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Influence of Substrate and Salinity on Electricity
Production by Deep-Sea Strain Shewanella sp. DS1
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Abstract: The influences of substrate, concentration and salinity on electricity production in MFCs were
investigated. Deep-sea exoelectrogenic bacterium Shewanella sp. DS1 could not utilize acetate and glucose,
but could utilize lactate as substrate for current production. The optimal concentration of lactate was 5
mmol/L with a maximum voltage 200 mV, relevant power density 16.87 mW/m” and coulombic efficiency
(CE) 37.4%. With higher lactate concentration (i.e., 20 mmol/L), CE was reduced by 56.7% while the
maximum voltage not affected. Salinity tests showed that DS1 could produce current in a wide salinity range
(1-7% NaCl). Power density and CE firstly increased with the NaCl concentration, and then decreased with it.
A maximum voltage of 202 mV and a relevant power density of 17.21 mW/m* were achieved at optimal
NaCl concentration (3%). It seemed that DS1 has higher power and CE yields under high NaCl concentration
is probably because DS1 is an exoelectrogenic bacterium isolated from deep-sea sediment. DS1 has
potential application in high salinity wastewater treatment, such us dye wastewater, with some green
bio-electricity reclaimed.
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25%HE AT RV Ier= A0S 48.6% B EW AL, W
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AWFFER A E R MFC, B4 % A BH A% %4 400
mL [T, PTFE o e S B o S s il i
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em?®), A HIHIK KT Hy0(30%). #8417k, 0.5 mol/L
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Figure 1. Effect of carbon sources on electricity generation by
strain DS1.
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Figure 2. Electricity generation by DS1 using lactate as carbon
source at various concentrations.

2. DS1 FE FLERREE T AOBRIR = LRt

RAZT 50 h Faei)a, MFC JFiGr=E s,
AN TRV BE PR 56 328 2] U T e v - B PR TRDAS ], e e H

261

? Scientific

* Research

7

»
%

9

o

HE A RS R S5 B PRI FE A5G o AN R 9 B e 5t 7 H
fe e U AR A, Ui DS1 2R FLIR = b,
SEWR PR BEAR IR E R e 1 . IR
i, AR E P A AR, R BRIE AN T
FER R T AR, 1 O T RS, R
CE £k

2.3 [ NaCl¥% thfE e seid

TRHF R DS1 REAE 1-7% R 4 T AE K, IR
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Figure 3. Electricity generation by strain DS1 using different salt
concentration in MFCs.

3. AR NaC1% &4 T DS1 H=H.
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3. &ig

TR HL B Shewanella sp. DS1 ANGEF FH 45 2 b
5=, Ho]FHFLER MFC 7=l BRIGHREES
PRI RA K, (R ECRORE B .
T FLIRIK ) 5 mmol/L, N % & Hi s Al s 200
mV, PPHIIE 16.87 mW/m?, ESHEK 37.4%; 1HY
TRUEH FE R (20 mmol/L) FECRUR B 56.7% o

SRR = R A EL, DS RIFRZE = NaCl 3k
BER P HL, LB NaCl% BT, i B
AR 3% NaCl, F“HIHLK 202 mV, KI5
¥ 17.21 mW/m?.
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Low-Carbon Economy and Development on Biomass
Energy in China
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Abstract: In today under the pressure of global warming, with low power consumption, low emission, low
pollution-based "low-carbon economy", has become the main important issues. At present, China is still
developing in the stage of high energy consumption; low-carbon economy is the best choice to promote
economic development and protect the environment. However, it is the best way of low-carbon economy
development to exploit and apply renewable energy. Biomass is a clean low-carbon energy sources, it plays
an important role in the process of energy conservation and emission reduction and low-carbon economy
transition. The status and development on biomass energy is issued by low-carbon economy in the paper.

Keywords: low-carbon economy; energy conservation and emission reduction; biomass
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Application Potentiality of Heat Pipe Technology in
Hydroe Lectric Power Engineering
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College of water resource & hydropower, Sichuan University, Chengdu, P. R. China. 624401
Email: Taohanzhong@gmail.com, ssjxlq@163.com

Abstract: Two aspects are introduced for the application potentiality of heat pipe technology in hydroelectric
power engineering: cooling of hydroturbine-generating and foundation reinforcing of the hydroelectric power
engineering in cold areas. The conclusions are drew as following: for the cooling of hydroturbine-generating,
there are much application occasion for the heat pipe technology whatever patterns, such as air-cooling with
secondary circuit, embedded in the stator windings and rotor compounded with rotation heat pipes; the two
phase closed thermosyphon with the characteristics of unidirectional heat transfer will play a great part in
foundation reinforcing of the hydroelectric power engineering in cold areas. Based on the introduction in de-
tail the basic working principles and feature of the various relative heat pipes, the feasibility and advantage
are put forward in corresponding aspects in order to open up the application of heat pipe technology in hy-
droelectric power engineering.

Keywords: heat pipe; hydroelectric power; cooling; foundation reinforcing
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Figure 1 Work principle of separate heat pipe
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Study on Design Methods and Safety Level of Steel
Penstocks Codes for Hydropower Stations
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Abstract: This paper selected several representative penstocks codes of hydropower stations and pressure
Vessel Standards in China and foreign countries; analyzed and compared their different design methods and
corresponding safety levels. What are described can be taken as reference by the code revision of steel pen-

stocks for hydropower stations in China.

Keywords: hydropower station ;steel penstocks; code; design method; safety levels
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Numerical Simulation on Ventilation and Cooling of
Hydro-Generator

Zhang qunfeng’, Yan Jinli, Wang Min?, Chen Zhixiang?
1 School of a | Engineering and Architecture, Beijing Jiaotong University, Beijing, China
2 Zhejiang Fuchunjiang Hydropower Equipment Co. Ltd, Hangzhou, ,China

Email:zhangqunfeng@263.net

Abstract: The flow of dual radial ventilation system without fan for a hydro-generator was simulated with
parallel computing CFD code. The MRF(multiple implicit rotating frame) method and porous media model
were used, averaged 3D N-S equations and RNG k-g equations were solved. The flow characteristic of dif-
ferent parts was analyzed and the circulating flow flux was obtained. The air flow circulating flow flux was
set as inlet boundary condition on the flow channel combined by the rotor frame, magnetic yoke, pole and
stator. The conjugate heat transfer was simulated on the flow channel. The result shows that the heat transfer
coefficient on the windward side of the pole is larger than the heat transfer coefficient on the leeward side and
the temperature on the windward side is lower than the temperature on the on the leeward side.

Keywords: hydro-generator; ventilation; numerical simulation; conjugate heat transfer
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A novel MPPT method based on simple mathematical PV
model and load information for off-grid applications

Zhongyi He'?
'School of Electronic, Information and Electrical Engineering, Shanghai Jiao Tong University, China
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Abstract: To simplify the implementation of Maximum Power Point Tracking (MPPT) for off-grid solar ap-
plications, a novel control method via load parameters is proposed. The study is based on a simple and effec-
tive PV mathematical model in which the parameters are taken from photovoltaic (PV) module datasheet. The
monotonic relationship between PV output voltage and duty cycle of power switch in solar chargers with the
form of Buck and single-ended primary inductance converter (SEPIC) is revealed and made it feasible to imple-
ment MPPT control by combining battery charging power and power switch duty cycle variations. The distur-
bance step of duty cycle in perturb and observe (P&O) MPPT algorithm is determined according to the relation-
ship between battery charging power and duty cycle. The dynamic response of the proposed MPPT method is im-
proved by periodic state reset for MPPT control while only small disturbance step of duty cycle is required.
Simulation and experiment results are provided to evaluate the feasibility and validity of the proposed control.

Keywords: Photovoltaic (PV); maximum power point (MPP); maximum power point tracking (MPPT); per-
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turb and observe (P&O)

1 Introduction

Solar energy plays an important role in the utilization of
renewable energy sources due to its merits of cleanness,
safety, silence, and infinity!". Photovoltaic (PV) generation
has found its applications in both on-grid and off-grid sys-
tems. In on-grid applications, solar energy is transformed
by PV panels into electricity and delivered to utility grid
directly without the need of storing the electrical energy
into energy storage devices such as batteries as is the case
of off-grid applications. Maximum power point tracking
(MPPT) is an essential part for on-grid applications because
the power level is quite large and the output power of PV
arrays is subject to solar irradiation and temperature. MPPT
control is also required in more and more off-grid applica-
tions such as solar home system and rural electrification
with the continuously increasing power scale.

Many MPPT methods varying in complexity, sensors
required, convergence speed, cost, range of effectiveness,
implementation hardware, popularity, and in other respects
have been developed and implemented®”). The perturb and
observe (P&0O) MPPT algorithm is mostly used due to its
ease of implementation'®?.

In conventional P&O schemes, the output voltage and

281

current signals of PV panel should be sensed to calculate its
output power which is used to control the operating point
of PV panel to be the maximum power point (MPP). The
MPPT controller’s output voltage and current are moni-
tored anyway in the majority of off-grid solar applications
with battery backup. By decreasing the sensing and proc-
essing burden of the MPPT controller, the advantage of
simple circuitry and low cost will be obtained.

The MPPT control method based on load parameters
in [11-13] have proved the feasibility of the P&O MPPT
implementation via load parameters. However, the optimi-
zation of transient MPPT behavior has not been covered by
these literatures.

A novel MPPT method based on load parameters for
off-grid solar applications is proposed. By using a simple
and effective mathematical model of PV module deter-
mined by datasheet parameters, the MPPT implementation
for both Buck and single-ended primary inductance con-
verter (SEPIC) solar chargers in continuous current mode
(CCM) are analyzed. Methods to improve dynamic per-
formance of Buck charger are also proposed with the veri-

fication of experimental results.

2 Modeling of photovoltaic module

978-1-935068-17-4 © 2010 SciRes.
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In the conventional model of PV module as is
shown in Figure 1®®), the output characteristic shown in (1)
is determined by the expression of equivalent parameters

of PV module which are difficult to be measured.

RS
* AN\N——0
+ +
I
Iq Ish
I

SZ Ry, Vy V

— o

Figure 1. Equivalent circuit of PV module
q(V+IR,)
— AkT
I=1,-1I|e -1~

V+IR,
Rsh

)

where 7 and V are output current and voltage of PV mod-
ule respectively, /,;, is photovoltaic current, /; is reverse
saturation current of PV module at no irradiance, ¢ is unit
electric charge, A4 is diode performance coefficient, & is
Boltzmann constant, 7' is absolute temperature, R, is
equivalent serial resistor, and Ry, is shunt resistor.

A simple model of PV module is proposed in [10] in
which the parameters are available from the datasheet of
PV module. The effects on PV output characteristics by
both solar irradiance and temperature are included in this
mathematical model by introducing solar radiation and
temperature coefficients of PV output current and output
voltage, as can be seen from (2) to (4).

1.V 1
SI (14K, (T-25)] (ot Voc b
IZ u': l‘cil( ):|><1 e (2)
1000 -1
I-e?
V -V . —
Vo . — 1+ oc _max oc_min S Smax
B Vocimax Smax _Smin 3)
x[l+KtC*V(T—25)]><VocimaX
v 1
SVI_|1+K, (T-25 _ bV, b
p— sc|: tcit( )]Xl e (4)
1000 -1
l-e?

where S is solar radiation, S, and S, are high and low
solar radiation listed in the datasheet respectively, I, is

short circuit current under standard test condition (STC),
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K, ; is temperature coefficient of Iy, Ve max and Ve min
are high and low open circuit voltage listed in the data-
sheet respectively, K. , is temperature coefficient of V, ,
P is output power of PV module, and b is model fit pa-
rameter.

A simpler method to determine the fit parameter b
than that of the author proposed in [10] is to find the so-
lution for (5) which can be realized by MATLAB easily.

Vare | ey |1 (5)
b I/;Cimax bV¢7c7max b

where Vypp is the MPP voltage under STC. The fit pa-
rameter b is determined by the MPP voltage and open

circuit voltage under STC.

3 MPPT implementation employing load
parameters

The output current and voltage of PV module
should be sensed and calculated to obtain the PV output
power to maximize it in conventional MPPT algorithm.
In practical off-grid solar applications, the control objec-
tive is to maximize the power/energy flow delivered to
the load, e.g. energy storage. From this point of view, it
is reasonable to choose load power instead of PV power
as control parameter based on the fact that the power loss
of the charger converter is quite small. There is no need
to sense output current and voltage of PV module to im-
plement MPPT control with the benefit of reduced cir-
cuitry and cost.

As two typical topologies of charger, Buck and SE-
PIC converters are to be studied in the following sections
based on the PV mathematical model shown in (2) to (5).
SEPIC converter has the merits of non-inverting polarity,
easy-to-drive switch, and low input current pulsating for
high precise MPPT that makes its integral characteristics
suitable for the low power PV charger system!'*'®!.

By neglecting power loss of the charger stage, the

battery charging power can be expressed by

Viat 1
s ba g (14K, ,(T-25)] |_ #"w b
p=—M - x (6)
1000 1
l-e?b

where V), is battery voltage, M is the transform ratio of
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the charger converter, and P is the battery charging pow-
er calculated by battery voltage and charging current, and
these two signals are anyway required and sensed by the
charger controller. The relationships between M and duty
cycle D of power switch in CCM Buck and CCM SEPIC

charger are shown in (7) and (8), respectively.
M=D 7

D
M = b ®)
The monotonicity between M and D (and also V" and
D) in (7) and (8) facilitates the MPPT implementation via
battery voltage based on the fact that V7, changes
slightly during the control intervals. The rising/falling
slope shape discrimination of P/V characteristic curve is
obtained indirectly by combining battery charging power
and duty cycle variations, as is shown in Figure 2, where
the region of M > 1 is only applicable for SEPIC charger.
If P increases while M (D) decreases in Figure 2, the
operating point of PV module locates in the rising slope
of P/V curve definitely and P is approaching the MPP.
Therefore the M (D) should be also decreased in the next
control step.

40 8

7\ 1

35

\
30 \
\

\

.
L1
\
\

V (V)

Figure 2. Disturbance judgment by charging power and duty cycle

According to (6) to (8), the plots of P vs. D could be
obtained easily with other parameters already known.
However, the information of dP vs. dD is more useful to
implement MPPT control especially P&O algorithm be-
cause it determines the disturbance step of duty cycle D.

For Buck-based solar charger, the relationship be-
tween dP and dD is shown in (9).
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dP _ SISC |:1+Ktcii (T_ZS):| X@

dD -1 D?
1000{ 1—e?
)
L Vo
| 14 Lo Lo | o 0r by
b DV,
By substituting V,/D with V,
dP SISC[1+K,CJ.(T—25)] v,
- = X —=
dD -1 D?
1000| 1—e®
(10)
v
X 1+l>< v eb Vo e b—l
b o_c

For SEPIC-based solar charger, the relationship
between dP and dD is shown in (11).

ap Sl [1+K, ,(T-25)] o

dD -1 D2
1000| 1—e?
(11)
1 (17D)Vbat 1
=DV, | 55 o
X |:1+l><( DV) bat:|eb DV, . [;_1

By substituting V(1 — D)/D with V, (11) will be
the same as (10). It seems that the selecting criterion for
duty cycle disturbance step in Buck charger and SEPIC
charger is identical. Suppose there are two solar chargers
with the same parameters including M except for the to-
pologies, then

dp
dD

dP

<& (12)
Buck dbD

SEPIC
because the duty cycle in Buck converter is larger than
that of SEPIC converter.

From (12), the solar charger with SEPIC topology
has faster response than the Buck charger under identical
disturbance step of duty cycle. On the other hand, to de-
sign the SEPIC charger and Buck charger with the same
dynamic response, the former will demonstrate smaller
duty cycle oscillation near the MPP than the latter.

4 Dynamic performance improvement

In the solar charger with CCM, the slope shape dis-

978-1-935068-17-4 © 2010 SciRes.
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crimination of P/V curve is realized with the method in
Figure 2. Further study should be made for the solar
charger with discontinuous current mode (DCM) to ver-
ify the validity of the proposed MPPT control via battery
parameters.

For the Buck converter in DCM, when the power
switch is on,

— D(V -
IL max = V LVbat x DTS‘ = (VL Vbat )
/s

where ;. is the maximum inductor current, L is the

(13)

inductance of filter inductor, 7; and f; are switching pe-
riod and frequency of Buck converter, respectively.
When the power switch is off,

ILmax — Vbat XDVT*Y — DI/bat
L ) Lf,

where D'T is diode current duration time in DCM.

(14)

The average battery charging power P, is given by

DV (V-
Pchg = Vbatlbat = M
21f

N

(15)

where [, is the average battery charging current.

The relationship between battery charging power P
and PV output voltage V in (15) can be expressed as a
parabola, which is meaningful within the range from V},,
to V, .. The intersection of the parabola and P/V curve
shown in Figure 3 determines the operating point in
DCM. The P/V characteristic curve is derived from Sun-
tech off-grid solar panel STP010-12/Kb with 200 W/m*
and 25 °C condition by using the simple model described
in Section 2. There is also a monotonic relationship be-
tween V and D according to Figure 3 because the PV
output voltage corresponding to the intersection de-
creases with the increasing of duty cycle.

By substituting D in (15) with the value of V,/V,
the critical charging power P,,; to ensure continuous in-
ductor current is shown in (16). The operating point in
DCM is determined by the intersection of (16) and P/V
curve, as is shown in Figure 4.

o Vbzat(V_Vbat) (16)
o 2LfV
According to the P/V characteristic curve near V, ,

the asymptote is close to a straight line with the cross-

978-1-935068-17-4 © 2010 SciRes.
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over point of V, .. This will make it possible to obtain the
solution of the operating point in critical continuous cur-

rent mode. The asymptote is given in (17).

D=60%

w

s=zoow/m’,: T=25"C
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N
T
|
|
|
|
|
|
4
|
|
|
|
|
|
|
S
T
£
3
R
Peng (W)

|
|
|
|
|
|
| e e
|
|
v
1

10 15 20

o
T
|
|
|
|
|
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Figure 4. PV module operating point in critical continuous mode

b1 S [1+K, ;(T-25)]

b -1
1000{ 1—-e?®

By combining (16) and (17), the relationship be-

(=7, ) (7

tween PV output power and duty cycle in DCM can be
determined by Figure 5, where the PV model is almost
the same as that of Figure 3 except for five radiation lev-
els of 200 W/m?, 400 W/m’, 600 W/m’, 800 W/m’, and
1000 W/m®. P will change at least 0.05 W when D varies
only 0.01 under very low solar irradiance conditions.

To avoid PV output power failing to follow irradi-
ance increase promptly and track the true maximum
power point, periodic state reset for MPPT control is

proposed, as is shown in Figure 6. Conventional P&O
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method could get confused and track in wrong direction
during rapidly changing irradiance if the duty cycle dis-
turbance steps are not large enough. This happens when
the change in solar irradiance between two MPPT sam-
pling instances causes larger power change than that
caused by the duty cycle modification of the MPPTY.. In
this case, the algorithm is unable to decide whether the
change in power is caused by its own duty cycle distur-
bance or by the change in irradiance. By resetting MPPT
state periodically, the correct disturbance direction is
guaranteed. Each time the MPPT control state is reset,

the duty cycle modification ADy is added to the previous

Figure S. Relationship between PV output power and duty cycle

Determine AD’s according
to different duty cycle range

ADo=AD+>AD,

Peng(k=1)=Peng(K),
update Peng(k)=Vhat(k)Xlbat(k)

}_N,{

Reset first time
MPPT flag and timing

First time
MPPT?

Timing for reset first
time MPPT flag?

=

N
Y
N
Y e
‘ D=D+AD, ‘ ‘ D=D-AD; ‘ ‘ D=D-AD; ‘ ‘ D=D+AD, ‘
‘ D inc flag ‘ ‘ D dec flag ‘ ‘ D dec flag ‘ ‘ D inc flag ‘

Figure 6. Control flow of proposed P&O method

285

7

% Scientific
% Research

»
%

9

&

o

duty cycle without the judgment of the PV output power
difference between current control cycle and previous
control cycle. This eliminates the possibly wrong estima-
tion of the successive PV power values. The value of
ADO is set to be equal to ADI to avoid excessive power

fluctuation.

S Simulation and experiment results and
analysis

In the simulation models, the STP180S-24/Ad PV
panel from Suntech with the optimum operating voltage
of 36 V under STC powers a 12 V battery through Buck
and SEPIC chargers. The duty cycle values for power
switches in Buck and SEPIC chargers are 0.333 and 0.25,
respectively.

Figure 7 shows the relationships between dP/dD and
D under the solar irradiance of 1000 W/m? and 400 W/m’
for both chargers, in which the PV output voltage ranges
from 24 V to 40 V, battery voltage is 12 V, and tempera-
ture is 25 °C. The simulation results obtained by MAT-
LAB coincide with the theoretical analysis in Section 3.

The Buck-based solar charger with 12 V lead acid
battery load is tested with real sunlight powering Suntech
STP010-12/Kb PV panel. Comparative experiments with
varying irradiance are done under the conditions of both
enabling and disabling MPPT state reset control. The
varying irradiance is realized by adjusting the dip angle
of PV panel gradually which is controlled by the height
of small lifting table. The experimental results are shown
in Figure 8 (a) and (b), respectively. The PV output
power step variation in Figure 8 (a) is smoothed by peri-
odical MPPT reset control, and the mean value of PV
output voltage in Figure 8 (a) is steadier than that of Fig-
ure 8 (b), showing the effect of the MPPT reset control.

The experimental results with artificial sunlight
which comes from bathroom heater (4 x 275 W incan-
descent lamps) are also provided in Figure 9, where Vpc
is the supply voltage to the bathroom heater and controls
the irradiance to the PV panel. The voltage values be-
tween 120 V and 200 V correspond to radiation variation
processes between low and high level. The PV output

power tracks the locus of irradiance well with rapid

978-1-935068-17-4 © 2010 SciRes.
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speed, verifying the validity of the proposed control.
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Figure 7. Varying ratio of PV output power to duty cycle in CCM
6 Conclusion

A novel MPPT method for off-grid solar applica-
tions is proposed and implemented via load parameters.
Based on a simple and effective PV mathematical model
in which the parameters are taken from PV module data-
sheet, the P&O MPPT control is realized by combining
battery charging power and duty cycle variations in both
CCM Buck and CCM SEPIC chargers. The differentia-
tion relationships between battery charging power and
duty cycle of power switches reveal the superior dynamic
performance of the SEPIC-based solar controller than
that of Buck-based one. For DCM Buck charger, the re-
lationship between PV output voltage and duty cycle is
also monotonic which is similar to the situation of CCM
Buck charger. Periodic state reset for MPPT control is
proposed to improve dynamic response to rapidly
changing irradiance by only using small disturbance step
of duty cycle. The feasibility and validity of the proposed

control are verified by simulation and experiment results.

978-1-935068-17-4 © 2010 SciRes.
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Figure 8. Dynamic response under varying sunlight irradiance
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Study on Assessment of Life Cycle Exergy Analysis of PV

Abstract: Method of LECA(Life Cycle Exergy Assessment) and indices set up in this study have been ap-
plied to two different solar power generation system (PV, thermal), results show that payback rate of these
two solar energy system were close to 4.8, proved them a potential low carbon emission energy substitute
from the view of sustainable energy utilization. Furthermore, sensitivity analysis of life cycle exergy pay back
rate of PV power system has been studied to illumination condition and PV efficiency, and constraint condi-
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Fig.2 The framework model of LCEA for a solar thermal plant
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Fig.3 LCEA analysis for the roof-PV and solar thermal system
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Fig. 7 The relationship between sunlight time and insolation rate
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A Research on Nanometer-crystal TiO, Film of the
NPC Solar Cell

Chen Hong, Huang Ling, Yao Jianlei, An Qinyou
HuBei University Of Technology, HuBei wuhan 430068
Email: chenhong11271@vip.sina.com,huangl717@163.com

Abstract: It was intrudued in the paper how nanometer-crystal TiO, film be made on ITO glass both by
sol-gel method and powder-coating method. Analysis and discussion by the above two kinds of nanometer
TiO, film which is composed of NPC solar cell. It is analyzed and discussed the properties of the NPC solar
cells made of the TiO2 nanometer-crystal films .All above shown that the properties of TiO, solar cell made
by sol-gel and powder-coating method is better than that which made by the others.At the same time the
NPC solar cell was assembled with these TiO, films,which were treated by physical chemistry methods.
Photoelectric performances of the cells were tested.It was found that:photons absorption of the films were
enhanced by appropriate superfical treatments,which can quicken the electron transimission and restrain the
quantum conjunction, photoelectric properties were improved.

Key words: TiO2 films; sol-gel method; powder-coating method; photoelectric properties

NPC A PHEER 1 TiO, ¥ & By #f &

WoB, # R BEES 2FK
WHE AV R =B U TR e, Wldb4s sRiT 430068
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