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The Greenhouse Effect

3 some solar radiation is 6 Some of the infrared

reflected by the atmosphere radiation passes through
and earth’s surface the atmosphere and is

lost in space

Net outgoing infrared radiation:
240 Watt per m?

greenhouse gas molecules. The
direct effect is the warming of the
earth’s surface and the troposphere.

2 Net incoming solar radiation:
240 Watt per m?

S Surface gains more heat and
______infrared radiation is em i

Sources: Okanagan university college in Canada, Department of geography, University of Oxford, school of geography; United States Environmental Protection Agency (EPA),
Washington; Climate change 1995, The science of climate change, contribution of working group 1 to the second assessment report of the intergovemmental panel on climate change,
UNEP and WMO, Cambridge university press, 1996.
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World Population & Energy Demand Growth

Eﬁi = :Fﬁ 3 == 7in - e ) =
PWlllaﬁun (B""ons’ Enefgv Consumpﬂon (ﬂbtlllyr) 66 %fﬁ%aﬁﬁ% éﬁmxéﬁﬁﬁﬁ ERKE  EEIEFES
12 -7 1,400 [—2008=EEE|
—— 20095 EHE |
10 —+ +1,200 —— 20105 EHE|
+1,000
8 —
World -- 800
B Population
/" World Energy 600
4 4 Consumption
+400
2 - Population of 4200
___Indusrialized Countres |
0 — ; ; ; 0 30000
1900 1950 2000 2050 2100 2009 2014 2019 2024 2029

Pepulation Prejections: Uaited NaSons “Loaq-Raege World Pepuiation Pregecclions: Basad on the 1998 Revision™
Ersrgy Projpcsons: “Glodal Esemy Persgectives™ ITASA / WEC

12



)

CL - Crude Oil WTI - Monthly OHLC Chart
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Global Temperature vs Climate Forcings

== Sum of Climate Forcings

= Global Temperature

(degrees Celsius)

w
Global Temperature
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https://www.youtube.com/watch?v=ZQHa4ZibEaA
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CO, captured at oil sands
fadility, upgrader or
power plant
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Fuel Cell
FC
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_ Platinum
electrodes -

R NS = N \D 12
TERLR AR R

* Christian Friedrich SchOnbein, Chemist,
German, 1838

* William Robert Grove, Physicist, UK, 1839
 NASA’s applications since 1960
|

O2

Dilute
acd
electrolyte
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Efficiency
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& Slirling engings M PEM fugl cells
Inter el combuslion engines & Rankine-ycle engines
& Solid axide fuel e=lls — FReference shawing 85
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SOFC

Solid Oxide
(SOFC)
1000°C

PEMFC

Product Gases
Residual Fuel

Product Gases
Residual Oxidant

- |

Anode Electrolyte Cathode
({ion conductor)




SOFC ¥ % 1 %

Tubular Solid Oxide Fuel Cell

Interconnection

Electrolyte
Air , Pt - &
Electrode SV ¥ A
Air
Flow //// i\
Fuel Electrode 4

Quelle Siemens Westinghouse




SOFC 45 1§ %

end plate

Ni mesh
anode

electrolyte

cathode

Interconnect




SOFCT 47 % (-4

Verbindungsstiuck

Kathode

Elektrolyt

= Anode
Nachverbrennung

Verbindungsstick

Erdgas
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SOFC 7 #xk 45l
System Efficiencies for different fuels

SOFC Power Plants
Case El Eff. Cogen
% Eff %
NG or SNG 56 90

Biogas 54 86
50 % CHy50 % CO,
Methanol 54 90

DME - ° g 54 89
Ethanol 55 80

Ammonia 57 90
Diesel 40 90




SOFCH%" ~ Pv 8 ~ L5}

&AL
P B
RR T A
A B
ik :
MLE 222 e E10E
i:i;ﬁ FIeg Rt 0 4L E 5 kB AR
ORI W R MR







[ System Control & Power Management ]

Power

. Maximum
: Dynamic Model : : . .
Protection & [ y Building ] Control Box Fault Diagnosis Efficiency Monitoring Net
Conversion Point Tracking
Sswitchboard PRI — Hardware — Start up Weighting — Info App
— with Protection | IH Modelling & Layout Self-Detection Function for End User
Identification | [—Programming Real-time Design — Community
|| High-Efficiency ___ Mechanism Model Tracking Data Collector
Converter || Components Design L Reference/ Algorithm — General
High-Efficiency Modeling Process Data Center
| Inverter Reformer Diagnosis
Burner
Stack
— Controllers
Design

Orange: In progress
Green: in paper survey
Grey: brainstorming




Applications of SOFC systems

e Dispatch of output power
— Stand-alone
application

* Converting to AC
power from SOFC’s DC
power to loads directly

Power conditioner
(Corwverts DC into AC)

58 Sell power

to grid '

3—+——{Distribution panelboa

— Grid-tied application

- ol -
R A

* Merging power with ggmg cten )
grid and being "‘”ffﬂf% |
dispatched by a power
company uniformly ~

ENE-FARM project, “Tokyo Gas and Panasonic to Launch New Improved "Ene-Farm" Home Fuel Cell,” 2009

S0



Electrical Protection for Stacks

e Basic electrical protection

— Overload (overcurrent)
e Strategies: fuse, breaker, electromagnetic conductor

— Overvoltage/undervoltage
 Strategies: self-shutdown mechanism of DC/DC converter and

DC/AC inverter
— Inverse current
e Strategy: power diode

— Otherwise
* Transformer
e Optical coupler and relay




Electrical Protection Equivalents (1/2)

e L N C
[ 1
WSTEEAN, AR
’ A Lt
P T PR
()
Rel\ay/ Normal
Red open
Voltage [ | Current Voltage Light
Meter 1 Meter Meter 2 Green Normal
T T T+ Light closp
EMC [— o 3
? (E-Load) [T
Output A
Yellow
- Light (E-Load)
Shunt Power —o
4
50A | 2P50A Diode | Fuse 1 EMC |——
lo—— —T
o————W———T——h——on\0 T (Converter) ——T © 5
H 50A 50A
Output B
SOFC (Converter)
20 g O 6

 NFB (No Fuse Breaker): the first stage of
production which be switched manually only

* Diode: preventing against inverse current

 EMC (Electro Magnetic Connector): a
controllable switch flowing main current

* Fuse: preventing against overcurrent by melting
thin metal plate

* Option: capacitors/batteries being buffers,
storage and output-ripple filters

90



Electrical Protection Equivalents (2/2)

AC110V i
EMC-A1 Connected Without
i T T Power Supply
vnan o |SSRA]  RESIAID - §+NC
|
Command A © C MORW\LLY
Connected With | CLOSED
EMC-A2 Power Supply 'MMON : : '
AC110V : : | NORMALLY
. T T EMC-B1 Converter : : OPEN
NI  > I )
(DC to AC) EMC-B2 DC E-Load

Relay: it contains two sets of normal closed and normal open terminals connecting
each load. The switching mechanism guarantees that the operations of loads have

been staggered exclusively.

SSR (Solid State Relay): receiving NI CompactRIO’s commands to switch relay

The controller CompactRIO offers DC 5V to switch two SSRs via the analog output

module.

The control loop (signal level) has been isolated from the main circuit (power level)
by optical coupler, relay, and EMC.

Y



Devices of Power Conversion

— DC/DC converter

» Stepping voltage up and down
 Stabilizing voltage

* Smoothing waveform
e Qutput spec. for 1 kW SOFC: 24V, 48V, and 200 V

— DC/AC inverter
* Applying AC power to loads and grid

e Qutput spec.: 1 P 110V/220V
and 3 P 220V at 50/60 Hz




Devices of Power Conversion: DC/DC
Converter

* |t has alternated high current to high voltage to reduce power consumption
of loads and to improve efficiency simultaneously.

* Qutput voltage is adjustable for a variety of loads.
e Built-in output filter weakens harmonics and improves power quality.
e Additional power source for DC loads (battery)

* Topologies: /Essentialsofpowerelectronics: \
— Flyback ,

— Forward

— Push-pull

— Buck

— Boost

— Buck-boost

— Cuk

— Half-bridge
— Full-bridge k Capacitor, C Inductor, L Switch /

al



Features of Dedicated DC/DC Converter
for SOFC

» Boost » Half-bridge » Full-bridge

Vo
O

o e T
i} Ik T | |=hf o#j”

'_
L
o
=
=
=1
O

I I

0O O

Rising the output voltage level of SOFC system
Topologies which are suitable for 3 to 5 kW
Complexity, switching precision, cost
Trade-off between isolation and efficiency
Quality of output power

, Cooling
QU %

vV Vv Vv Vv Vv ©Y9




Devices of Power Conversion: DC/AC
Inverter

* Converting DC power to AC power
* Applications: Stand-alone and Grid-tied

 The quality of the output power meeting
power company’s protocol is necessary.

 Topologies:
— Half-Bridge
— Full-Bridge

3
Yoltage Woltage
¥ 3

@CD r—iLoad | /\ /\ /\ / tine
G Bl L MUYV

Representation of Visual Difference between DC and AC voltages

a9



High-Efficiency Power Electronics
Technique: Material

* The switching component MOSFET
— Silicon (Si)
— Silicon Carbide (SiC)

— Gallium Nitride (GaN) SOFC application

zone

|si__|sic__|GaN

Conduction loss higher Lower lower  _ 7
< :

Material Short Longer Middle 2= SIiC

developing time g 100K

Breakdown Lower Higher Higher & \/

voltage 5 K GaN
8 100

Switching Low Higher Higher S \

frequency

Manufacturing  Low Highest higher 0 a0 Kk Gkt
cost Operating Frequency (Hz)

44



High-Efficiency Power Electronics
Technique: Component

- Synchronous rectify
- Switch replaces diode

(Active component replaces passive one)

Ploss: R(ZmIs — VdIs

40 /
Svnchronous Rectifier

30
g
=
o

20 - ., % y

10 Diode Rectifier

0 | |

0 0.1 02 03 0.4 0 0.6 07
Vv
FIV]

- Resonant Zero Voltage/Current Switching

ZVS / ZCS Technology

CURRENT VOLTAGE

The Corsair AXi Series utilizes ZVS/ZCS Technology,
which minimizes switching power losses to increase
energy-efficiency and reduce EMI.

Switching Losses in Lesser PSUs

CURRENTY VOLTAGE

SWITCHING LOSSES (Vx 1)

/
/ \\

PSUs that utilize hard-switching lose efficiency due to
switching losses. The loss is the product of the
remaining current and voltage during switching.

1,
3L
—

MOSFET + C

ad



High-Efficiency Power Electronics
Technique: Topology

Three-Level Multiphase
* Double input voltage is bearable. ’ Mo.re switches share burdens in a
¢ Reducing harmonics period.

* |solation transformer can protect the
primary side, which enlarges the
voltage by Faraday's law of induction.

* High-frequency transformer has
smaller volume.

* Application in the treatment of High
power is available.

* Slowing switching frequency to
decrease consumption is allowed.
* Power factor is close to 1.

Active Load

. . T
L - o P T Great Switching precision is rquired.
Jo:— ™ U : | BEREBRER - f1 ™
o ' : ] Th 3iE |
51 || T2
I I 1 [T |
. il | s |HRFAAR e 1L




Self-Developed High-Efficiency DC/DC
Converter for 1 kW SOFC System of INER

Min 22 0 0
43 @ 4811
Max 43 95\/ 21

500 —+=Vin=40V
400 ——Pin

Max efficiency 97.2% @ 40V, 16 A
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