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Backg ro und
Chang e s in  m o b ility, e ne rg y syste m s and  p o w e r g e ne ra t io n
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Which  ro le  fo r IC Eng ine s?
HEV, PHEV, EREV Ge nse ts

• Efficiency increase  (~50%)
• Multi-fue l op e ration
• Near-ze ro  emissions
• Red uced  numb er of p arts
• Fast re sp onse , integ ration in 

comp lex systems

Evo lving  the  IC Eng ine  co nce p t?

Microgrid



The  fre e -p isto n line a r g e ne ra to r (FPLG)
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Evolution of the  inte rnal comb ustion e ng ine conce p t:
- Crankshaft me chanism re p lace d b y linear g e ne rator
- Ele ctricity d ire ctly p rod uce d from the  p iston motion

Re actio n  
cham b e r

Line a r 
g e ne ra to r

Gas sp ring



FPLG vs Co nve ntio na l IC Eng ine s
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Ad vantag e s
- Hig he r Glob al Ele ctric Efficie ncy
- Re d uce d numb e r of p arts
- Limite d  maintainance
- Multi-fue l op e ration
- Dire ct e le ctricity g e ne ration
- Mod ular d e sig n

Draw b acks
- Piston motion contro l
- Te chnolog y maturity
- Lub rication and  cooling
- O p e ration stab ility
- Cost
- Noise -vib ration
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Co nce p t 
p a te nte d b y 

Pe sca ra

Ind ustria l 
ap p lica tio ns
Comp re ssor

Gas Ge ne rator in 
Gas turb ine  cycle

Re se a rch
re sta rte d
FPLG as

p rop ulsion
syste m for HEV

Pro to typ e s
SANDIA (HCCI)

DLR (SI )
Toyota (SI)

Co m m e rcia l 
ap p lica tio n
Mainsp ring

Ene rg y (200 kW) 
for p owe r 

g e ne ration
1000 units/year



FPLG to d ay
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Em e rg ing  so lu t io n  fo r sta t io na ry p o w e r g e ne ra t io n
• Comme rcially availab le , se rie s p rod uction;
• O p p ose d  p iston unit, op e rating  with HCCI d ilute d  comb ustion;
• Multi-fue l;
• Mod ular;
• Hig h e fficie ncy (46%), near ze ro  e missions;
• Curre nt ap p lications: Ind ustrial, Healthcare , Biog as, EV charg ing , Data Ce nte r, 

Utilitie s & IPP, Ene rg y Infrastructure .



FPLG re se a rch  and  cha lle ng e s
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O ng o ing  re se a rch

• Use  of alte rnative  fue ls (hyd rog e n, ammonia, me thanol)
• Contro l
• Comb ustion syste m
• Config uration (sing le  p iston vs op p ose d -p iston)
• Mob ility ap p lications
• Main contrib utors (from 2015): Be ijing  Institute  of Te chnolog y, 

Unive rsity Te knolog y Pe tronas, Chine se  Acad e my of Scie nce s, 
Ne wcastle  Unive rsity 

Cha lle ng e s

So urce : DLR
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FPLG re se a rch  in  Ita ly

8

• Friend ly co llab oration (started  in 
2020) involving  ICE Group  and  
Electrical Section;

• Integ rate d  mod e l d eve lop ment 
and  valid ation:
 Thermal eng ine  (0D);
 Electrical system (Simulink).

• 4 MSc the se s;

• 1 p ub lished  p ap e r.

• Fund ed  b y MUR focused  on 
fund amental stud ie s of FPLG 
op e ration:

 Comb ustion system 
mod e ling  (1D and  CFD)

 Linear g ene rator 
characte rization and  
mod e ling  

• Ad vanced  mod e lling  of 
e le ctromag ne tic g ene rator

• Desig n of a p ro to typ e  FLPG

• Case  stud y analysis o f FLPG as 
rang e  extend e r ap p lication in 
road  and  off-road  heavy-d uty 
vehicle s



Why th is w o rksho p ?
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• Pre se nting  the  FPLG ong oing  activitie s in Italy:
 Ing . Giancarlo  De llora – STC;
 STEMS, Polite cnico d i Milano, Polite cnico d i Torino  – Flex-Ge n Pro je ct;
 Polite cnico d i Milano;
 Unisannio – Fre e -Most p ro je ct.

• Und e rstand ing  if FPLG is an op p ortunity for Italy in an op e n-d iscussion:
 Re search exce lle nce s in IC e ng ine s and  e le ctric machine s;
 Uniq ue  cap ab ilitie s for fast d e ve lop me nt of p ro to typ e s and  comp one nts;
 Availab ility of b iofue ls (b iog as, HVO );
 Re le vant re ne wab le  share  in e le ctricity p rod uction;
 Smooth transition toward s e le ctrification.



• Found e d  in 2021 b y ICE Group

• Ind ustrialization of ICE Group  
innovative  nume rical mod e ls

• Ap p lication of d e ve lop e d  too ls in 
d iffe re nt areas

• Involving  e nte rp rising , valuab le , 
motivate d  and  skille d  stud e nts (MSc 

and  PhD) 

• Attracting  inve stme nts from inte re ste d  
e ntre p re ne urs

www.sursum-mi.com
http s:/ /www.linke d in.com/comp any/7610972710

1D 3D

Services/Engineering

3D

http://www.sursum-mi.com/
https://www.linkedin.com/company/76109727
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