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KGP Services
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• Subscription based
• Quarterly Updates on CV, NRMM, Marine, Powergen
• Engine, Driveline, Electrification, Emissions
• Fuels and Energy
• Focus on reducing Noxious and Carbon Emissions



Verticals Outlook
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Drivers for Alternative Fuels
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Noxious Emissions Tightening
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Fuel Consumption for NRMM
Fuel usage by segment, Population (Millions),  Fuel C onsumption (MT)
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NRMM Model Availability & Battery Sizing
Source: KGP xEV Model Database May 2023
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Charging Standards (Europe)

Handheld/
Extra-Compact

Compact Mid-Size Large Extra-Large

Typical Voltage 48V 48V-90V 100V-300V 400-800V >1000V

Charging Rates AC 3.3-22kW AC 3.3-22kW AC 3.3-22kW
DC 50kW-750kW

AC -43kW
DC 50kW-3.8MW

DC 50kW-3.8MW

Connector Standards IEC 62196-1/-2 
Type 2
Other

IEC 62196-
1/-2 Type 2
Other

IEC 62196-1/-3
Type 2/CCS

IEC 62196-1/-3
Type 2/CCS/MCS

IEC 62196-1/-3
CCS/MCS/Other
Other

Connectors

MCS (-1250V) No No No Yes Yes

CCS (200V-1000V/350A) No No Yes Yes Yes

TYPE 2 Yes Yes No No No

OTHERS (i.e. DIN) Yes Yes Yes Yes Yes

No current standards for machines, and different ones for US, China, Japan. Typical, but not exhaustive 
values are shown below:



Charging Standards (Europe)
Connectors
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MC S – Megawatt C harging System
DC  3.75MW

C C S – C ombined C harging System
DC  350-500kW

Mennekes – Type 2
AC  43kW

European
Automotive 
Standards

Anderson Flat C onnector Euro DIN Mennekes C EE

Industrial



Volvo Opens 48V DC protocol
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NRMM Battery Pricing is a major barrier
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Volume battery cells for NRMM will be based on automotive cells, for volume reasons, as well as investment.  Combining battery type, size, chemistry and 
volumes into a single analysis is difficult.  The summary below shows the automotive cell price, and a range of the pack price for non-road.  Smaller 48V as 
found in Mini-Excavators or Compact Construction equipment are being sourced from Automotive or Materials Handling (Forklift) vendors. Larger cells may be 
custom for NRMM, and also used in energy storage, rail, marine applications

Raw material pricing, and automotive demand is however increasing prices in the short term, and there may be a period of levelling out before falling after 
2025.

Light Vehicle Cell Prices NRMM Battery Pack Prices
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Battery Durability Standards – A Big Challenge
No current standards for Non-Road Battery Durability –
unlike road vehicles
• UN GTR 22 – Light Duty Vehicles Proposed
• UN WP 29 – Heavy Duty Vehicles Drafted

Starting point for WP 29 is GTR 22
• % of SOCE retained
• X years of Services
• Y Mileage

HDV metrics uncertain
• PTO Energy Throughput
• Total Energy Throughput
• Capacity Throughput

Testing schedule
• Standardised Charging
• Cycle test method

Aims and Objectives
a) Establishing minimum durability performance 

criteria and developing guidelines for acceptable 
evidence that the requirements will be met;

b) Establishing measures to prevent substandard 
products from entering the market;

c) Allowing adequate room for continued 
development of the regulation as the industry 
continues to evolve; and

d) Implementing a mechanism for the collection of 
data that could provide a basis for refining the UN 
GTR in the future.

“all batteries exceeding 2kWh (such as those of 
electric vehicles) must have the digital passport 
associated with them, which must contain not only 
technical information on the battery, but also data 
associated with the environmental performance of 
the device, indicating key aspects such as its carbon 
footprint.”



Low Carbon NRMM Model Availability Improving
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Bauma 2022 – Over 100 New xEV Models & Batteries
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Large Scale Batteries
• Rail, Mining, Marine all need MWh scale battery packs.  Current mining haul trucks using 0.5MWh (Hitachi/ABB/Toshiba), up to ~4MWh in 

prototype.  ProgressRail up to 14MWh Loco in assembly.
• Challenges related to cell types, durability, operating conditions (high or low ambient, dust, vibration), high C rates, cost, availability
• For Mining durability relates to high C rates, some applications need pre-heating, others advanced cooling
• Will need regular replacement due to high hours, with current chemistries.
• Variability of application demands mean some packs will need replacing regularly.
• Limited testing data on long term performance to date.
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Requirement Short Term Future
Pack Size 0.5-4MWh 0.5-10MWh

Cell Format Cylindrical/Prismatic Cylindrical/Prismatic

Cell Chemistry LFP (NMC/LTO?) LFP (LFMP/LNO?)

Cooling Air/Liquid Advanced Liquid

Energy Density <150Wh/Kg >200Wh/Kg

Cycle Life 2000-2500 3000+

C Rate 1-2C 2C+

Cost (Pack) >$250kWh <$200kWh



Liebherr – Fortescue – WAE Technologies 1.4MWh
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15 tonnes, measures 3.6m long, 1.6m wide and 2.4m high, and is made up of eight sub-packs, 
each with 36 modules, all individually cooled and each with its own battery management 
system.



Battery Chemistries to Evolve
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www.nyobolt.com



Low Carbon Alternative Fuels Required
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Trucks use Well-to-Wheel,  Ships – Well-to-Wake, Non-Road has no Well-to-Work standard



Alternative Fuels – ISO 14083
IS O 14083:2023(en)
Greenhouse gases — Quantification and reporting of greenhouse gas emissions aris ing from transport chain operations
Refers  to JEC  WTT/WTW Report V5, GREET
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https://smart-freight-centre-
media.s3.amazonaws.com/documents/Explanation_on_EU_and_US_emission_fa
ctors__ISO_14083_July_2023.pdf

https://www.iso.org/obp/ui/en/#iso:std:iso:14083:ed-1:v1:en

https://smart-freight-centre-media.s3.amazonaws.com/documents/Explanation_on_EU_and_US_emission_factors__ISO_14083_July_2023.pdf
https://smart-freight-centre-media.s3.amazonaws.com/documents/Explanation_on_EU_and_US_emission_factors__ISO_14083_July_2023.pdf
https://smart-freight-centre-media.s3.amazonaws.com/documents/Explanation_on_EU_and_US_emission_factors__ISO_14083_July_2023.pdf
https://www.iso.org/obp/ui/en/#iso:std:iso:14083:ed-1:v1:en
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Alternative Pathways Needed to Decarbonise



Base Scenario – NRMM (AG, CE, MH)
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Contacts
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C ALL OR  EMAIL US
⊲  For a discussion about your company’s requirements call or email us

⊲  To receive regular free updates send your email address to subscribe@kgpauto.com

⊲  Or for our free newsletter use: 
www.tinyurl.com/KGPPowertrainNews

22

mailto:subscribe@kgpauto.com
http://www.tinyurl.com/KGPPowertrainNews


Acronyms
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AG - Agricultural Equipment 
APU - Auxiliary Power Unit 
AWP - Aerial Work Platform 
BEV – Battery Electric Vehicle 
BET - Battery Electric Truck
CAGR – Compound Annual Growth Rate 
CCC - Closed Coupled Catalysts
CE - Construction Equipment 
CH4 - Methane

CO2 - Carbon Dioxide
CSR – Corporate Social Responsibility 
CV – Commercial Vehicle
DOC – Diesel Oxidation Catalyst 
DPF – Diesel Particulate Filter 
EGR – Exhaust Gas Recirculation 
FCEV – Fuel Cell Electric Vehicle 
FLT - Fork Lift Truck
GHG – Greenhouse Gas (CO2, CH4 etc.) 
GVW - Gross Vehicle Weight
HCCI – Homogeneous Charge Compression Ignition 
HDT - Heavy-Duty Truck (>15t GVW)

HDV - Heavy-Duty Vehicle
HEV - Full Hybrid Electric Vehicle
ISC/ISM – In-service Compliance/Monitoring 
LEZ – Low Emission Zone

LULUCF - Land use, land-use change and forestry

MDT - Medium-Duty Truck (6-15t GVW) 
MH - Materials Handling Equipment
NDC - Nationally Determined Contribution 
NH3 - Ammonia
N2O - Nitrous Oxide 
NO2 - Nitrogen Dioxide 
NOx - Nitrogen Oxides
NRMM - Non-Road Mobile Machinery 
OBD – On-board Diagnostics
PHEV – Plug-in Hybrid Electric Vehicle 
PM - Particulate Matter
PN - Particulate Number 
PTO - Power Take Off
RCCI – Reactivity Control Compression Ignition 
REV - Range Extended Vehicle
SCR – Selective Catalytic Reduction 
TCO – Total Cost of Ownership

TTW – Tank to Wheel
V2V – Vehicle to Vehicle Communication
VECTO – Vehicle Energy Consumption Calculation Tool 
WTT - Well to Tank

WTW – Well to Wheel
ZECV - Zero Emission Commercial Vehicle 
ZEV - Zero Emission Vehicle

ZEZ – Zero Emission Zone
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