is not just provide capital and project 

support, but create broader conditions for transformation with forward-looking 

investments in infrastructure, human capital, and cheap energy.  

The first step in identifying these investments is to map value chains and think 

about the resources and potentials that will be needed to capture key nodes and 

keep them globally competitive. Figure 11 presents a start for this mapping. 

Figure 11. Integrating Brazil’s sectoral opportunities into a strategic system 

 

 

Strategic investments in education and innovation 

Even if all industrial policy initiatives are coherent, conditional, and well monitored, 

technological clusters need specialized and educated workers. This will demand a 

dedicated plan to train the Brazilian workforce with aims to tap into the country’s 

massive potential and position it as a leader in the geopolitics of the energy 

transition. 

The Industrial Labor Map calculated by the Brazilian National Industry 

Confederation (CNI) estimates that Brazil will need to train 14 million people to 

attend the demand for formal workers102. That can be a challenge, since Brazil has 

one of the lowest enrollments in Vocational Education and Training (VET) out of all 

OECD member and partner countries103. 

The 2023 Legal framework for Technical Education could help address this gap. 

The framework establishes a monitoring system for VET and allows technical 

education students to use their credits toward a college degree if they choose104. 
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While the details of implementation are still under discussion by the Ministry of 

Education, this framework will be part of the National Policy for Technological and 

Professional Education (PNEPT)105. 

Although improving VET can be seen as a ‘horizontal’ human capital policy, Brazil 

will need to target its investments in workforce training towards the sectors where 

it has the biggest potential. As such, an explicitly ‘vertical’ policy for VET is needed 

and can be piloted in decarbonization niches, thus complementing the country’s 

industrial policy push. 

Brazil’s existing VET system offers a mixed foundation for such efforts. SENAI, 

one of the most established providers of VET for manufacturing, plays a critical 

role in workforce training. Together with SENAC (focused on commerce and 

services), these institutions are funded through payroll taxes and form part of the 

‘Sistema S.’ However, as business-led organizations, they primarily cater to the 

needs of the current industrial structure and are more responsive to market 

incentives than government policies. If decarbonization becomes central to 

Brazil’s industrial future, SENAI is likely to adapt, but its current structure limits its 

proactive role in driving change. 

As such, investing on the Institutos Federais (IFs) could be Brazil’s best bet in 

pursuing a targeted VET policy.  In March 2024, Lula announced 100 new IFs with 

140,000 vacancies, to be built using funds from the new PAC. These new units are 

mandated to provide at least 80% of their vacancies to VET—up from 50% for 

previous IFs. In the same event, he said that the goal was to climb from the current 

682 IFs to 1,000106. 

Since 2015, some of these institutes have been selected to host innovation units 

in partnership with Embrapii, highlighting their potential as critical nodes within 

technological hubs. These Embrapii Innovation Poles already serve as valuable 

R&D opportunities, with several linked to Institutos Federais107.  

A crucial next step would be to align these partnerships with Brazil's 

decarbonization agenda by incentivizing the development of targeted curricula 

and workforce training programs. For instance, pilot programs could leverage 

recent investments in EV and wind energy industries near Camaçari, adapting the 

existing Electrical Technician VET program at the local Instituto Federal to meet 

the demands of these rising sectors. Once tested and refined, such initiatives 

could be expanded to other regions and industries, creating a scalable model for 

workforce development aligned with Brazil's green industrial strategy. 

Focusing Science, Technology, and Innovation policy on priority 

productive chains 
Brazil has a Regulatory Framework for Science, Technology and Innovation 

(ST&I) and several 108existing public policy instruments within BNDES and FINEP 
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— subsidies, subventions grants, subsidized credit, equity, tax incentives— and 

programs in place to stimulate human capital for its strategically chosen 

industries. NIB’s Mais Inovação Brasil aims to invest $11 billion in companies’ 

innovation projects until 2026, with CNDI prioritizing missions and structural axes 

defined by the Ministry of Science, Technology and Innovation (MCTI)109. 

Historically, for such strategic industries, these instruments and programs have 

led to coordinated Government-industry-university cooperation for development 

and acquisition of technologies.  Hence, there has been a sustained increase in 

patent production and domestic knowledge creation in production chains for 

Brazil’s ‘islands of excellence’: Petrobras’s oil exploration, EMBRAPA’s biofuels 

and agribusiness, and Embraer’s aviation production chain.  

The question now for Nova Industria Brasil is whether such integration — of 

science with innovation, and of companies with universities — can be replicated in 

a focused way on the new priority production chains.  
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Conclusion 

Brazil has world-leading potential in the new geopolitics. As the global energy 

order shifts, the countries that matter will be those that are able to leverage large 

natural resource bases into manufacturing value-added and high-employment 

service sectors. Brazil can build on its existing strengths to create world-leading 

industries in the seven sectors we analysed in this report: critical minerals mining, 

battery and EV manufacturing, wind manufacturing, sustainable aviation fuels, 

low-carbon steel and fertilizers. 

To take advantage of these opportunities, Brazilian industrial policy must have 

three critical features: 

1. Focus: clear targets in a limited number of sectors, with a clear sense of where 

Brazil’s subsectoral opportunities are. Nova Industria was, initially, too broad 

and unfocused. The Ecological Transformation plan aims to get more targeted 

and sectoral. However, robust, quantitative targets are needed to help make 

hard decisions with scarce resources. 

2. A strong coordination process: successful industrial policy is built on good 

information flows between government, industry, and experts, and between 

levels of government.  

3. Structural investments in education and innovation: Brazil needs to build the 

innovation base to compete with other leading economies in the new energy 

geopolitics. But without highly focused efforts to build knowledge in specific 

areas, Brazil’s industrial policy won’t realize its potential.  

Brazil has fiscal constraints like other developing countries in the energy transition. 

Even without a large budgetary allocation for industrial policy, it can conduct 

strategic investment at concessional interest rates through BNDES. However, it 

must ensure that its industrial policy adds up to more than a series of disjointed 

projects.  

Rodrik and Stiglitz have recently argued that the well-known path to development 

via manufacturing and exports has become more difficult.110 Manufacturing no 

longer absorbs labor at high rates and Chinese dominance of manufacturing has 

created a highly competitive landscape. This leads them to highlight the crucial 

role of services sectors in development. However, they correctly note that 

“increasing productivity in labor-absorbing services is likely to prove more difficult 

than in manufacturing” and that “the expansion of non-tradable services – those 

that are most likely to absorb employment -- is ultimately limited by the size of the 
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home market.”111 This suggests that there are important constraints on the 

potential of services-led growth.  

There is, however, another route that has been laid out by Carlota Perez. Perez 

argues that countries can build complex, dynamic industries around their natural 

resource base.112 The key is to avoid primarization and commodity dependence. 

She argues this can be achieved with industrial policies that focus on establishing 

technologically sophisticated production networks that diversify the economy 

beyond commodities. Natural resources are a “springboard for industrialization 

and economic development” beyond resource dependence, as long as linkages 

are created and maintained113. Creating linkages from natural resources poses 

economic and political challenges, but it can be achieved through targeted policy 

decisions114.  

This is a clear path for Brazilian growth overall. Brazil’s strengths in agriculture and 

critical minerals provide a base for productive investment in manufacturing and 

processing industries in linked sectors. Pursuing these linkages with well-

designed industrial policy provides a way to leverage natural resources and 

manufacturing into a growing services sector, and therefore into broad-based 

structural transformation. 
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Methodological Annex 
1. Radar Methodology for Figure 1 – Brazil's natural resource potential for the new 

energy geopolitics 

Solar potential is taken from the World Bank SolarGIS dataset, using the Level 1 

indicator for potential utility-scale PV generation.115 This Level 1 indicator excludes 

areas which are assessed as not being practical for utility-scale PV development, 

due to physical unfeasibility and technical land-use constraints. 

 

Wind potential is measured based on data provided by Tonelli et al. (2023), who 

estimate the maximum capacity in TWh’s/yr a country can produce from onshore 

wind or PV solar resources if all eligible available land is used for solar or wind.116  

The analysis assumed the use of 100% of all land considered suitable for wind, 

excluding forested land, agricultural land, and urban land; 10% of forested land 

was deemed eligible for wind power generation, and 70% of agricultural land was 

deemed suitable. No urban land was considered suitable for wind. This variable 

does not consider the offshore wind generation potential, which is analysed in the 

text based on World Bank (2024)117. 

 

Green Electrolysis Potential was estimated using a mean of total production 

potential based on solar or wind resources, taking the availability of power or water 

as a limiting factor.  Estimates of solar and wind potential were used to determine 

potential hydrogen production from each renewable resources, subtracting for 

national power demand.118  An electrolyser efficiency of 50 kWh per kg hydrogen 

produced was assumed. Water requirements were assumed to be 32 kg per kg 

hydrogen for PV solar-based production and 22 kg per kg hydrogen for wind-

based production119.  Water availability was calculated as total available water 

minus water consumption for countries without readily available sea access120.  

For countries with readily available sea access, water availability was not 

presumed to be a limiting factor due to advanced in desalinization and its potential 

for pairing with electrolysis.  Readily available sea access was determined based 

on total national coastline.  For both wind and solar production options, potential 

hydrogen production was based on the limiting factor, either electricity or water.  

The mean of the two resulting hydrogen production estimates from solar and wind 

production respectively was the final estimate used. Note that negative 

withdrawals of water beyond national availability resulted in a negative hydrogen 

score for some countries, in which case a value of zero was assigned. 

 

Critical minerals potential is an indicator calculated by the NZIPL based on 

national reserves for seven minerals (cobalt, copper, lithium, nickel, manganese, 

phosphate, and bauxite) from USGS data.121 For each mineral, national reserves 

were calculated as a proportion of the largest national reserve globally for each 
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mineral. The mean of these seven proportional values was then calculated, and a 

logarithmic scale was used. 

 

National biocapacity is based on the dataset from Global Footprint Initiative at 

York University.122 This is based on an estimate of biological productivity, 

measured in a standardized hectare value. For the current analysis, a sum of 

biocapacity from cropland, forest land, and grazing land was calculated for the 

year 2022.  

 

Oil and gas reserves were taken from the US Energy Information 

Administration123. A logarithmic scale is used. 
 

2. Radar Methodology for Figure 2 – Brazil's advanced manufacturing potential for 

the new energy geopolitics 

Export Complexity was taken for the observatory for Economic Complexity’s 

ranking of countries for the year 2021.124 

 

Green Manufacturing Exports is measured by a score of Green Energy 

Manufacturing Exports, and was arrived at by taking the dollar valuation from UN 

Comtrade data for all national exports from 2016-2022 for HS codes which aligned 

with a clean energy technology as defined by the IRENA patent database.  The 

sum of dollar values was then logged.  A table of tracked HS codes and their 

equivalency with an IRENA defined clean energy technology is available at the 

bottom of this document. 

 

Renewables Patents, was taken from an IRENA database and patents by national 

origin were summed for the years 2000-2021.  Patents include those for; 

Batteries, Biofuels, CCUS, Crosscutting, Electromobility-Charging 

Stations ,Electromobility - Energy Storage, Electromobility - 

Information/Communication Technologies, Electromobility - Machine related 

technology, Energy Efficiency, Energy Storage - General, Fuel Cells, Fuel from 

waste, Geothermal Energy, Green hydrogen (water electrolysis), Heat pumps, 

Hydrogen (storage and distribution and applications), Hydropower, Mechanical 

energy storage (e.g. flywheels or pressurized fluids) Ocean Energy, Others, PV, 

PV - Thermal Hybrid, Smart Grids, Solar Thermal, Thermal energy storage, 

Ultracapacitors, supercapacitors, double-layer capacitors, Wind Energy. 

 

R&D is calculated with the National R&D as a % of GDP and was taken from the 

World Bank, an average of 2016-2022 was used. 

 

Education is calculated with the Gross Enrollment in Tertiary Education, and was 

taken from the World Bank and measures the total enrollment in tertiary education 



Seizing Brazil’s opportunities in the energy transition netzeropolicylab.com 

   

        

 
31 

in a nation relative to the corresponding age group most likely to be enrolled.   An 

average was taken for the years 2016-2022. 

 

Household and business electricity price were taken from globalpetrolprice.com, 

for March 2023 in the case of household prices, and December 2023 in the case 

of business prices. 

 

Net Zero Grids are calculated with the carbon intensity of national grids. This was 

taken from Our World in Data and measures the percentage of renewable and 

nuclear energy on a nations grid for the year 2021. 
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