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1. Introduction  
As the world grapples with its efforts to combat climate change, attention is increasingly 
focused on sectors traditionally seen as difficult to decarbonise. One such area is Non-Road 
Mobile Machinery (NRMM), particularly diesel generating sets (gensets), which have long been 
vital in construction, events, emergency back-up, and temporary power applications. These 
units, while indispensable, have historically been significant contributors to local air pollution 
and greenhouse gas emissions. However, a combination of progressive legislation and 
innovation in alternative fuels is helping to transform this narrative. 
 
Diesel engine powered generators are central to modern energy backup systems; however, 
they emit carbon monoxide (CO), a toxic pollutant. CO naturally oxidises to carbon dioxide 
(CO₂), slightly less harmful to humans but it is a greenhouse gas. Oxidation occurs via two main 
paths: slow atmospheric oxidation and faster catalytic conversion in exhaust systems. This 
article explores both mechanisms and reveals how switching from conventional diesel to 
Hydrotreated Vegetable Oil (HVO) modifies emissions, conversion efficiencies, and lifecycle 
carbon impacts. 
 
2. The Chemistry Behind CO Oxidation 
2.1 Balanced Reaction and Stoichiometry 
The fundamental oxidation reaction remains unchanged regardless of the fuel: 

2 CO + O₂ → 2 CO₂ 

This confirms that 2 molecules of CO require 1 molecule of O₂, producing 2 molecules of CO₂. 
Thus, for each molecule of CO combusted, an equal molecule of CO₂ forms. 

2.2 Rate Laws and Mechanisms 

• Uncatalysed atmospheric oxidation: follows a third order rate law: 
Rate=k[CO]2[O2] \text{Rate} = k [CO]^2 [O₂]Rate=k[CO]2[O2] 
The reaction is extremely slow under typical ambient conditions, ineffectual for rapid 
CO removal en.wikipedia.org+15sciencedirect.com+15mdpi.com+15. 

• Catalytic oxidation: occurs on surfaces like platinum, palladium, or rhodium. 
Mechanisms such as the Langmuir–Hinshelwood route involve adsorbed CO and O₂ 
reacting to form CO₂, which then desorbs (1), dramatically speeding up conversion 
rates. 
 

3. Natural Oxidation in the Air 

In atmospheric conditions without catalysts: 
• Extremely low reaction rates (k ≈ 5 L² mol⁻² min⁻¹, as measured in solution). 
• CO persists for extended periods, posing toxic risks near emission sources like 

generators. 
 

https://www.sciencedirect.com/topics/engineering/hydrotreated-vegetable-oil?utm_source=chatgpt.com


 

2 
 

Conclusion: Natural oxidation is ineffective for immediate CO removal; catalytic intervention is 
essential in exhaust systems. 
 
4. Catalytic Converters: Speeding Up the Reaction 
Exhaust catalysts are vital to prevent CO release into the environment. 
4.1 Common Catalysts: 

• Platinum, palladium, or rhodium (3-way catalysts). 
• Alternatives: gold nanoparticles on oxide supports (e.g., MgO), offering high efficiency 

even at moderate temperatures. 
4.2 Kinetic Performance: 

• Turnover frequencies up to ~0.1 s⁻¹; activation energies range from 14 to 138 kJ/mol . 
• Diesel oxidation catalysts (DOCs) typically achieve ~90%+ CO conversion during 

normal operating conditions. (2) 
 
5. CO₂ Emissions from Diesel Generators 
5.1 Tailpipe Emissions (Diesel) 

• Approx. 2.6 kg of CO₂ per litre of diesel combusted breedongroup.com. 
• CO emissions depend on combustion completeness and engine temperature. Cold 

engines emit more CO due to incomplete oxidation. 
5.2 The Role of Catalysts 

• The catalyst transforms residual CO into CO₂, averting the release of toxic CO. 
• Efficiency relies on proper catalyst operation and suitable exhaust temperatures. 

 

 

Catalytic Convertor will reduce CO 
 

 
 
 
 
 

https://www.breedongroup.com/sustainability/case-studies/planet/2025/trialling-the-use-of-hvo?utm_source=chatgpt.com
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6. Switching to Hydrotreated Vegetable Oil (HVO) 
HVO is a paraffinic, drop-in renewable diesel replacement produced by hydrogenating 
vegetable oils or waste fats 
government.nlbreedongroup.com+15sciencedirect.com+15beesleyfuels.co.uk+15. 
6.1 Clean Combustion Profile 

• Engine CO emissions drop by 40–60% due to HVO’s high cetane number (70–90) and 
clean-burning hydrocarbons hvoexpert.co.uk+1crownoil.co.uk+1. 

• CO, hydrocarbons, and particulate emissions are all substantially lower than with fossil 
diesel reddit.com. 

• For example, a V6 engine showed up to 45% drop in smoke and CO. 
6.2 Impact on CO → CO₂ Conversion 

• Uncatalysed reaction: fundamentally unchanged in physics. 
• Catalytic conversion: contaminants are lower in HVO exhaust, which helps maintain 

catalyst effectiveness and CO conversion rates. 
6.3 CO₂ Emissions: Tailpipe and Lifecycle 

• Tailpipe CO₂ slightly lower (≈4%) with pure HVO vs. diesel hvoexpert.co.uk. 
• Lifecycle CO₂e reductions range from 75%–90%, or up to 98% with waste-based HVO 

hvoexpert.co.uk—for example, the UK’s HS2 project achieved ~98% life-cycle reduction 
reddit.com+5vsl.com+5reddit.com+5. 

6.4 Fuel Efficiency & Engine Performance 
• Slight increase in fuel volume (≈3–5%) due to lower energy density 

en.wikipedia.org+7sciencedirect.com+7mdpi.com+7. 
• Overall engine performance: no major negative effects; in many cases, performance is 

improved during cold starts and under varied load crownoil.co.uk. 
 

 

7. Practical Considerations for Diesel Generators 
7.1 Before Catalyst 

• CO emissions are inherently lower with HVO, reducing catalyst burden. 
7.2 With Catalyst 

• Cleaner exhaust enhances conversion efficiency and extends catalyst life. 
7.3 Engine & Infrastructure 

• HVO is fully compatible with EN15940/EN590 engines, Rehlko, Volvo, Scania, 
Rolls-Royce MTU engines and other EU Stage V diesel engines are approved for HVO 
use without modifications reddit.com+14sciencedirect.com+14government.nl+14. 

• Storage benefits include up to ten-year shelf life without degradation 
crownoil.co.uk+1beesleyfuels.co.uk+1. Check with engine manufacturer 

7.4 Cost & Availability 
• HVO costs 10–30% more per litre than diesel 

beesleyfuels.co.uk+3argentfuels.com+3breedongroup.com+3. 
• Availability is expanding but still limited especially at public pumps route-

one.net+6crownoil.co.uk+6reddit.com+6. 

https://www.government.nl/topics/climate-change/documents/reports/2025/03/06/effects-of-hvo-on-pollutant-emissions-of-stage-v-non-road-diesel-engines?utm_source=chatgpt.com
https://www.sciencedirect.com/topics/engineering/hydrotreated-vegetable-oil?utm_source=chatgpt.com
https://hvoexpert.co.uk/how-hvo-fuel-is-made/?utm_source=chatgpt.com
https://www.reddit.com/r/Futurology/comments/xme5ov?utm_source=chatgpt.com
https://hvoexpert.co.uk/how-hvo-fuel-is-made/?utm_source=chatgpt.com
https://hvoexpert.co.uk/how-hvo-fuel-is-made/?utm_source=chatgpt.com
https://vsl.com/hydrotreated-vegetable-oil/?utm_source=chatgpt.com
https://www.sciencedirect.com/topics/engineering/hydrotreated-vegetable-oil?utm_source=chatgpt.com
https://www.crownoil.co.uk/environment/hvo-fuel-problems-dismissed/?utm_source=chatgpt.com
https://www.sciencedirect.com/topics/engineering/hydrotreated-vegetable-oil?utm_source=chatgpt.com
https://www.crownoil.co.uk/environment/hvo-fuel-problems-dismissed/?utm_source=chatgpt.com
https://www.argentfuels.com/exploring-hvo-fuel-vs-biodiesel/?utm_source=chatgpt.com
https://www.crownoil.co.uk/environment/hvo-fuel-problems-dismissed/?utm_source=chatgpt.com
https://www.crownoil.co.uk/environment/hvo-fuel-problems-dismissed/?utm_source=chatgpt.com
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8. Why CO → CO₂ Conversion Still Matters—Even with HVO 

• CO remains toxic at low concentrations; efficient catalytic conversion keeps public and 
operator exposure minimal. 

• Using HVO reduces CO for two reasons: inherently lower engine-out CO and more, 
effective catalyst action. 

 
9. Regulatory and Environmental Impacts 

• UK incentives (e.g., RTFO, RFAS, ISO/ISCC certification) support HVO use for 
greenhouse reduction argentfuels.com+2hvoexpert.co.uk+2crownoil.co.uk+2. 

• Meets Euro Stage V emission norms, with engine-maker approval. 
• Generates carbon credits and helps targets for net-zero compliance in industrial, 

transport, and energy sectors. 
 
10. Conclusion: Bringing It All Together 
10.1 Unchanged Reaction Framework 
The oxidation reaction 2CO + O₂ → 2CO₂ remains unchanged chemically across fuel types. 
10.2 HVO's Emission Advantages 

• Lower CO emissions during combustion. 
• Efficient catalytic conversion, leading to fewer toxic and climate pollutants. 

10.3 Massive CO₂ Lifecycle Reductions 
• Up to 90% lower lifecycle CO₂e versus diesel. 
• Tailpipe CO₂ is slightly lower; the real benefit is in production and feedstock cycles. 

10.4 Practical Benefits 
• No engine modification required. 
• Maintains or improves performance and cold-start reliability. 
• Compatible with emission regulations and climate initiatives. 

Aspect Diesel HVO 

Engine-out CO emissions Baseline 
−40–60% lower (reddit.com, 
hvoexpert.co.uk) 

Catalytic CO → CO₂ 
conversion 

~90% efficiency 
At least equivalent; benefiting from cleaner 
exhaust 

Tailpipe CO₂ Baseline ~4% lower  

Lifecycle CO₂e Baseline −75–98% depending on feedstock  

Fuel efficiency (volume) Baseline −3–5% due to density  

Engine compatibility EN590 engines 
Drop-in; EN15940 standard, certified by 
OEMs 

Cost premium per litre Baseline +10–30%  

CO₂ credit frameworks 
UK RTFO, EU 
standards 

Fully eligible; traceable & certified  

https://hvoexpert.co.uk/how-hvo-fuel-is-made/?utm_source=chatgpt.com
https://www.reddit.com/r/RYCEY/comments/yd84lp?utm_source=chatgpt.com
https://hvoexpert.co.uk/how-hvo-fuel-is-made/?utm_source=chatgpt.com
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Notes and Glossary 

(1) Desorb - cause the release of (an adsorbed substance) from a surface 
(2) This occurs once the catalyst reaches optimum operating temperature 
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