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Power in kW CO (g/kWh) HC + NOx (g/kWh) MP (g/kWh) 

130 ≤ P ≤ 560 3,5 4,0 0,2

75 ≤ P < 130 5,0 4,0 0,3

37 ≤ P < 75 5,0 4,7 0,4

19 ≤ P < 37 5,5 7,5 0,6

PROCONVE MAR I
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Maximum emission limits for agricultural and non-road machinery (MAR I)

*Maximum power in accordance with ISO 14396:2002; IBAMA may, at its discretion, adopt an equivalent ABNT standard.

• CONAMA Resolution No. 433/2011
• MAR-I was established in 2011,
• Phased implementation between 2015 and 2019

Brazil’s MAR-I is equivalente to U.S. EPA Tier 3 for Non-Road Mobile Machinery



Power in kW CO 
(g/kWh)

HC (g/kWh) HC+NOx
(g/kWh) 

NOx (g/kWh) MP (g/kWh) NH₃¹ (ppm)

130 ≤ P ≤ 560 3.5 0.19 - 0.4 0.02 10

75 ≤ P < 130 5.0 0.19 - 0.4 0.02 10

56 ≤ P < 75 5.0 0.19 - 0.4 0.02 10

37 ≤ P < 56 5.0 - 4.7 - 0.03 10

19 ≤ P < 37 5.5 - 4.7 - 0.03 10

MAR II – maximum emission limits for agricultural and non-road
machinery
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1 - For engines equipped with an SCR system *Maximum power in accordance with ISO 14396; at IBAMA’s discretion, an equivalent ABNT standard may be 
adopted. New models introduced starting in the year the power regulation takes effect.

• Implementation phase (Tier 4F): 
• 130 ≤ P ≤ 560 - 4 years
• 75 ≤ P < 130 - 6 years
• 19 ≤ P < 37 - 8 years

Brazil’s MAR-II is equivalente to U.S. EPA Tier 4f for Non-Road Mobile Machinery



ICCT publications on costs of technology - examples

https://theicct.org/wp-
content/uploads/2021/06/Non_Road_Emission_Control
_20180711.pdf

https://theicct.org/wp-
content/uploads/2021/06/ICCT_costs-
emission-reduction-tech-
HDV_20160229.pdf

https://theicct.org/wp-
content/uploads/2021/06/
ICCT_LDVcostsreport_201
2.pdf https://theicct.org/wp-content/uploads/2021/06/HDV-

emissions-compliance-cost-may2020.pdf



Scope: evaluation of compliance costs for U.S and E.U. NRMM 
standards 

Source: https://theicct.org/wp-content/uploads/2021/06/Non_Road_Emission_Control_20180711.pdf
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PM and NOx emission limits for engine power categories studied
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Methodology
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ICCT has been developing 
technology cost estimates 
since 2010:
• LDV
• HDV
• Fuel Economy
• Emission standards
• Cleaner fuels
• Electric Vehicles



                    

                           

              

                          

            

                 

   

                        

                      

                      

   

                         

   

                         

   

                    

                   

                   

   

                         

               

              

                    

                       

Emission reduction technologies are fully available in the non-
road and on-road market
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Technology adoption pathways
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Source: https://theicct.org/wp-content/uploads/2021/06/Non_Road_Emission_Control_20180711.pdf



SCR and DPF technology has been in the market for decades
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Source: https://theicct.org/wp-content/uploads/2021/06/Non_Road_Emission_Control_20180711.pdf

2005 2007 2009 2011 2013 2015

SCR

2005
HDV

EU  Euro IV

2010
HDV

US  EPA 2007

2014
NRMM

EU Stage IV / US Tier 4

DPF

2007
HDV

US  EPA 2007

2011
NRMM

EU Stage IIIB

2013
HDV

EU  Euro VI



                                                  

             

                

              

                 

               

                  

                  

                                                        

            

               

        

                  

               

                  

               

                 

                                

                                  

                                  

Cost evaluation method
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Direct manufacturing cost assessment for components: SCR
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Source: https://theicct.org/wp-content/uploads/2021/06/Non_Road_Emission_Control_20180711.pdf

(2017USD)



Cost of emission control technology
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Source: https://theicct.org/wp-content/uploads/2021/06/Non_Road_Emission_Control_20180711.pdf



Incremental cost emission control technology for NRMM 
(2017USD)
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Source: https://theicct.org/wp-content/uploads/2021/06/Non_Road_Emission_Control_20180711.pdf

(2017USD)

(2017USD)

Tier 3



NRMM Emission control technology cost corrections to 2026
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• Corrections from 2017 to 2026 include

• Updated technology costs ~ 33% reduction in total costs[1]

• Cost reductions due to manufacturing improvements and learning defined at 1% per 
year – follows EPA’s methodology.

• U.S inflation 2017-2026: 1.18[2]

[1] Posada, F., Isenstadt, A., & Badshah, H. (2020). Estimated cost of diesel emissions-control technology to meet future California low NOx standards in 2024 and 2027 
(White Paper). International Council on Clean Transportation. https://theicct.org/wp-content/uploads/2021/06/HDV-emissions-compliance-cost-may2020.pdf
[2] Producer Price Index by Industry: Motor Vehicle Parts Manufacturing (PCU33633363)

Preliminary

Preliminary
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MAR II cost in perspective: less than 1% of the price

Loader

• 200 kW, Op. weight 20 tons, Engine 7.1L 

• Sales price, new

• USD$200,000-$300,000 in the US

• R$700,000 to R$1.1 million in Brazil

• Tier 4f incremental costs (2026USD)
• USD$1,561, or 0.8%-0.5% of the sales price

Excavator

• 128 kW, Op. weight 24 tons, Engine 7.1L 

• Sales price, new

• USD$250,000 -$300,000 in the US, Tier 4f

• R$800,000 and R$1.1 million in Brazil 

• Tier 4f incremental costs (2026USD)
• $1,037, or 0.7%-0.6% of the sales price
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Questions:
Dr. Francisco Posada
francisco@theicct.org
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