Jour nal of Theoretical and Applied Information Technology
31% July 2012. Vol. 41 No.2 N

© 2005 - 2012 JATIT & LLS. All rights reserved

SATIT

ISSN: 1992-8645 www.jatit.org E-ISSN17-3195

IMPACT OF FUEL CELL BASED HYBRID DISTRIBUTED
GENERATION IN AN ELECTRICAL DISTRIBUTION
SYSTEM

13 A.BASKAR, R.HARIPRAKASH, *M .VIJAYAKUMAR

'Asso Prof. & HOD, Department of Electrical and dtenics Engineering, Siddhartha Educational
Academy Group of Institutions Tirupati A.P., India
“Principal, Brahmaiah Engineering College, Nellgke?., India
3Professor, Department of Electrical & Electronicgyleering, INTU, Anantapur, India
E-mail: * baskar_sunnyb@yahoo.co%irrhariprakash@gmail.cofmvk_2004@rediffmail.com

ABSTRACT

Recent developments in distributed generation w@olgies have enabled new options for supplying
electrical energy in remote and off-grid areas. Thportance of fuel cells has increased duringpast
decade due to the extensive use of fossil fuelsefectrical power has resulted in many negative
consequences. Fuel cells are now closer to comatization than past and they have the ability tilfu

all of the global power needs while meeting theneenic and environmental expectations..The objectiv
of this paper is to study the economic performaarw operation of a fuel cell distributed generaaod to
provide an assessment of the economic issues as=han electrical network. In this study, with HER
(Hybrid Optimization Model for Electric Renewables)ftware, NREL’s micro power optimization model
performed a range of equipment options over vargimgstraints and sensitivities to optimize smallvpo
distribution systems. Its flexibility makes it ugkin the evaluation of design issues in the plagréand
early decision-making phase of rural electrificatiorojects. This study concludes that fuel celltesys
appear competitive today if is connected with psgzbhybrid DG in an AC distribution grid. The oadér
energy management strategy for coordinating theepdiows among the different energy sources is
presented with cost-effective approach.

Keywords: Distributed Generation, AC Distribution Grid, NREL, Micro Power Optimization, Fuel Cell,
HOMER

1. INTRODUCTION hybrid system. Because some of renewable energy

Distributed generation deals with small powe'sources_ can complement ea_ch other, multi-source
generation units being located near consumers afgernative energy systems \.N'th proper control have
load centers providing benefits to customers an@ €at potential to provide higher quality and more

support for the economic operation of the existin%el"”.‘blf power to cu;to1r_r;]ers than a st);]stem basedto(rjl
power distribution system. DGs are usually unde single resource [S].The same authors presente

10MW, modular electric generation and storag he economic impact of hybrid DC? in an electrical
di;tnbutlon system with cost effective approach [3

technologies that provide electrical energy whe .
: A. M. and Erich | [4] presented the most
and where needed. They are connected to the gri my A . . .
P : L economic operation regarding the operating costs of
a distribution  voltage  level[1],[2].High efficient Euel cells aF:1d micro t%rbineg with IE)A\C Gri% using
reciprocating - engines and comk_Justlon turbine enetic algorithms and neural networks. Cotrell, W.
together with emerging technologies such as fu%ratt proposed the approach of feasibility of fuel

cells, micro turbines, wind, and photovoltaic I and hvd - I bust . ith
provide a variety of options for distributed powerCe and hydrogen Internal combustion €ngines wi

generation, and the rising public awareness fdgMOt€ DG systems [6]. Milani, Neil Patrick

environmental protection have turned alternativ%resented the Performance Optimization of a

energy and distributed generation as promisin ybrid Wind Turbme—DlgseI Micro gr_ld Power
research areas. Due to natural intermitten ystem[9] .However, the issues on optimal system

properties of wind and solar irradiation, renewablgolr;flguratmn, ag.?f povx;er management using f.ffl
energy systems normally require energy stora et.batr_nong N Ieren tenergly dsoutrc_(la_ﬁ V]\c"
devices or some other generation sources to form pribution system are not resolved yet. Therglore
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more research work is needed on new alternati
energy systems and their corresponding contri
strategies. Fuel cells are good energy sources ,{-\I—b _’ﬂ *_ﬂ
provide reliable power at steady state, but the Fuhrlander100 §  Electic Load P

cannot respond to electrical load transients as fa 1.000 kvwh/d
. . | 93 kw peak.
as desired and also costlier when compared wi

other DG sources. This problem is mainly due t =
their slow internal electrochemical and ;;r; bt *_CE"‘—

thermodynamic responses [5]. But in this pape Grid Carvverter Fuel Cel
different renewable energy sources with fuel cel
can complement each other, forms hybric & DC

alternative energy systems with proper control hav I I4
great potential to provide higher quality and more @' bﬁl
reliable power with cost effective to customeratha
a system based on same hybrid alternative energyy. 1. Block diagram of the proposed hybrid

systems without fuel cell. There are manwyind-PV-Euel cell DG with AC Grid
combinations of different alternative energy sosrce

and storage devices to build a hybrid system.
Among the list of some of the stand-alone or gridwith HOMER software, proposed DG System
connected hybrid systems that have been reportedmbination of photovoltaic (PV) modules, wind
in paper [3] by the same authors, Wind-PV-Fuelurbines and fuel cells was modeled with
cell DG with AC Grid model has been proposed intlistribution systems serving electric and thermal
this study. In the proposed system, the differeBt Dloads. The analysis and design of distribution
source is integrated through an AC link bus wittsystems can be challenging, due to the large
and without fuel cell is presented. number of design options and the uncertainty in key
This paper is set out as follows: Section jparameters, such as load size and future fuel.price

represents the distribution network connected wit enewable power sources add further_ comp_lexﬂy
hybrid DG with fuel cell was simulated and°€causeé their power output may be Intermittent,
optimized results are analyzed and Section jpeasonal, and non-dispatchable, and the avaiabilit

represents the distribution network connected withf renewable resources may be uncertain. This

hybrid(Wind-PV )DG without fuel cell was SOfWare was designed o overcome these
analyzed. In Section IV results obtained with th&hallenges. The Proposed System Configuration

simulation process using [10] in hybrid DG with as been performed by three principal tasks namely

fuel cell and hybrid without fuel ceil are analyzedSimulation, optimization, and sensitivity analysis.
and compared with the optimized categorized\. SIMULATION

results and the presence of fuel cell with DG pdove
to be a economical one with less operating cost.

B ailer Thermal Load

The performance of the proposed hybrid Wind-
PV-Fuel cell DG with AC Grid system
2. PROPOSED SYSTEM CONFIGURATION configuration has been modeled and simulated for

Figure 1 shows the system configuration for th ach hour of the year to determine its technical
proposed hybrid DG system with fuel cell easibility and life-cycle cost. Its higher-level
connected with AC Grid. In the system thecapabilities, optimization and sensitivity analysis

renewable wind —PV-Fuel cell are considered as rgly on this simulation capability. The simulation

complete “green” power generation system becau$EOCESS .determlnes. hc_)w a particular system
the main energy sources all environmentallfonf'gura_t'on’_ a combination of system components
friendly of specific sizes, and an operating strategy that

defines how those components work together,
would behave in a given setting over a long period
of time. In this process it was simulated a wide
variety of DG configurations, that generates
electricity, to serve a nearby load. Such a system
may employ any combination of electrical
generation and storage technologies and may be
grid-connected or autonomous, meaning separate
from any distribution grid. Using [10] determined
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whether the system satisfies the constraints
imposed by the user on such quantities as tf}gl

. . igure 2 shows a portion of the hourly simulation
fraction of the total electrical demand served, thg,¢ its that when modeling a Wind-PV-Fuel cell

proportion of power generated by renewabl G system connected to AC grid. The proposed

sources, or the emissions of certain pollutants a brid system models a wind turbine as a device
also computed the quantities required to Calculatt at converts the kinetic energy of the wind into a

the system’s life-Cycle cost, such as the annull fuor dc electricity according to a particular power

consur_nption, annual generator operating hourE rve, which is a graph of power output versus
operating cost and the quantity of power purchasggJ ;

annually from the grid. The total net present dsst Ind speed at hub height. The power output of the

th tit i t the Iif le chst wind turbine was calculated in a four-step process
€ quantity uses 1o represent the file-cycle @st o, ., hour,. First, it determines the average wind

revenues that occur within the project lifetimethwi rkpeed for the hour at the anemometer height by

fut hf di ted 1o th ¢ Threferring to the wind resource data. Second, it
uture cash flows discounted to tne present. Thgy e ates the corresponding wind speed at the
total net present cost includes the initial capstadt

of the system components, the cost of anturblnes hub height using either the logarithmic

i w or the power law. Third, it refers to the
component replacements that occur within th b

. o . rbine’s power curve to calculate its power output
project lifetime, the cost of maintenance and fueﬁJ b b P

4 th t of hasi P h —at that wind speed assuming standard air density.
an € cost of purchasing power rom the gnde, i, multiplies that power output value b th
Any revenue from the sale of power to the gri

ir density ratio, which is the ratio of the actaal

reduces the total NPC. density to the standard air density. To calculbte t

A one-hour time step is necessary to model thair density ratio at the site elevation it is asedm
behavior of the proposed hybrid DG system withhat the air density ratio is constant throughdat t
acceptable accuracy particularly those involvingear. In addition to the turbine’s power curve and
intermittent distributed energy sources, but ihég  hub height, the user specifies the expected lietim
enough to know the monthly average (or even dailgf the turbine in years, its initial capital cost i
average) wind power output, since the timing andollars, its replacement cost in dollars, and its
the variability of that power output are as impatta annual O&M cost in dollars per year. The
as its average quantity. To predict accurately th&imulation process determines how a particular
flow of energy through fuel cell, PV cells, thesystem configuration, a combination of system
battery, and the amount of surplus electricatomponents of specific sizes, and an operating
production, it is necessary to know how closely thetrategy that defines how those components work
wind power output correlates to the electric loadiogether, would behave in a given setting over a
and whether the wind power tends to come in lontpng period of time.
gusts followed by long lulls, or tends to fluctuate

. ; . The simulation process serves two
more rapidly. Hence one-hour time step i

ficientl 0t ¢ h Ci : urposes. First, it determines whether the system i
sutticiently small o capture the most importanty,qin1e  and also considers the system can

statistical aspects of the load and the Interm]tter%ldequately serve the electric and thermal loads and

renewa;blt_e refoutrr(l:es, 2Ut tn(t)rg sto Srt'?a'_' ats_ to slo, tisfy any other constraints imposed by the user.
computation 1o Ine extent that optimizalion antgecong it estimates the life-cycle cost of the

sensitivity analysis become impractical. system, which is the total cost of installing and

Wooree operating the system over its lifetime. The life-
B cycle cost is a convenient metric for comparing the
et economics of various system configurations.

B. OPTIMIZATION RESULTS

In the sensitivity analysis process, it was
performed with multiple optimizations under a
range of input assumptions to gauge the effects of
uncertainty or changes in the model inputs. In the

Fig2.portion of hourly smulation resultsfor the ~ OPtimization process, the proposed system was

proposed Wind-PV-Fuel cell hybrid DG system simulated with many different system
connected to AC grid system. configurations in search of the one that satistes

” 08
FC Capital Mutpler

240



Journal of Theoretical and Applied I nformation Technology
31% July 2012. Vol. 41 No.2 P

© 2005 - 2012 JATIT & LLS. All rights reserved o

YT

ISSN: 1992-8645 www.jatit.org E-ISSN17-3195

technical constraints at the lowest operating costTablel: Important overall optimization results for
Optimization determines the optimal value of the the proposed hybrid system with fuel cell

variables over which the system designer has . o Tomo T oo Tom T o T oo Teomon 5o o
control such as the mix of components that make Uj -t T e | oy |
the system and the size or quantity of each ' [P {6 [—ow Lo | o
Sensitivity analysis helps assessing the effects o '
uncertainty or changes in the variables over whict ' I e
the designer has no control, such as the averac 372000 :3 :
wind speed or the future fuel price. It models a :
particular system configuration by performing an i e
hourly time series simulation of its operation over ; AL
one year. It steps through the year one hour at T T s {5310
time, calculating the available renewable power, T o
comparing it to the electric load, and deciding tvha it a
to do with surplus renewable power in times of o S
excess, or how best to generate or purchase fror o
the grid, additional power in times of deficit. Whe S o iow i 73
it has completed one year’s worth of calculations, L e
this model determines whether the system satisfie i i i
the constraints imposed by the user on suct T TR
quantities as the fraction of the total electrical E opr
demand served, the proportion of power generate: R T
by renewable sources, or the emissions of certail T i e
pollutants. It also computes the quantities reqlire i o i
to calculate the system'’s life-cycle cost, suchhas o I = = o
annual fuel consumption, annual generator o Y B Bl S
operating hours, expected battery life, or the o |—or Shael e ven E oo

quantity of power purchased annually from the o 2“"“5 209:3 S

grid. _ _

h . h basi he Table2 below gives the categorized results of a
_ Suc comparlsong a_rg dt_e ha5|s bIO roposed hybrid system with fuel cell. In the

optimization ~ process, described In the ta e ategorized optimization Results table, the result

displays a list of the system configurations that ijignays only the most cost effective configuration
found to be feasible. Important overall optimizatio of each system design. In the optimization results

resuIFs for t.he proposed hybrid system with fudil Ceusing the proposed hybrid Wind-PV-Fuel cell DG
are listed in order (from top to bottom) of oSty sy "Ac Grid results gives us economic details

COﬁt-eﬁgculve tcl)_ I(iaSt_ costI;effe(():tgv?c in which Ifue 5, 1+ each system configuration has been displayed
cell capital multiplier is taken 0.5 for power rate;, \ hich the highlighted row indicates less

price 0.1$/KWH and demand price rate a510$/KW'operating cost of $34008 per year with 56% of
utilization of renewable sources.

Table2: Categorized results of proposed hybrid DG
system with fuel cell

v | FL | FC | comverter | Gria | midar | P | ro | COE | Renewable “l‘:‘:" ¥C
&W) | 100 | aew) kW) &W) | capital ) NPC (S/kWh) | fraction (m3) (hrs)
1|0 2 20 100 | 342000 | 36771 | $734517 | 0176 057 38480 | 6,001
10| 20 20 80 [$342000 | 36771 | $734517 | 0176 057 38480 | 6,001
1 (0| 4 40 100 | $387,000 [ 34008 | 5750028 | 0.8 0.56 44902 | 3,816
IR 40 80 | s$387000 | 34008 | s750028 | 0.8 0.56 44902 | 3,816
NI 40 60 | s37000 [ 34000 | s750039 | o018 0.56 44912 | 3,819
INEIE]) 40 100 | s3s7000 | 36918 | s751003 | o8 0.57 38480 | 6,001
N EIE) 40 80 [ $357000 | 36918 | $751,093 | 0.8 057 38480 | 6,001
1o 10| 40 60 100 | $402,000 | 34156 | $766,603 | 0.184 056 44902 | 3816
) 60 80 | $402000 | 34156 | s766603 | 0.184 0.56 44,902 | 3,816
) 60 60 | s402000 | 34157 | s766615 | 0.184 0.56 44912 | 3,819
NEIE) 60 100 | 372000 | 37066 | s767.668 | 0.184 0.57 38480 | 6,001
INEIED 60 80 | $372000 | 37066 | s767668 | o0.184 0.57 38480 | 6,001

Fig 3 gives the variation of fuel cetlyer in
KW versus the AC primary load in KW. Fig 4
shows the impact of Photo Voltaic power in KW
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versus the AC primary load in KW. Fig 5 shows the8. SYSTEM CONFIGURATION WITHOUT
boiler output (KW) versus the AC primary load in FEUL CELL

KW.

Figure 6 shows the system configuration for the
proposed hybrid DG system without fuel cell
connected with AC Grid.

At

Fuhrlander 100 Electric Load
1,000 kiwhd
kwpeak f—F)

Coll Power ()

F"'.‘."
s>
— Grid Corrverter
Fig 3 givesthe variation of fuel cell power in KW
versus the AC primary load in KWFig 4. AL E
T Thermal Load Boiler

Fig.6.Block diagram of the hybrid (Wind-PV) with
AC Grid (without fuel cell)

The same configuration without fuel dedls
been simulated and optimized for the values for

B power rate price ($/KWH) 0.land demand price
£
rate as ($/KW) 10.
o
Table3: Categorized results of proposed hybrid DG
system with fuel cell
W _ ] oy | T8 | | Gy | ot | e | Nre | o | "o | e
achimartosaan 1 10 20 80 | $312,000 | 41,480 | $754,791 | 0.181 0.58 23,101
H H H 1 10 20 100 | $312,000 41,828 $758,502 0.182 0.58 23,101
Fig 4. Photo Voltaic power in KW versusthe AC
. . 1 10 40 80 $327,000 41,628 $771,366 0.185 0.58 23,101
prlmry |Oad In KW 1 10 40 100 | $327,000 41,975 $775,077 0.186 0.58 23,101
1 10 60 80 $342,000 41,775 $787,942 0.19 0.58 23,101
1 10 60 100 $342,000 42,123 $791,653 0.191 0.58 23,101
Boiler AC Primary Load 1 10 80 80 $357,000 41,923 $804,517 0.194 0.58 23,101
1 10 80 100 $357,000 42,271 $808,228 0.195 0.58 23,101
1 10 100 80 $372,000 42,070 $821,093 0.198 0.58 23,101
1 10 100 100 | $372,000 42,418 $824,804 0.199 0.58 23,101

From the table3 the least operating cost of the
hybrid DG (wind-PV) without fuel cell is
$41480per year.

Boiler Output (1)

4. SSIMULATION& OPTIMISATION RESULTS

The DG (Wind-PV) with AC Grid system

) ) _ configuration has been modeled and simulated for

Fig 5. Boailer output (KW) versusthe AC primary  each hour of the year to determine its technical
load in KW feasibility and life-cycle cost. From the Table2an

the Table3 when comparing the initial cost, the

hybrid DG(Wind-PV )with AC Grid system with

fuel cell is marginally high ($387000/year)

] 60
AC Primary Load (ki)
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with$312000/year for hybrid DG without fuel cell. REFERENCES
but the operating cost of the system is considgrab
less .The table 2 clearly indicates that underagert
combinations with cost effective constraints fuel Elsevier Electric Power Systems Research
cell is economical, that is the operating costhaf t Vol.57, 2001, pp. 195-204

proposed hybrid DG (Wind-PV) with fuel cell is o e i

$34008/year compared with hybrid DG (Wind-PV)[2] W. El-Khattan, M.M.A. Salama, “Distributed
without fuel cell connected with AC Grid generation technologies, definitions and
($41480/year).The optimal system type graph  benefits” Elsevier Electric Power Systems
shows the conditions under which it makes  Research  Vol.71, pp. 119-128, 2004.
economic sense to invest in the fuel cell. If wé s [3] Economic impact of hybrid distributed

the 'FC Capital Multiplier' to 1 and set the otheo Generation in an electrical distribution system
variables to the x and y axis, we can see that the by J.A.Baskar, R.Hariprakash,

fuel cell makes economic sense only if both the M.Vijayakumar in “Journal of Theoretical and

power price and demand rate are very high. Applied Information Technology’5th
However, if we set the 'FC Capital Multiplier' td0 January 2012. Vol. 35 No.1

(which cuts the cost of the fuel cell by 50%) the

fuel cell makes sense at considerably lower powéflintelligent operation  management of fuel cells
prices and demand rates. and microturbines using genetic algorithm

, . ) and neural networks by Azmy A. M. and
The aim of this paper is that fuel cells may Erlich 1.

not competitive at today's prices based on capital

[1]Th0mos Ackermann, Goren Anderson, Lennart
Soder, “Distributed generation: a definition”

cost, but their operating cost would be less undé?) [5]Micro power System Modeling with
certain circumstances and combinations of the Homer by Tom Lambert Mistaya Engineering
proposed hybrid DG connected to distribution grid. Inc & PAUL GILMAN and PETER

LILIENTHAL National Renewable Energy
5. CONCLUSIONS AND Laboratory.
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APPENDI X
The machine and controller parameters that have
been used and obtained in this paper during the
simulations are given below.
1. FUEL CELL 3. Wind Data
Quantity Value Units Description; Fuhrlander 100 (FL)
Operation hours 3,816 hrlyr Rated Power: 100kW AC
Number of starts 730 starts/yn
electrical efficiency)| 48.2 %
I 0,
Eiizfj‘cltgrrsf;?i:)n 425 % S. | Wind Speed | Power  Output
ot 2.05| $/hr No. | (m/s) (kW)
Marginal 1 0.00 0.000
generation cost 0.0420| $/kWhyr 2 1.00 0.000
E:ﬁgtl;'ccti;n 147,470| kWhiyr 3 | 200 0.000
P 4 | 300 1.000
Trhoe(;lrﬁilon 95,010| kWhiyr 5 | 4.00 2.000
P 6 |5.00 8.000
Mean thermal 249| kw 7 6.00 17.000
output : 8 | 7.00 30.000
Fuel consumption 30,960 m3/yr
total efficiency 79.3 % 9 8.00 45.000
10 | 9.00 63.000
2 PV 11 | 10.00 79.000
QUANTITY VALUE |UNITS 12 | 11.00 94.000
Rated capacity 1.00 kw 13 | 12.00 108.000
Mean output 0.20% kw 14 | 13.00 119.000
E"ea” C_’tUt:?“tt ;'(?E ';/Wh/d 15 | 14.00 125.000
apacity factor 5 %
Total Production 1,798 KkWh/yr 16 | 15.00 122.000
Minimum output 0.000 kw 17 | 16.00 120.000
Maximum output 1.09 kw 18 | 17.00 112.000
gv pe:!e”ar‘]t'on 3-435;5 ZO/ 19 | 18.00 107.000
peration hours ,376  hrlyr
Levelized cost 0.403 $/kWh 20 | 19.00 101.000
21 | 20.00 97.000
22 | 21.00 96.000
23 | 22.00 95.000
24 | 23.00 94.000
25 | 24.00 97.000
26 | 25.00 101.000
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4. AC Primary Load

Hour Load (kW)
00:00 - 01:00 10.000
01:00 - 02:00 6.000
02:00 - 03:00 6.000
03:00 - 04:00 6.000
04:00 - 05:00 6.000
05:00 - 06:00 12.500
06:00 - 07:00 20.000
07:00 - 08:00 22.500
08:00 - 09:00 18.750
09:00 - 10:00 12.000
10:00 - 11:00 12.000
11:00 - 12:00 17.500
12:00 - 13:00 17.500
13:00 - 14:00 11.000
14:00 - 15:00 11.000
15:00 - 16:00 11.000
16:00 - 17:00 11.000
17:00 - 18:00 17.500
18:00 - 19:00 27.000
19:00 - 20:00 29.000
20:00 - 21:00 40.000
21:00 - 22:00 29.750
22:00 - 23:00 22.750
23:00 - 00:00 12.750
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