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Our skills

EXOES is an engineering company providing its customers with:

Effective Isentropic Efficiency [%]
Fluid : EtOH 95.5% 5 |
Outlet Pressure =1 barA
Overheat = 30°C
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Experiencedn demo-vehicles

References: S ,
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Demotruck:

A EXOERenaukTrucksand Faurecia
A a 2year program

A Waste heat recovery

A Integration of anEXOE8xpander

A Real life driving and roller test bench
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|Isthere a business case x
for WHR on londhaul trucks ? O
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Exhaustheat recoverytypical layout

U Heavycommercialvehiclesg typicalclass3 truck
U Focuson exhaustheatrecoveryonly

U Ethanolbasedworkingmedia 1: Mainradiator

2. ICE

3: After-treatment

| 4. Exhausbypassvalve
i 5: Exhausevaporator
6: ExpandeBypassralve
7: EVE Expander

8: Condenser

9: Filter

10: Feedpump

11: Coolingpump

12: Expansiorvessel
13: Control valve
i dbecontrolled
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Challenges for the ORC

U Ethanolbottoming Rankinecyclesare facingthe following challengedo enter OEMdevelopmentprograms

U _Safetycase
U Flammableworkingfluid
U Extensiveiskanalysiglone by TUVSUD FPTfor IVECO
U Systensupplieror OEMresponsibility

17 :
U Businessase

| U Ratiocost/ benefit
l U Provethe fuel savings
: U Reducghe componentandintegrationcosts

U Durability case
U Provethe componentreliability
U Alcoholatecorrosion
U Fluidageing lubricantand ethanolbreakdown
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Targetcostof the system

U Linkbetweenpaybackime, fuel savingand systemcost

Sales price of the ORC system fo2-gear
payback assuming 3% fuel saving

€4.000 P EeS
C(\\(\ /?’\)(0
8 PSSt
S < .- “ . .
§€3'000 _ / U Assumptions
I R
" o> - . Euope USA China Unit
& €2.000 S | Mileage 130,000 110,000 150,000 kmly
s DUER 1 o065 08 el
® : Current fuel prices _ 35 a4 35¢  L/100km
€1.000 | |
Fuel pricee/L *: projected in 2025 with new regulation implementation
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Our costingmethod

U Costingmethod appliedby Exoessupportedby externalcostkillers

. Valorized Expander BoM Cost breakdown of Expander sales cost
= 9% 4 ———  m% cost per part - u Profit Tier 2
é gx : I % cost per part number I I I I I I I TNRC amort |
5 5% - SG8ATier2
S 5% - E Buildings, Utilities & |
g 4% - e Maintenance
o 3% i | # Labor
g [ | 1R m—_ A gz |
o Mol
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Part number
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Manufacturingscheme

U Salesscenario

. lvyil v2 |l Y3 | Y4 | Y5 | VY6 | Y7 | Y8 |

Sa'(i?] ﬁ’;r) =+ 5000 10000 15000 25000 32500 42500 52500 67 500

Sl 5000 15000 30000 55000 87 500 130 000 182 500 250 000

(units)

U Relativelylow volumes It impliesaslittle investmentaspossible
U 100%buy strategy(Tierls buy partsanda 2 Yy dsgembleshem)
U Nofully-automatedassemblyines
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Built-up of avalorizedBoM

U AvalorizedBillof-Materials
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Built-up of the systencost

| Componemsalesprice: _

U Systemsalesprice;

U sumof componentst OEMmargin(+80%)
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Exoes pistorexpandertechnology

U EVET2: Singleactingswashplategechnologyg 3 pistons
U Inlet poppetvalves.andexhaustports andvalves
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Expander Datasheet

s 186mm .
Speed range 1,000- 4,530 RPM e N e —
Shaft power range <12 kW 11 E]‘Eﬁ —=
Eff. Is. efficiency range  Typ. 55 65% E i {EE%? z
Size <D200xL200mm 5 SN UM ij_
Weight without coupling 15kg e — Ei%—?_— ——
Qil circulation rate Typ 10% —
Outlet pressures 1 - 4barA
Inlet pressures <40barA
Nominalpressure ratio 15¢ 20 forethanol
Nominalgear ratio 1.5¢ 2.5 for trucks
Transmission Freewheel
Bypass valve Integrated
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Expandertests and model calibration

Effective Isentropic Efficienapneasured* vs calculated

2 70
S 65 // —
§ .§ 60 /// —y=+5%
@93 v
T C 55 / _y:_5%
& 5 50 = _
Rl /// —
S 40—
40 50 60 70
Measured Isentropic Efficien¢3o]
Effective Isentropic Efficiencyomparison
@ 2000rpm LbarAoutlet, 30°C superheat
. 65%
- e Effective isentropic efficiency:
0 55% - —
) / \\
¥ 50% 7 — TN«
T 45% l ‘ = I | Ofiav
40%

5 10 15 20 25 30 35 40
Pressure ratio-|

*Measured = calculated based on measured values
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Future expandergeneration

U CompliantScroll¢ Volumeratio 4.6 ¢ Capacityl 39%cm?

|-

I

Bl B2

B4
_g;- EVET2- piston EVET3- scroll
- Speed range (RPM)  1,000- 4,530 1,000¢ 6,000

Shaft power range <12 kW <15 kW
Eff. Is. efficiency range Typ. 55 65% Typ. 60- 75%
Size <D200xL200mm <D200xL130mm
Weight w/o coupling 15kg 16kg
Oilcirculation rate Typ 10% Typ 5%
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Efficiency& costforecast

U Higherefficiencyexpected Efficiencycomparison with Ethanol 95.5%mass
@ 2000rpm, 1bar outlet, 3C superheatfVET1land T2)

(I Projectedcostfor 50,000 pcs/year @ 3600rpm, 1bar outlet, 2C superheat (EVE3)

U 350 +50¢ soldto OEM

70%

65%
g 60%
230 =
" 5506
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- § 50%
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ﬁfs 40% -
L 5 10 15 20 25 30 35

130 Pressure ratio]
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Pump design and cost (O)
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Pump Datasheet

PHPRT1
Speed range 750¢ 6,000 RPM
Max flow 7 L/min
Fluid Ethanol¢ Water mixtures o
Size D100mm x L200mm N 4
Weight <5 kg Case Seal Drive Shaft
Requiredsubcooling ~5°C
Inlet pressure 1 ¢ 4 barA Mounting Flange
Outlet pressure <40barA Pressure Port

24Vdc Electrienotor integrated
CommunicationCAN

Filter
Other options: Relief valve
Pressure &emperaturesensors

Optional : motor
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Estimatedsystemprice

U Estimatedsalesprice: 2,700 (£ 300¢)

OEM; 44%

U Someassumptions
U ExhaustWVHR(No EGRecovery)
U Radiatorcarriedover ECU, harness.&
U Mechanicafeed pump sensors; 3%
U Mechanicakouplingof expander
U OEMcostsand profit = 80%of componentscosts
U ~50,000unit/year; 250,000 units over 8 years Feed pump; 2%

Exhaust bypas
valve; 3%

Condenser; 4¢

Cooling pump

Control valve: 1% 1%

Fluids; 1% \-Tank system; 3% - Piping; 3%

= X, O = = STRICTLPRIVATE ANGONFIDENTIAL2017 - EXOES PROPERTY



