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This paper presents an optimization approach for optimal component sizing of PEM fuel cell (PEMFC)-battery
hybrid energy system (HES) to provide the driving force required to haul passenger trains. The objective function
is the minimization of the cost of HES, which subjects to the constraints of battery state-of-charge limit, PEMFC
capacity constraint, and the instantaneous power balance constraint. A model of PEMFC-battery HES suitable for
locomotive application is formulated. Two energy management strategies (EMS) are proposed to ensure the
balance between instantaneous power demand and supply. The EMS is suitably incorporated into the particle

swarm optimization based solution algorithm. Three practical drive cycles are used in the simulation study. The
simulation study reveals that the sizes of PEMFC and battery depend on the choice of EMS, average speed of
train, and slope of the railway track. The fuel consumption and dynamic behaviour also depend on the choice of

EMS.

1. Introduction

The development of economically feasible renewable energy sys-
tems to replace fossil fuels is one of the most significant areas of re-
search in this century to the research communities around the globe.
Most of the energy demand of the present world is met with the con-
ventional fossil fuels. However, the fossil fuel reserve on earth is finite.
Thus, it may be only a matter of time when these reserves would run
out. Also, burning of fossil fuels releases greenhouse gases which cause
environmental pollution and global warming. All these motivate the
researchers to find some alternative sources of energy. Hydrogen is one
such green energy source. In the recent years, the pace of investment in
developing technologies for hydrogen fuelled energy sources, is greatly
increased. Fuel cell (FC) is one such technology. There are various types
of fuel cell which can be used in different applications [1]. Proton ex-
change membrane fuel cell (PEMFC) is a type of FC having several
advantages, such as, higher power density, lower operating tempera-
ture, high efficiency etc. Due to the relatively lower operating tem-
perature, this form of FC can be used in replacing the traditional pet-
roleum-based drives [2]. However, the notable drawbacks in deploying
PEMFC are high cost, shorter lifetime, slow dynamic response etc. In
[2-4], it is shown that the hybridization of PEMFC with some energy
storage systems (ESS) is essential to alleviate some of these technical
drawbacks. The hybridization of PEMFC with ESS also improves the
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dynamic response of the system, reduces the fuel consumption etc.
Different types of batteries and/or ultra-capacitor are used as ESS.

In the recent years, a lot of research articles is reported in devel-
oping the PEMFC-battery-based hybrid energy system (HES) for trans-
portation applications. There are two different research directions. In
some of the works, different types of control approaches are reported
for developing the energy management strategy (EMS) to control the
power flow in the HES, such as, fuzzy-logic-based control, optimal
adaptive control etc. Some works are focused on the development of the
optimization approach. These approaches can be of two types: (i) de-
sign optimization (DO) approach for the optimal component sizing of
the HES and (ii) energy management optimization (EMO) approach for
developing an optimal EMS. The approaches combining both DO and
EMO are also reported in some of the articles. In these approaches,
different types of objective function are formulated which are opti-
mized under certain constraints, such as, the vehicle performance
constraints in terms of acceleration time, gradeability, the constraints
on the dynamic performances of the power sources and ESS etc. To
solve these optimization approaches, several solution strategies are
used. These can be categorized into: (i) mathematical and enumerative
approaches, such as, non-linear programming, dynamic programming
etc., and (ii) meta-heuristic approaches, for example, genetic algorithm,
particle swarm optimization (PSO) etc. A comprehensive review on
each approach [2-30] is given in Table 1.

Received 20 February 2018; Received in revised form 6 August 2018; Accepted 6 August 2018

2352-152X/ © 2018 Elsevier Ltd. All rights reserved.


http://www.sciencedirect.com/science/journal/2352152X
https://www.elsevier.com/locate/est
https://doi.org/10.1016/j.est.2018.08.008
https://doi.org/10.1016/j.est.2018.08.008
mailto:sanjib191@gmail.com
mailto:sganguly@iitg.ac.in
https://doi.org/10.1016/j.est.2018.08.008
http://crossmark.crossref.org/dialog/?doi=10.1016/j.est.2018.08.008&domain=pdf

Journal of Energy Storage 19 (2018) 247-259

‘papiaoad *A1091]) Jonu0d [ewnndo [ed1sse[d
SIe $9ZIS SSH pue DJ JO UORUIQUIOD JUISYIP I0j sdewr Awouodd usoIpAH AAH  UO paseq SINA ‘Od I0j YdIeas aANSneyxy uondumsuod uadoIpAy jo uoneziuuil OWH + Od 0
‘pauriojrad st SIWH Jo uoneziwmdo oN ‘pasodoid st SINH paseq-2130] Azzng SATIOWI0D0T poyleur uorndasig wR)sAs A310u9 prLIqAY 91} Jo Surzis Jusuodwod Jo UONBUIULIAIR oa 6T
‘pasn st anbruyda) uoneziundo oN QATIOWO0D0T oIeas dNSLNaH wR)sAs A319ua pLIGAY 9] JO 1SOD JO UONBZIWIUIA od 8¢
*DOS wnururw Jojeded-1odns pue HOS WNUWIXLU DOS A1911eq [RUY pUR [RNIUT
A1918q “AdUBIOLR 119U} PUR S)IUN D JO IqUINU dI8 SI[qeLIeA uoneziundo AIH (VOOI) VD 24123(qo-nMmN U2aMI3q DUIYIP pue uondumnsuod usZoIpAY JO UONBZIUIUIN ONd /LT
A1091]) Jonu0d [ewndo
‘PAUTULIISP ST SSH Pue DJ 9y} usamiaq 1ds emod ewndo AIH uo paseq wipioSfe uonesiundo (eqorn uondunsuod ua80IpAY JO UONRZIWITUIA OINA 9z
soeds
"D PUB D JO SIUN JO IqUINU dIe sa[qerreA udisaq AIH 9ATID3(QO J[qISEdJ UO YDIBIS JATISNBYXH 1502 JO UOTIRZIWITUIA od sz
*PaI9pISU0d Jou ST uonepeIdap Arneg 9PIYaA pLIqAH unpLo3[e dNSIUIULIAISP Paseq-a[ny uonepeIdap (99 [onj pue uonduwmsuod [anJ Jo UONLZIWIUIA OINA %4
‘payoads J0U SI pasn X0q[o0} X0q[00} gY'LLVIAl Suisn uorn wlsAs 1omod prigAy ay) jo
uonezundQ ‘PaUTULISIAP ST $30.1M0s A319us 31} usamiaq ds 1omod rewndo SPIYaA PqAH -ezrumdo swm [esy  AdUSIOYYS Jo uoneZIWIKew pue uonduwnsuod [any Jo UORZIWIUIA ONA €T
‘uonNqLIUOd
‘uoneziundo auIfyo OINH W [eal 10J ¥ pue O aulyo  I1omod £19)3eq pue uondwnsuod [onJ Jo UONRZIWIUILI Je SWIe QAL
9y 0y paredwod se uondwmsuod [ony ssa] Ul synsal uonezrundo awn [eoy sng Jisue1], 1oy o[dnund umuwrurw s,urdeAnuod ‘dq  owim [eay ‘uondwmsuod [aNj JO UONEZIWIUTW Je SWe QNH U0 ONd TT
"paUTULId)AP SI $90IM0s A319Ud ) Usamiaq 1[ds omod rewrndo AIH Vo uonduwmsuod [aNj JO UONRZIWIUTIA OINA 12
"9[qeLieA udisap ay) se PaIapIsuod A[feuonippe st 3uner 1omod 1030 AHHd 0Sd 2A13(qo BN uondwmsuod [any pue 100 ADIYIA Y} JO UONEZIWIUIN  OINH + Od 02
*K19118q pUE D JO 9ZIS PIdNPAIL
oy 03 spes] uonezrundo Yy, ‘ssew JIYaA pue (Aeded )1 Jo uonduUNy)
ssewr £1913eq ‘(1amod pajel S)I JO UONDUNJ) SSBUI D JO WNS ST SSRW [BIO], AIH OINA 10} dd pue Od 10J VO uondumsuod uadoIpAy jo uoneziwiuiy  OWHA + 0d 61
“dOSIAQYV UI UOP SI SJUTRIISU0D 1500
pue UONOUNJ 9ATIVS[qO JO UOTIEN[EAD PUR GVTLYIA Ul USJILIM ST unpjriosre yo snq Jsuely, VD 9ANR[qO-NMNA  WIISAS 3} JO UONRZIWIUTW pue AUIOU0? [aN] Y} JO UONeZIUNXRN OWH + Od ST
‘so[qerrea uonezrundo ay) a1e AJIsuap
UMD DF ‘DOS AIeneq ‘uonezipliqAy jo 9918sp ‘rajpuwrerp Iossarduwiod AFH (d@) Surururer8oxd drureup o1Iseyd01S a8esn A310us A1911eq pue uondwnsuod [anJ AY) Jo UONBZIWIUIN OWH + 0d LI
J0JBABDXD-TUTUI *JSOD ddUBUSIUTEUW
‘pasodwur A[feuonippe aIe syurensuod Surade SSH pue DJ J1199[9 pLIqAY uI-3njd wrIod[e punoq pue youelg pue 1502 [onJ 4502 aseyaind jusuoduwrod 9y jo uoneZIWIUIN  OINH + Od 91
10JRABIXD-TUTUI -Bur8reyd £1911eq 10J paimbai A819uUs Jo 1500 pue 150D ddUBULIUTRW
Ppa19pIsuod A[euonippe s jurensuod 3ude A1oneg J109e puqAy ur-3nid unpose punoq pue youerg 9500 [9nj 9500 aseyoind jusuodwod Jy) Jo UONRZIWIUIN OWH + Od  SI
*sjo1d suo3ey 03 pajera1 omod pue A319Ud d1J109ds JO saN[eA WNUWIIXKEUT
9] aIe SJUTRNSUOD ‘D) PUB AI91IBq JO SHUN JO ISQqUINU Ik Sa[qerrea udsaq AdH wiIo3[e punoq pue youelg wa)sAs 93e10)s A319UD PLIGAY 9Y3 JO SSBUW ) JO UONBZIWIUIA oa s
‘DN pue £19138q JO Syun WdISAS [[RIDA0 9] JO 150D
Jo 1oquinu are sa[qerrea udisaq ‘pasodoid st Dn-A19118q-D Jo A30[0d0] MON AIH Burururer8oxd resur-uoN  pue SSewW dY) JO UONBZIWIUIA pue AJUSIDIJS dY) JO UONIRZIUIIXEA od €I
“MOSIAQYV UI UOP ST SIUTRNSU0D
puE UOMOUNJ 9ANIA(QO JO UOHBN[RAD PUR Y TLVIA Ul US)ILIM ST wpLIod[e v ATHd VD 2A1n3(qo NN 1502 9[21yaA pue uondumnsuod uaSoIpAy Jo UONBZIWIUIA od zI
WIS)SAS
*SSH pue Dy JO SIUN JO JdqUINU Ik sI[qeLIeA uSIsaq AIH (0Sd) ‘(vD)  A819ud pLIqAY 91} JO SWN[OA PUR JSOD ‘SSEW ) JO UONBZIWITUTA oa 11
anbruyoa
*SSH pue D, JO SIUN JO JIIQUINU I SI[qeLIeA USISaq AIH JuaIpeId YIIM WILIOSTe dNSIUTULISR WI)SAS [[EI9A0 S} JO SSBUWI PUE 1SOD 3} JO UOTRZIWIUIA od oI
‘pasn anbruyda) YoIess dMSLMaY-e1dw oN ‘Surjel
1amod D4 ‘ssewr ua8oapAy paiols ‘Ayeded A1v13eq a1e so[qerrea uonezrwndo ATHA wILI0Se JNSIUTULIDIAP Paseq [Ny 1500 3uneiado pue JUIUNSIAUL JO UONRZIUITUTIA od 6
(Dn) 10310EdED
-en[n pue D4 jo ndino 1omod pue pueurdap omod DOS DN pue A1911eq A1) yoeoidde
uo £1091) Azznj Surd[dde £q paururialap si s221nos A819us oy} jo Indino 1omod JPIYaA pLIQAH Tonuod 1301 Azzng ‘wISAs A319U9 prIqAY Jo ADUSIOLJS JO UONBZIWIXRA Tonuo) 8
D4 jo ndino 1omod pue puewsp remod ‘DQS A191€q 3} yoeoidde
uo K109 Azznj Surkjdde Aq paururialap sI s921nos A319ua 3y jo Indino 1emod S[oIYaA pLIGAH Tonuod 1301 Azzng ‘wRIsAS A319Ud PLIGAY JO AOUSIDLJD JO UOTIRZIWIXBIA Tonuon L
D 93 JO SATWRUAP MO[S ISPUDIXD D4 JO 9zIs A ul yoeoxdde
oY) SurIapIsuod sa01nos A31aua ay) Suowre J1jds 1omod ) SAUTULIDIP SINA ITRYD[IYM a8uer se DJ YIMm £891ens [0NUOD  UONDINPAI pue WAISAS A3I9UD PLIGAY JO ADUDIDLJD JO UONBZIWIXBA [onuo) 9
'PIMOT[0}
9q 0} uonerado Jo spour Y} SAUTULIIAP (DOS) 281eYD-Jo-918)S A1911Rq yoeoxdde
pue ‘paads apIYaA ‘puetwDp 19Mod ‘uonesado Jo sapour 1YS1o Jo SISISU0D SNH Aemurer], [onuod aandepy Kouaroyye reuonerado ayy aaoxdwr of, [onuo) S
‘pauntojiad SINA jo uoneziundo oN ‘pasodord SNH Surureisns a8reyn S[2IyaA pLIGAH U2Ie3s dNSLINSH ssewr apIYaA pue uondumsuod usB0IpAY JO UOBZIWIUIA oa b
*3UOp SI NUI] D UTEI-IALIP 3} QuINJoA/sseur
0] yueq J1ojeded-1adns pue DJNHJ Jo sa13ojodol om) usamiaq uostreduion ATH oIeas dNISLNSH 93e10)S JO UOTIBZIWIUIW PUR AJUSIIJJS A3I9UD JO UOTIRZIWIIXBIA oa €
‘one1 A31oua/1omod uo Surpuadap walsAs a8e10ls Jo sadA) JuaIaIp Jo asn 9PIYaA PLIqAH JnsLmay (HOQ) uonezIpriqAy jo 22139p [ewndo ay) Jo UONRUIULIAD( oa 4
SyIRWY uonedrddy £3s1en8 UONN]OS aAnR3[qO yoeorddy  Joy

248

U. Sarma, S. Ganguly

‘suonedrjdde uoneliodsuen ur pasn uR)sAs A319ua pLIqAY A1911RQ-DANHd UO [21B3sa1 9} U0 UOTJBULIOJUT dAISUayaIdwiod
[ CLAR



Download English Version:

https://daneshyari.com/en/article/7539656

Download Persian Version:

https://daneshyari.com/article/7539656

Daneshyari.com


https://daneshyari.com/en/article/7539656
https://daneshyari.com/article/7539656
https://daneshyari.com

