
Substitute fuel wood pellets: Modern 
wood firing for steam locomotives
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Wood instead of coal?
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Wood instead of coal?

Calorific value ratio (mass): 1,75

Calorific value ratio (volume): approx. 2 

→ Range halved 
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Test loco „Niedersachsen“

- Henschel Bismarck

- H= 83 m²  (893 sq ft heating surface)

- R= 1,6 m² (17,2 sq ft grate area)

- ṁ= 4,7 t/h

- Pi= 400 HPi 

- Qfurnace > 5 MW 4



Instrumentation
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Comparative measurements 
Stationary test coal firing heating surface loads 38 & 55 kg/m²h and 

comparison run with brake locomotive

Test run:
v= 30 km/h
ε= ca. 32 % (real cut off)
psc= 7 bar
 nominal boiler output (BH= 
57 kg/m²h)
Pe= 210 kWe/ 285 HPe
Pi= 240 kWe/ 325 HPi
→ 81 % of ratet performance
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Conversion of the furnace
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The first pellet fire
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Burning behaviour

End of trip
After 1 h break

1 minute after refilling

3 minutes after refilling 9



Test runs
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Test runs
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Train weight 452 t (without loco). Temporary smoke before the optimisations. 



Optimisations 

- Special grate

- Laval blower jets

- Brick arch/ secondary air distrubution
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Results
For Pi= 240 kWi/ nominal boiler output:

- Coal: 431 kg/m²h (4,627 kg/sq ft h) | 11.5 kg/min  | 3.5 shovels/min

- Pellets: 600 kg/m²h (6,456 kg/sq ft h) | 16 kg/min | 5 shovels/min

→ Ratio 1,4 at test run (1,5 at stationary test) / CV 1,75)

→ Boiler efficiency significantly higher (hardly any loss due to unburnt fuel)!

- Exhaust gas temperature higher and more even (better superheating)

→ Better overall efficiency at high output (ɳi approx. 5 %)
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Results 
- About 1,300 km on 21 days

- No problems with flying sparks 
even in very dry conditions

Heritage runs with low load:
- approx. 15 kg/km | 2.3 shovels/min
- Efficiency worse than with high load 
- On average 1.5 x higher consumption
→  Operating range reduced by 40 %
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Overview
Disadvantages:

- More frequent firing, less time for track observation (with 
manual firing)

- Range reduced

- Firing requires more attention of the fireman

- Fuel must be stored in a dry place

- Smell of poor combustion is more unpleasant than with 
coal

- Requires (manageable) conversion work

Advantages:

- Future-proof, readily available and environmentally friendly 
fuel

- Normally very stable in price

- No coal dust, cab and staff remain clean

- Almost smoke-free combustion if operated correctly

- Almost no cinder emission, train has to be cleaned much 
less often

- Ash content < 0.7 %, very little combustion residue, no 
clinker formation

- Ash is not hazardous waste, can be used as fertilizer

- Boiler tubes and walls remain clean

- Compared to coal, practically sulphur-free fuel (gentle on 
materials)

- Power can be adjusted very quickly

- With a well-insulated boiler, there is no need to rest fire 
(relighting is very quick)

- Improved efficiency at high output

- Firing with solid fuel is retained



Perspective

- Most favourable steam locomotive fuel, even in the long term

- Large steam locomotive with mechanical firing?

- Larger pellets relieve the fire man noticeably (manual firing)16



Summary
- Pellets can generally be used as fuel for all locomotive 

sizes/ power ratings -> proven in practice

- Especially for medium tank locomotives with medium to 
high performance requirements (little adaptation effort)

- For low requirements/ small locomotives: Logs/wood 
briquettes (secondary air!)

- High performance/ large locomotives: Mechanical stoker

- Operating environment must fit or be adapted
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Thank you!
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