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A ESLONCINM coMPANY

Costruzioni Motori Diesel is a dynamic, goal-oriented engineering company
offering a complete range of services

within the internal combustion engine industry



Business Units - Products & Applications

CMD has operated on the market since 1971 providing a full range of
engineering, production & commercial services “from concept to market”

“ Machining Parts Energy R&D Project

oEngine blocks eAerogest e ECU (gasoline/diesel) - HW, SW

. : eCylinder heads eTrigenerator o ECU. box
¢ Marine Propulsion eAvio SeB e Engine Management

* Hybrid Engines «Turbohydrogen e Engine design and development
e Aeronautic Engines *Camshafts «Microcogeneration e Ecu data reader

SOl *Range Extender * Harness
* Up to 300 Hp eGear box e Calibration

* Diesel Engines

eAutomotive Engines

eSpecial Parts




CMD within a NETWORK:
Global Engineering Support and Main Clients
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CMD today

Via Pacinotti 2
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Bio-energy plants in EU

In the present energy scenario, bio-energy plants fuelled with biomass are within
technologies strongly incentivized in the European Union (EU) to increase the energy
supply to remote districts by using locally available renewable sources.

# cHP®

# Electricity @

1-5 MW 2 5-20 MW © 20+ M O

Source: http://www.basisbioenergy.eu/basis-gis.html



Potential Bionergy scenario

Interesting is the implementation potential for bio-energy CHP in the 27 EU Member
States (MS) and in Italy, as well as the sales prospective scenario of mCHP systems
in the residential and SME & Collective sector until 2030

Bio-energy CHP potential analysis EU-27

Bio-energy CHP potential analysis in Italy
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Sales potential scenario of mMCHPs in the residential sector in EU
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CMD ECO20

BIOMASS

20 is a device
and thermal
process of
)f biomass.
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CMD ECO20 : general specifications

Nominal Electric Power
Nominal Thermal Power
Output voltage

Frequency

Mass flow rate biomass (kg/h)
Specific consumption (kg/kWh)
Volumetric flow rate syngas (Nm3/h)
Height

Width

Length

Weight

dB a7m

20 kWep
40 kWt

400 V

Three Phase 50 Hz

22

11

54

300 cm

180 cm

180 cm

1600 Kg

67dB




CMD ECO20 for a circular economy

Today ECO 20 processes wood chips, but aim of the company is the future use of biomasses
to be chosen from a big family of products or by-products of the wood and agro-food
industries.

Up to now more than 13 kind of biomasses were tested in several mixtures.

The handling systems are designed for biomass size category G30 and moisture content up
to 20%.
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CMD ECO20
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CMD ECO20: system layout
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CMD ECO20

Waste heat recovery for thermal energy generation

Portata acqua motore = 0.55I/s ca : -»> Utilizzatore
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CMD ECO20

Typical configuration for electrical and thermal energy supply

T=550-600°C

Heat exchanger

- -




CMD ECO20 System: experimental characterisation

Proximate and ultimate analyses of woodchip

Moisture Volatile Fixed Ash
Proximate analysis i
content Matter i
(% wiw d.b.) Carbon content %
13.74 78.69 20.80 0.51
Ultimate analysis C H O N 5 Cl
(% w/w d.b.) 46.60 508  47.76 0.04 0.015 0.009

The analysis of the syngas samples was performed by a gas chromatograph HP 5890 Series Il
using a capillary column PLOT CARBOXEN 1006 (30 m x 0.53 mm x 0.5 mm).

Syngas composition for 4 collected samples

Test1 | Test 2 | Test 3 | Test4 | Mean value
H: % 11.8 13.4 14.0 14.1 13.32
N: % 66.1 61.7 59.8 59.1 61.67
CO % 12.5 14.1 14.2 15.1 13.97
CH, % 1.0 1.2 1.5 1.5 1.3
CO; % 8.5 9.5 10.4 10.2 0.65
C:H; % 0.1 0.1 0.1 0.1 0.1




CMD ECO20 System: experimental characterisation

With reference to the thermal layout, 12 thermocouples were mounted to measure
temperature in various sections and to evaluate the thermal energy fluxes through the shell
and tube and plate heat exchangers, the radiator, the cooler and the engine

- User

Hotwater .
# : ﬁ
1

VALVOLA DI SICUREZZA
PRESSURE RELIEF VALVE

: Exchanger Jl
. ‘ Secondary circuit | h ) '
' O < G‘ Cold water

"""""" O —> Of—e—
SCARCO l_’ElIi —

DRAIN PLUG

F G346

I
?‘ML Exchanger

Reactor

LEGEND
® = Thenmocouple input - output exhaust gas side for shell and tube heat exchanger
water/exhaust gases (IK F in - TK Fout)

Engine

Radiator

GM VORTEC 3.0L

Exhaust gases

@ = Thenmocouple mnput - output secondary circuit water side for shell and tube heat
exchanger water / exhaust gazes (TK Ain - TK A out)

O= Thenmocouple water inlet secondary circuit in the heat exchanger plate (TK P in)

® = Themmocouple input - ocutput primary circuit water side of the mdiator
(TKRAD in - TK RAD out)

®-= Themmocouple input - output primary circuit water side of the engine
(TEMOT in - TKE MOT out)

= Thenmocouple input - output syngas into the cooler (TKIC in - TK IC out)

= Thenmocouple input reactor (TE FM)

Thermocouples type 12-K-600-114-1,5-21-3P2LD/X1295-1 Mad mineral insulation and

Digital thermometer (Two K-type) were used.
The accuracy of Digital thermometer in the range 0°C - 1000°C is + (0.4% reading value +2°C).



CMD ECO20 System: experimental characterisation

Temperatures in a typical campaign of measurements

550
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CMD ECO20 experimental characterisation

When the user’s temperature decreases, the Global Efficiency of CMD ECO 20 increases
because the Cold Gas Efficiency of the reactor and the Electric Efficiency of the engine
remain approximately constant while the Thermal Efficiency of the engine increases.

e The effect of different
\ users’ condition on

. \ electrical and thermal

o0 b - : efficiency was investigated.

X % .
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CMD ECO20 System: experimental investigation

In conclusion, on the basis of the performed measurements, the overall energy balance of
the system was derived as reported in the Sankey diagramm of Figure below (case d).

Input Biomass gasifier [WW]: 104.05

- Input Alr gasfier [KW]: 15.28

E Loss Heat [kWW]: 30.43

E Loss Water [Kuljm2501

E Loss Char [kéjetsBir

E Loss Tar [KW: 8.07

E Loss Ashjkife2:a8

E Syngas sensible [KWE 0.36

P exhaust gas available: 15.53

P Jack water engine [kW]: 31.23

P Cooling water engine [kW]: 40.45

P Lo

P Heating water engine obtained into

P Loss engine kit

Pel [KWW]: 14.00

P drying [kiN}: 2:43

P Shell & Tube HE [kW]: 7.65 -

P Loss exhaust gas [kW]: 5.45

P Plate HE [lW]: 27.32 .

P Radiator [kW]: 4.07

=5 cooling water engine in Plate"HE [kKWW]: 2.08

the cooler [KW]: 8.21




CMD ECO20 System: numerical model

A 1D phenomenological model of the gasifier was developed and validated on experiments

MATLAB ALGORITHM
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Conclusions (1)
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Conclusions (2)

After improvements
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Conclusions (3)

Work hypothesis:

» Avarage production Pel = 15 kWe and Pth = 35 kWth;

» Cost of investiment 100’000 €;

» Operating time 6500 h/year;

»Woodchip requirement 22 kg/h;

»On the basis of Italian incentive, revenue 0.247 €/kWhel
(DM 6 luglio 2012 and DM 23 giugno 2016);

» Self-consumption thermal energy produced (100%);

» Return Of Investiment 5 years.
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Conclusions (4)

I —————————
Though the system is in a first phase of development research, it is ready to be marketed.
The system installation has several advantages, including:

- to be used in mountain and rural areas where electrical supply is difficult;
- modular units (2 units can produce 40 kWe and 80 kWth);

- different types of biomass can be exploited.
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