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Abstract

Pakrstan rs facrng shortagc ofcncrgy fiom last scveral )cars as therc ls consldcrable gap

betwccn encrgy generatron and rts demand Gencratton of encrgy malnly depcnds upon

non-rene$able energ) sources whtch ara clustng thc problcm of hcavy lmPorr bllls and

clrculardcbtand rccently thc clrcular debt o f Pak I stan has rcached to Rs 337 7 brlllon The

country ls blcsscd wrth abundant renewable cnerg) sourccs but all of thcsc are not

explortablc bccause of tcchnrcal and financltl barrrcrs The rcnewablc bromass ls most

promlslng sourcc of energ) as thcy arc rcadrly avallable and easrly exploltable Thls

rcsearch provldes thc overvlcrr ofrencwable blomass sources (Shon routlon cncrg) crops.

non-\\'ood) grasscs. orl crops. agrrcultural rcsrdues, \rastes and llvestock manure) cnd thclr

lmpact on economlc groMh It wrs obscrvcd that all thesc resources \Ias e\ploltablc

wlthout compromlsrng other food crops and agrlculrurll arcas rn an en\'lronmentall)

posrhve way and has posltlvc tmpact on cconomrc groMh as the vanablc of elect clt)'

through rcncwable energ) sourccs rs slgnrficant and poslllvc relatcd to cconomrc gro\\lh

at 50% srgnrficance lcvel The farmcrs can be trarned for the generatron ofthese rcsourccs

whrch wlll lmprove therr Lvrng standards Thc technologres lo convert these resources rnto

drffcrent forms of cncrgy arc also avarlable *rthrn the countl.! at ver) cheaper costs

Therefore, by,nkoduc,ng blomass. everyone among the pubhc can contrrbutc to the

resolutron ofcnergl deficlt thar $ lll lcad to hrgh economrc gro\th



Chapter I

Introduction

Energy cflsrs rn Paltstan ls a scrrous lssuc It ls often rccordcd that thcrc rs shonaBe of

electflcrty of 8-lO hours and l6't8 hours ln urban and ruml arcas resPcctrvel) (Javl'd ct

al (2011)) PeLlstan rs thrrd largcst coun!ry ofthc \rorld ln natr'rral gas consumptton' but

prcsentl) rl rs also factng the \rorst gas short.gc calamrty (Ahmcd et al (2013)) Domesnc

encrg) demand ln tcrms ofelectrlclt) \\as 18,000 me8.\\att and domcstrc productlon was

l3,2.l0megawatt,rcsultrng4,T60mcgawanshortf.llorgapdurrng20ll'201{rAccordlng

to Orl and Cas Regulatory Authorrt). thc supply and dcmend gap ofgas has reachcd to 2

brlhon cublc fect pcr day at thc cnd of 2014 Ifthls shona8c ls not addrcsscd properl),lt

mrght become natronal scct flty threal (HarUan and Uqarlr (2011))

For sustarnable economrc groMh ofan) countr). avallabrllt) and productron ofcnou8h

and chcapcr encrg) rs essenttal,lhereforc. thcre ts a great need lo fill thc requlrcd cncrgy

gap ln Pakrstan Energy can bc gencrated through numbcrof$a)sand methods andcach

way has spccrfic rcqurrements rn lerms oftcchnology. financlal budget and trmc span For

cncrgy generalron therc may bc lhree forcmost posslbrlrtrcs Flrst fossll fuels (oll. nalural

gas. and coal etc) Second, rcneuablc cncrgl sources IncludlnS solar. \\rnd' nuclcar 2nd

h)dro Thrrd renetrable bromrss Itle wood. cncrg) crops agrrcultural resrdues. lrvcstocl

manurc. food waste. rndustrlal wastc and lts co-products



Fossrl fucl rcsourccs rs thc rmpoftant and basrc source ofencrg) and 80o% requlrcments of

world energl dcmand rs being fulfillcd by thcsc rcsourccs (Bhutro ct.l (2011)) Onthe

one hand. thesc rcsources have rhe potcnml to generetc huge amount of energy at a srngle

pl.cc. but on thc other hand, fossrl fucls arc also the brggcst sourcc of grccnhouse gas

cmrssron Thcse gases arc harmful for chmatc and causc ofglobal rvarmlng The) ere also

responsrble for thc c\rensrvc destructron ofcnvronmcnt, ozonc laycr and human hcalth It

rs also a fact that fossrl lircls reservotrs arc dcvclopcd by natural prachce Thc, are llmtted

ln quantlty and enatrcally drstnbuted on carth In lcIms of stock. storagc and addltlonal

rescrvcs. c\,cn. the rch countflcs are nol ln a certaln or sccured posltron (Husatn (2010))

In addrtron to that, lmport offossll fucl carnes heavy cost for thc country Statc bank of

Pakrstan pard a total of $6 69 brlllon for thc tmporl of petrolcum products and crude otl

duflngtheJuty-Nov20142 Fluctualron ln pnceofotl tn lnternatronal marketanddt\erse

global lrcnds also badl) affcct cncrgy cost (Asrf (2009)) The heavy rmpo( oforl has

crcated the problem of c rrc u lar dcbt rn cncrgy sector Paklstan's encrgy sccto r c trcu ldr debt

wasRsl80brllronatthecndofFcb20l4l Paktstan tsone ofthe btg natural gasdepcndent

country lntheworld Ithas many rescrves ofgas but thcsc rescrvcs fall shortofthe total

demand Theheav) caprtal rcqurred for dnlltng ts alsoa banter to hemess lhts sourcc of

cnergy

Accordrng to thc Federal Mrntstcr of Watcr and Po*cr. paklstan rs blcsscd wtth the plent)

amount ofcoal rcscnes It rs estlmated that onl] rn Thar 175 brlhon rons coal rs avarlable

':http //w*w dawn com
I http //wwv dawn com



However, cncrgy productton from coal ls not an cls) lask It r'qulres hcavy technologles

and sufficrcnt c\pcnrs€ In Judglng thc quallty of coal Dr Samar Mubarrk Mand had

rnrtratcd the Thar coal prqcct b) clarmlng thal he could producc clcctrlcrty \\lthout thc

hclp of multrnatronat companlcs Unfonunately duc to thc lacL of consensus among

Govcmment authorltles and rnsufficrcnt funds, lhe frulls of thls project could nol bc

obterned so far

ln thrs srtuatron, optron ofadvanccment ln ahcmetc cncrgy gcncratlon tcchnolog) ls gcttlng

popular and gorng !o become an cmergant chorce ofc\pcrls Compare of fossrl fucls. they

arc envrronment frrcndll and morc secure sourcc ofenerg) gencratlon Thc Scolog) and

gcograph) of Paklsten ts much sultablc for varlous t-vpcs of rcnc\\ablc encrg) gcncratron

sourccs Coastal arcas of Paklsran arc feaslblc for wlndmllls and dcserl arcas arc bcsl for

solar encrg) whrlc producttvc areas whcrc agrlculture lnd llvestock arc abundant.

rnstallatlon of blo gas ptants rs a suttablc optton Paklstan also has thc $orld's bcst canal

s)stem rlhcre we can use mrcro h)dro ptants (Khan and Qalyum (2009)) and (SherLh

(2010)) Allhough Pakrslan Is blcssed wrlh plcnt) of rcnotable sources but onl] those

rcsourccs arc crplortablc whtch siand on thc bases ofprovcn techno cconomlc fcasrbllltlcs

(S.hrr and Qurcshr (200E)) Thc cncrgy producllon from '*rnd docs no! pollute the

cnvrronment and dccreases thc rmport of fossrl fucls However, the lnltlal cost of

rnstallalron ofsolar panel and \lrnd mllls ls vcr) hrBh. malnlcnance and reParr oflhls klnd

of machrner) rs also not an cas) tasl lhal s }\h] only 8o\emmenl or ler8c scile

organrzatrons can rnrtrate thcse tlpc of proJccts (Mahmood el al (2011))



Anothcr optron of rcncwablc cnerg) rs the reneEablc bromass Bromass rs a brologrcal

mateflll whlch can bc derrvcd from hvlng oaganrsms Energy gcneratron through blomass

ls also rn cmergrng scctor Thcrc arc sevcn maJor matenel categoncs from whrch bromass

cncrgy can bc gcncratcd r-c Vrrgrn wood, cncrgy crops, agflcukural rcsrducs, lrvestocL

manurc. food wastc, lndust al waste and lts co-products Lrvestock manurc can be

converted rnto fuel after specrfic process whrch rs lcss cxpensrvc wa) to gencmte the

energv There are certaln tlpes ofplants whrch produce huge amount ofbromass rn a short

duratron oftrmc The produchon ofthcse plants has dual advanfage. ln that, the fechnology

and rnputs rcqurrcd arc vcry small and the cnvlronmenlal lmpacrs are not negattvc

Slstcmahc use of bromass can savc the trme of women and chlldren lhal thcy spcnd m

collcctrng woods for cooktng and hcanng Renovatton process can change rhe bulky

bronass rnto fr.:cl whtch ts cconomlcal to store and eas) to transform (Dcmlrbas (200.+))

Btomassforenergycanbcuscddtrcctlyforheattngllcanbcusedtndtrecthblcon\ertlng

rnro hqurd and gaseous fucl too (Dcmrrba$ (2001)) Among all orhcr renc\rablc energ)

sources. blomass rs unrque because tt can produced \rtth lor\.cost, started \\ tth ver) small

budgct and casrly avarlable and therc avlrlabrlly ls de<cnrralzed (AmJtd ct al (201 I)

The rr$ materral of bromass energy ls mostly tnvaluable and casll) avatlablc that has no

use rmmedratcly Thrs raw matenal can produce cncrg) wtth stmple technology rn

envrronmcntall) acccptable manner (KuCuk and Demrrbas (1997))



1.1 Rescerch Purposc

The purposc ofthrs rcscarch rs to survcy the varrous krnds ofbromass resourccs, to analyzc

thclr fcasrbrlrtyand 10 do a cost bcncfit analysrs ofthesc rcsourccs The study also analyzcs

thc rmpect ofrenewablc cnergy on economlc grow.th

1.2 Objcctivcs

The followrng are the ob.;cctrves ofthe research

I Asscsslng thc feasrbrlrty ofrenewablc bromass as rcncwable cnergy rcsources

2 Mallng compa son ofvanous sourccs ofrcne\rabla bromass

I Estrmahng or anallzlng thc of rmpact ofrencwablc cnergy rcsources on economlc

gr_or+1h

1.3 Significance

The tmponancc ofcncrgy cflsts tn Paklstan cannot bc ovcrstatcd, hol^evcr. rhc avallable

energy solutrons could bc takcn only by the govemmcnts and largc scale organlzattons

Thrs sn dy provldcs a guldc on ahematc cncrgy solutron whcrc ordtnary farmers could

contnbute to the solutton ofenerg] cnsts



Chapter 2

Literature rcview

Thc research rn lhc last dccadc shows grcat srgnrficancc of thc potentral of rencwable

cnergy sources as foss,l fuels arc not enough to mcct the growlng energy dcmand of the

world Almost all count es havc been emphasrzmg the genemtron of encrgl from

tenewablc sourccs bccause encrgy generrhon wrth thesc rcsourccs hclps rn mrlrgatrng

envronmcntal degradalron The grcat cmphasrzc ofrcnewablc encrgles may bc anflbuted

to the soclo-economrc sustarnabrlrty of develop€d countrres and rndustflallzatton of

dcveloprng countflcs (Mohamrned ct al (2014))

The lrteraturc rcvrep rs dlvldcd tnto followlng two sectlons

I Renewablc cnergr- sources rncludlng rcnewable bromass

rl Effects ofrencwablc energy sourcc on economlc groEth

2,1 Rcneweblc EncrS/ Sourccs Including Rcncwablc Biomass

Renepablc energy sourccs are rcplcnlshed by the nature on rcgular basrs e g the sun. the

\r'rnd, raatcr, eanh s hcat and plants Renc*able cnergl technologtcs tum thesc resources

lnto c\plortablc form of cnergcs gcnerally rn elcct crty but somettmes ln hcat and

mechanrcal power Three ccntules ago. world fully rclted on lhe rcncwablc sources of

energ) that was fully sustarnable and oncc aBaln economles havc been convcrtrng to thc

past The revrval of rencwable encrgy sources rs becausc ofthe depletron offossrl fr.rels

and thelr rmpacl on envtronmcnt Thcrc arc dtffercnt forms ofrcnc\\able encrg), lrkc. solar.



$lnd, hydro, bromass, geothermal, tldtl and wavc cncrgy Currcntly rcnewablc energy ls

contnbutrng l57o lo 20% of world s cncrgy consumptron (Herzog ct al (2001)) Thcrc are

many types of rcncwablc ancrgy sources llkc,

> Sol.r Eocrgy

> Wind Pow.r

> Hydro Elcclricify

> Biomrss Encrgy

Sun rs pflmary source ofenerg) on carth and thls cncrg) ls storablc Thc cncrg) fmm sun

rs clcan and cnvrronmcntally posltlvc \,!lth zero cmlsslons N'lost of the dcvcloplng

countncs arc on sunny belt area and have thc potcntlel to gcneratc clccirlclty from sun

lndra end Pakrslan both havc thc 250'300 sunn) days annuall) and 8- l0 sunny hours darl)

$hrch can bc ulrllze to gcncratc enough amount ofcncrg) lKumar and Karth'ck (2011)'

Khalrl and Zardr (2014)l catculatcd lhc potcntral of solar cncrgy rn drffcrcnt crtrcs of

Pakrslan and concludcd that 0 22 KW w3s thc hrghest potcnllal and 0 17 *as thc lowest

avallablc potentral In thcsc crlrcs In a da) Prktstan also has Iaunchcd the Quard_e_Azafi

solar park a 1.000 lhousand mcga*att photovoltarc po\rcr statlon rn Baha\ralpur It has lo

complcle at thc cnd of 2016 and tl would bc thc blggest solar po*cr plant ln Paklstan and

onc ofthc brggesl powcr plant ln thc trorld Clobally thcre are tt{o t}pes oftechnologlcs

through whrch solar cncrgy ls bcrng captured c g acllve and passlve Solar panels arc the

crample of actrvc tcchnology and cncrgy- efficlcnt wrndo\\s and grccn houscs arc the

c\amples ofprssrvc tcchnolog) Burldrngs are also bullt to sene thc purpose ofthls t)pc



oftechnotogy, whcre heary thermal mass ts used to aftmct morc hett and lnsolatlon ls used

to storc thrs hcat (Foroudastan and Dccs (2006)) Apart from these two maln ty?es of

technologres, therc arc many small scale tcchnologrcs to hamess soltr energy llke . sola.

hcatcr. solarcookcr, solar waler hcatlng etc Rcccntly, thc prlce ofsolar clectrtclty has bcen

calculated 30 cents per Lllo,ratt hour for Srrd connected arcas and for.emote areas thc

pnces arc less and devclopng countncs have many remotc areas *hrch can be electrlfy

through solar cncrg) (Foroudastan and Decs (2006))

Chrna rs one of thc raprdly growlng cconomrcs that rcqulrcs substantral amount ofencrg)

Chrnesc govemmcnt has been payrng much aftentron toward the non-fossrl cncrgy sources.

as shc set the target of gettlng I 0o% rcnewablc encrgy of r ts tola I cons um ptlon by 2020 The

t\rnd rndustry of chrna has the potentral to bc rankcd first rn the world The encrgy

generatron from w,nd was 50 mrllron MW rn 2010 and the target ls erght trmc hrghcr than

thrs amount hll 2020 (Zhao e1 rl (2014)) Thc gcologrcal and gcographrcal sltuatron of

lndra rs appropnatc for vanous rcncwablc cnergy sourccs and she ls utrlrzlng thcsc

rcsourccs efficrently Ar lhc end ofMarch 2013, the rnstallcd capacrty ofrenewable encrgy

sourccwas2E IGW !l'rnd accounts for68% ofthrs capacrty makrng lndra's r!rnd mdustry

fifth largest rn thc *orld Alfhough thc share ofreneqable encrgl rs rncreasrng. but strll

lndra has many unexplortcd resources [Thc renewable energy lndra expo (2013)] Lrle

othcr dcveloprng countflcs, Bangladesh rs also cncrgy dcficlt country Onl, I0% rural

popuiatron has ecc€ss 1o nahonal glld stetron and me) be some rcmote arcas *lll nol bc

connected to grd statlons untll ne\t J0 )ears For such k,nd ofsrtuauons allemate encrg)

resources are the bcst optron Bangladcsh rs awarded \!lth drfferent resources ofrcnewablc



cncrgy It can obtarn brodrcscl from AlSac and Jetropha, both arc rn plen$ amount and can

provlde thc cnough amounr ofbrodrcscl Thc avcragc solar rnadraoon ls '1 to 6 5 LWhm

:day'r and thc ma\lmum sunn! months arc March-Aprrl Bangladcsh has 724 lm long

coastal lrnc thal can bc used for wrnd mrlls Low heads ofwatcr tn rlver can bcthc bcsl

opoon of hydroclcctrrc'ry (Hablb and Chungptrbulpatana (201.1)) Accordrng to drffercnt

survcys of wrnd spccd conducted by thc Mclrologrcal Depanmcnt of Paklstan, lt ls

eslrmatcd that Pahstan has lhc potcnlral oIwlnd cncrgy rn thc comtal arcas of Srndh and

Baluchrstan lt rs concluded that the wrnd spccd rs sultable to gcncralc cncrgy ofrlmost

43.000 MW on thc coastal hnc of970okmr, but duc lo lhe constrl,nts of land ullllzahon

aree only 248lkm2 arca rs a\arlablc lo rnstall wrnd mllls that can gencralc thc I 1.000 M\l'

clectflc(y (Farooq lnd Kumar (2013))

Thcrc are machrnes, callcd wrnd turbrncs whrch conven krnetlc encrg) rnlo clectrlc cncrgy

Honzontal A\rs and Vcnrcal A\ls wrnd turbrnes arc fwo typcs ofturbrncs *htch are uscd

to generare clcctncrt) Hoflzontal W,nd Turbrnes arc thc most common .nd popular

turbrnes Thc mlrn parts ofa turbrnc arc rolor, gcerbox towerand Bcnerator Rotors arc

thc bladcs whrch rotatc and tum thc gcars and generator tum thc lrnctrc encrg) of bladcs

rnlo clcctnc cncrgy PISE ct al 0

Thc watcr at work or rn mohon can producc clcctflcrty that rs rene\rable and cnvrronmcnt

frcndl) The flveflne countnes are blessed by the nalure and ha!c the ad!antagc to produce

clcctflcrty Thc Yarlung Tsangpo srruatcd rn Trbet rs hlgh akrtudc nvcr whrch flows along

thc Hrmala)a lf rt rs used to gener.te hydroelcctflcrt) rt would bc thc world's largest
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proJcct as rt has the potentlal to gtvc po$fi to 60 Slga$aft po\{er stahon. but thc area

possessas rls own eco slstcm and thrs masstve proJcct could be dmSerous for ecology of

Indra and Chrnal Bhutrn rs tlso one ofthosc countrrcs whrch has many numbcr ofnvcrs

and has thc potcntral of30,000 megrwatt capacrty Ithas cxplortcd only I.180 mcgawatt

*hrch rsJust 6% ofthls potcntral Indla rs piovldrng technlcal assrstancc and finance to

hamcss thrs polentral and 75% ofclcctncrty gcncratcd ln Bhutan Is cxportcd to Indla whlch

gcneratcs 4Oo% of Bhutan's rclcnucss Pakrstan atso o*ns abundant rcsoutccs of

hydroclectflclty whrch are mostly rn thc nofth slde ofthe country Thc rnstalled volumc of

hydroelectflclty rs 6595 megawatt and thc majo. sharc of thrs capacrty rs rn North-West

Frontrer Proyrnce (NWFP) [Pnvatc Powcr & Infiastructurc Board]

ln h)droelcctflcrq. h)dro power plant convcn the hnenc ener8) ofnater rnto mechanrcal

encrgy and thcn rt rs convertcd lnlo clectnc powcr Hydro pouer plant can bc ranlcd

accordlng to ther. srze rc mrcro, mlnl. small and large Mrcro hydro power plant can

gencratc clectncrty up to 100 KW, and mlnl po\rea plant can sene unttl thc nced of I MW

elect crty Whcreas small and largc can gcncrare lMW to 30MW and more than 30 MW

rcspcctrvely (Castaldr et al (2003))

Thc sr tuah on o f PaL lst n rcgard r ng energ) rs not drffcrent from ol her dcvc loptng countflcs

Rcncwable cnergy sources arc enough to overcomc rhe cnerg) costs ofthe countr, Encrgy

I hnps //ww chrnad .loSUe net/anrcle/show/srngle/en/67E 1-World-s,la rr.n-hydropow. rp rotecr.
planned-for'llbet.n Pl.t€au
5http//www rnt.rn.tron.lnv.rsoG/blors/328,5
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from rencwablc cncrgy sourccs has bccn lhc part ofgovemment pollcres stncc 1980s but

untrl now th€ progress rs vcry slow (M,rza et al (2008))

In pasl bromass was uscd mostly rn household achvltlcs forcookrng and hcatrng Rcscarch

has provcd tharblomass crn bc used ln lndustrrcs as a fuclas wcll By et al (2009) assesscd

drffcrcnt sourccs ofbromass to use rn cement Lllns as a fuel tn Ethtopt! Thc casc study

showed that thcrc was grclt opportunlty for govemmcnt to reducc thc orl lmport and usc

local resources hke coffec husk, cotton rcsrdues, Jetropha, castor bamboo ctc

Bromass cnerg-v rs one of the renewablc sources of cncrgy that rs ver) frequent In

dcvc lop r ng counfflcs ln I 9rh ccntury br omass wf,s ma r n source of energy as fircwood, latcr

on rt rras rcplaced b) fossrl fucls lt has numbcr offcaturcs because ofwhrch rthas bccn

galnrng populalty rn thc world. marnly rn thlrd world coun(ncs (McKcndry (2002))

B,omass rs the only form of renewablc encrgy sourcc that crn be rn thc shape of sohd.

hqurd and gascousfircl It rs storable and transformablc (H a ll and Scrasc (1998)) Itlsalso

bcrng prachcc m developed counFles Itcan bc tumcd rnto drfferent forms of energ) or

fuel wrth drfferent tcchnologres Fcng ct rl (2009) conductcd a casc stud) ofTrbet The

marn sourcc ofresrdcntral cncrgy ls blomass bccausc rt rs casrl) avarlable Thrs bromass rs

belng uscd \!rth netTiclcnt methods Its cfficrency can be lmprovcd wrth Resldcntral

B,ogas Modcl (RBM) lt rs cnvrronmcnt fflcndly and economlcall) vlable

There arc drffcrcnt forms of bromass. woody bromrss, brodrescl and brogas The most

common technologrcs for blomass energy arc drrcct combustron. co-fiflng. Saslficatron.

p)arollsrs. anacrobrc drgcstron. and fcrncntatlon On earth 30o% arca rs covercd b) forests
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from whrch 25% ls natural forcst and 5o% rs cultrvatcd Thc averagc arca of forest varlcs

geographrcall) Blomass rs contnbutrng around l4% ofworld s totel cncrgy consumphon

but 90% ofuood fucl ls bclng used rn the dcvcloprng countrles ofthc \rorld Forcst producl

mdustry gcncratcs two knds of rcsrducs, loggrng rcsrducs and lndustrlal by_products

Thesc two resrdues can bc the stflkrng sourcc offuel rfpropcrly handlcd (Parrkka (200-f))

Thcrc ls srgnrfictnt potentlal of short rotatcd cnergy crops Thesc crops can be produced

wrthout compromrsrng the area rescrved for food Hoogwuk ct al (?005) evaluatcd thc

avarlabrlrty ofthrc€ types ofabandoncd land whrch arc agrlcultural land, low-productrvltv

land and rcst land at global lcvcl for2050and2100 Pasture arca Is also excluded from

the analysrs Tt rs prcdrcted thal the abandoned l.nd has thc hrghest share of l0%o of surfacc

ofca(h rn energy crops potcntral Thcrc arc somc spcclcs oflarge uood) grasscs that can

servc as blomass encrgy Bamboo rs one of these Eood) grasses wlth more than 1200

spccres Its hcrght varles from l0cmto20m Chrna. Indla. Bangladcsh and Thalland arc

Asran counEles that contaln morc than 1000 bamboo spccrcs Agrtcultural Rescarch

Servrce ofUnltcd States has examlned the nmc bamboo specles for fuel propeflrcs Thesc

plants \\crc grown undcr controlled condltrons Thc clemcntal ash propcnrcs \rere

estrmated The healrng valuc of rhcse spccles was observed 1909-1S57 GJ/t for dry

bamboo (Scuilock ct al (2000)) Srtongctal (2012) r\amrned the tt!o specres ofbamboo,

Clmsung bamboo and Tong bamboo as a rcncwablc encrgy sourcc ln Tharland They

compared the bamboo qualrtrcs wrth othcr sourccs of bromass IlLe. bagasse. Palm fibcr,

empty frurt bunch. ncc husk etc and lound !hat rt was approprlate forclcctrtcrty Productlon

Hrgh Hcatrng Valuc (HHV) ofboth bamboos was hrghest to the allothcrcompared sources



The lowest ash of palm lcai Gtmsung bamboo and Tong bamboo wcie 0 72%'3 70o/. and

2 70% rcspcctrvely Sfltong et tl (2012) cxamrned 22 specrcs of Halophltcs that arc rn

abundanl rn the coaslal rcglon ofPaktstan [t ls non'food grass€s that can be used for bto

cthanol Thrs krnd of grasses can be cultrveted on non-cultrvatablc land wlth sahnc

resources

Brogas rs tnothcr form ofblomass cncrgy ln whrch bromass lnputs arc convc(cd lnto 8as

cnergy Many vrllagcs tn Paklstan do not havc e\cess to gas and electrlclty. but almost

eveD'vrllagc has llvcstock and agro wastc There are 159 mllllon anlmals that producc

almost 652 mrllron Lg of manurc dally The v,llagcrs' erc uslng thesc Ilvcstock and crops

reslducs ln tradltrontl way Thts tradltlonal practlcc ls not economlcal and cnvlronmcnt

fflendly Thls anlmal waste cln generatc l6 3 mllllon mr blogas pcr day and 2l mlllton

tons of bro fcnrlzer pcr ycar by brogas plant (AmJrd er al (201l)) Pakrstan rs gcttrng

23 57o of rts cnergy consumpt,on fiom thc tradrtronal bromass, whrch has thc cfficlcnc) of

l0o/o Rene[abte cncrg) technologlcs are gro*lng rapldl] ln Paktstan PaLlstan Councrl of

Renewablc Encr$ Tcchnologrcs (PCRET) ls plavlng slgnlficanl role ln lntroduclng thc

rcnewablc encrgy technologlcs ln irrill arcas of Paklstan It has establlshed ovcr 1200

brogas plents all ovcr the country

Blogas rs the most compatlblc source of cnergy to compcte the growln8 cnergy dcmand

Blogas plant manages the tvaste to produce gas that ls envlronmcntally posrtlvc The blogas

rechnolog) rs rery srmPlc end rall matcrlal Is readll) accesslble The unproblematlc

affordabrlrt! ofbromess elevalcs the soclocconomlc llfc of farmers (All ctal (2013)) Thc

form of encrgy wh,ch ls locally avarlable, reasonably prlced and casll) managed by thc
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natrvas. rs always a modcl sourcc of energy Anaeroblc dlScstlon of cncrg) prodtrctron

systcm rs onc oflhc tcchnologres tha! convcn anlmrl and crops rcslducs lnto cnerg) Thrs

systcm rs vcry srmplc, cost cffectrvc and cen functlon tn urban and rural araas on both small

and largc scalc (Amrgun (2012))

Jatropha Curcas rs garnrng famc as a fcasrblc source of brodrcscl becruse of rts strangc

fcaturcs lt produces non cdrblc frurts. survrves $tlh poor quallt) ofsoll, necds lcss natcr

and casrly stays a[vc rn scvcr hcat RaJaatrl (20t1) anal]zcd the Jetropha otl asabro

drcscl rn Indra Thc physrcal prope(les ofJetropha orl are srmrlar !rrth brodrcscl Thcsc

secds can bc prcsscd wrth an) srmplc orl prcsscr { kglctropha secds Provrde I lrterJetropha

orl thal can bc uscd rn any drcscl cngrne wrthout modrficatrons The vrabllrl) ofJctropha

oll has also been proved as a Jet fucl rn Nc\.r Zcaland Brodlesel from Jclropha rs also

practrccd rn Palrsran by Pakrstan Statc Orl (PSO) wlth the assrstance of Altemate Energ)

dcvclopmcnt Board (AEDB) end Pakrstan Councrl of Rcnewablc Energy Tcchnologrcs

(PCRET) Due to rts agflcultural basc and clrmatrc condlrons, the cultrvatron ofJetropha

rn Pakrstan $as proved fcGrble Thc first frurt l*as obtarncd after scven months of

cultrvahon Thc otl \\as lcstcd rn van cngrne urth thc blend of I0% brodrcsel There ts

enough polentral of gettrng cncrgy through rene\\ablc cncrg) sourccs malnly through

bromass Thc energ) from these rcsourccs rs casrly and cconomrcally e\plorlablc but duc

to the lacl of rnlerest by thc Govcmmcn! authofltrcs, rt ls not bcrnB propcrl) c\plorted lf

thc ararlable resources ofrencwable ener8) sources propcrl) ulrlrzcd, thc) ha!e abrl() to

managc and mrtrgatc the cncrg) cflsrs of Pahstan (Chaudhr) et al (2009))
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2.2 Dctcrminants of Economic Growth

Therc rs htrgc rcscarch on dctermlnants of economtc groMh and drffcrcnt rcsearchcrs

cmphasrze on drffcrcnt factoN whtch cffcct economtc Srol}th Such as Shehbaz et all

(2008) consrder finrncral developmcnl. forelgr dlrcct lnvcstmcnt. rcmtttances, tradc

openness and nflatron Thcy used quartcrly data from l99l to 2007 They uscd ARDL

approach to chcck lhc relatronshrp betwccn cconomrc 8ro\,l'th and sclcctcd varEblc Thclr

srudl shows posrtr!c relalronshrp betwecn economlc growth and financtal devclopmcnt.

remrttanccs and trade opcnness \r'hcrc as rnflatron ncgaovely affect the cconomlc growth

Another emplncal study has been carrlcd out by Rchman and Salahudtn (2010) more or

less Blth slmrlar varnblcs Thcy uscd market capltahzatlon, financrel developmcnt,

financlal rnstabrlrty, rnflatron mtc, forelgn drrcct rnvcstment, lrtcracy rale and stocl markct

Lqurd,D Thcyuscdannualdataforallvaflablcsfroml9Tlto200TThe)alsousedARDL

bonds to ch cck thc rclatrons hrp bcrwecn econom lc groMh and se lected vaflab les Th e maln

focus of thcrr stud) \ras on financral dcvclopment and thcrr stud) shows posttlve and

srgnrficant rclatronshrp bctr{cen cconomlc groE'th and finrnclal developmcnt Apart from

financral dcvelopment and other macro vaflables, some rcscarchcrs emphasze on cnetgy

vanables becausc dcficrency of cnergy has ncgatrvely and badl) effect the economlc

grouth of Pakrstan To chcck thc rmpact ofelectflcrt) consumptron on cconomlc growlh

Shehbaz and Frrdun (2011) used the ARDL bond approach and thcrr result sho*s that

cconomlc groMh Icads to clectflcrty consumptron but nol vlce versa

Energy from rcnewablc souiccs rs e prcfcrable ophon espccrally for lhosc countrles \!hrch

havc less amount offossrl fuel Encrgy gcncmhon optlons from renewablc sourccs can bc
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c\plorcd, rf thc technrcal and cconomlc potcntlal cxlst along l,lth thcoretrcal potentlal

Many rencwablc cncrgy sources havc srmrlar economrc features, e g , thcy havc hrgh fi:red

cost but lou or zero vanablc cost (Heal (2010))

Efficrcnt use oflocally avallablc rcncwable cncrgy sources can mltlSate thc forclgn energy

dcpcndency. boost up cconomrc developmcnt and crcatc cqulllbnum bctwcen envronment

and sustarnabrlrty Thc contnual supply ofcnerg) at affordabla prrcc decrcases the tmports

of fossrl fucls Thrs lcads towards the lmprovemcnt ln Balance of Trade and currcncy

stabrlrry (Ozturk and B'lBrL (2015)) E\plortatron ofrenewable encrgy sources gencrates

the cmplolmcnt ln dcvcloplng countnes lnstallatron ofsolar paneland wtnd rntlls requtre

heavy amount oflabor at rnltral level, but for runnrng requlrcmcnt lcss emplolecs nceded

Thc cncrgy from bromass requrrcs srmplc tcchnology but rt necds lnvolvcment ofworkcrs

for runnrng and managcmcnt on darly basrs Slngh and Fehrs (2001) has checkcd thc

potentral ofJob crcatron through thc rcncwable energy sourccs ln US They cstrmated thc

numbcr of }orkers rcqulred from fucl gathcnng lo lhc runnrng posluon of rcneEablc

encrgy powcr plants Thc result showed appro\rmately, 36, 4 and 13 workers for solar PV.

*rnd power and for co-finng bromass \.rerc needed cvcry ycar rcspcctrvely! rn ordcr lo

producc I MW ofenergy from each resourcc Llcra et al (2013) has dlscussed the case

stud) ofSpanrsh PV rndustry for forecastrng theJob crcatron lhrough the rencwable energy

technologres The] drvrdcd the supply chaln of Pv tcchnologrcs rn crght drffcrcnt stagcs

and anallzed thcJob c.eahon ln all stagcs Thc) found that lo gcncratc thc I MW ofenerg)

through Pv almost 29 5 worlcrs would bc emploled or 51.500 hours of labor requrred
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Moreovcr. the renewablc energy technologlcs pcnctrate thc wa) for ncw opportunltrcs of

dcvclopmcnt

Encigy from localll avarlablc rencwablc sources crcttcs ncw cmploymcnt opportunrtrcs

for domeslrc labor and sufficrcnt cncrgy for cvery sector ofthe counrr) Thls uhlmttely

rcsuls hrgh cconomrc groMh Apergls and Danulcnu (2014) lnvestlgate the long run

rclahonshrp betwccn rcnewablc energy and cconomlc Erowth They studtcd lhe 80

dcvclopcd end emer8lng counlncs of dlffcrcnt rcgrons of European Unlon. westem

Europc. Asra. Latrn Amenca and Afflc! Thcy also tnvesttgatc the slgn of dlrectron of

causahon bctuccn hro vanablcs They cnd up $rth thc result that rcnewablc encrg) and

economrc groMh have Iong tcrm posrtrve relatron rn selecled countrlcs Thc correlatlon

between thc renewablc cnerg) sourccs, cconomrc growth cnd mthgatton of Srcenhouse

gascs rs cx.mln€d by Sebfl and Bcn Salhe (2013) They use trade openncss and omlsslon

ofcarbon droxrde (CO2) as a control varrablc Thc rcsults ofthctr study show the posthve

rmpact ofrcncwable encrg, consumptrons on cconomlc groEth Tradc openness and CO2

also play posrtlvc rolc to boost up the rencwabl€ encrgy lndustr) Trade openness hclps to

promotc thc Crccn Tcchnology transfer to c\ploltthc rcsources, on thc othcr hand omrsston

ofCO2 put prcssurc on pollc) makers to rcducc lts omlsslon and develop rene\!ablc energy

rndustrv Srmrlar Stud) has bccn conducted by thc Srlvaetal (2011) Thc) checlcd the

rmpact ofclcctncrty gcncratcd by rencwable energy sources on economrc 8ro$th They

took four couni cs USA. Denmark. Portugal and Spaln and used Structural Veclor

Autorcgressrvc (SVAR) methodology to check thc lmpact of elcctncrty Scncratcd b)

rcncwablc cncrgy sources on cconomlc growth Thelr results shorl thal at the slartmg
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elcctnclty gcncratcd through r€ncwablc cncrgy has ncgahvc tmpact on CDP growlh cxccpt

USA but later rt has pos(rve rmpact on GDP gowth and also helps to rcducc carbon drorrdc

emrssron Rag}{rtz ct al (2009) anallzcd thc economrc effects ofall avarlablc rcncwablc

€nergy sources rn all membcr states of Europcan Unton wrth the help of NEMESIS and

ASTM modcls Thcy clalmed that cncrgy gcncratlon from rcnewable sourccs grcw by

30% from 1997 to 2006 Thc share ofclcctncrtv from rencuable sourccs rn consumptlon

was 13 7% rn 2006

Srlvr et al (2012) has estmated thc lmpact of renewablc elcctflcrt) on cconomlc Srot{h

rnd carbon dloxldc omrssron for four drffcrent countflcs Denmark, USA. Spatn and

Portugal Thc purposc of sclectlng thesr counlncs rs thcrr dlfferent geologrcal and

economrcal srluatlons They used thrce varrablc SVAR approach and data \\as uscd from

1961-2004 They have found that lnrtlally clectncrty from rcncwable energl sources harm

thc cconomrc growth cxcept for USA, but rt srgnrficantly reducc thc omrssron of carbon

drorrde Later, r\llh thc dcvelopmcnt of the tcchnology of rcnewable cnergy sources

eleculcrty bccomes cheaper and rt affccts the economlc gro\Ith posltrvel) Srmrlar srudy

has becn conductcd by Bozkun and Destck (2015) on OECD count cs Four countrrcs are

sclccted. two arc developed countrres US and Ccrmcn). \rhere as two lcss dclclopcd

countfles Italy and Turkey has been selected They used auto drstrrbuted lag approach to

lnvcshgrtc thc relatronshlp among cconomrc growth, tolal number of labor, reneuable

cnergy consumphon rnd gross fixed caprtal Thelr study concludcd that rcncwablc encrg)

consumptlon was posrtrvcly related wrth economy of US and Gcman) but negatrvell

related wlth thc econorhy of ltaly and Turle) Wc can gcneralrze from therr rcsults that



renewable enargy posrrrvely affect the economy ofdcvcloped countnes tnd negatlvely to

thc lcss devcloped countflcs

Thc modem world rs not rnterestcdJust ln cconomtc growth but also ln sustalnable groMh

Encrgy rs backbone ofthe country's groMh but conventlonal sources of energy arc not

onl) lmrted but also affcct thc cnv,ronment badly Due to whtch economlcs arc focuslng

on rcnewable sourccs of cncrgy, even somc dcveloped countrles llke Dcnmark arc

cmphaslz,ngto produce 100% ofthelrenerS) fiom rcncwablc sources Prod uc lng of cnergy

through reproducrblc blomass has got much a$entron tn dcvclopmg countncs becausc of

rts easrl\ avarlabrlrtv and srmple technolo$ (HoogwUk ct al (2005)) PaLrstan rs blesscd

\!rlh the potcntrrl ofrcncwablc cncrgy sourccs but strll ihls rndusrry rs not dcvclopcd and

not much emprrrcaland quantrtrvc rescarch rs avallable on rt
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Chapter 3

Methodology

Thc objechvc ofthls study rs to c)rplore thc potcntral ofrcncwable blomass tn Paklstan and

to makc compaflson ofdrfferent sourccs ofrcnelvable btomass Thc s(ud) also anallzcs

the rmpac! of rcncwable cnergy on economlc growth of Paklstan To accompllsh thc

oblcctrves, thc methodology chapicr composes of followrng scctrons

I Assessrng thc fcasrbrhy ofrenewablc blomass

2 Makmg comprnson ofvarrous rcncwable sourccs ofbromass

3 lnveshgatlng thc relatronshlp bctwccn cconomlc groE'th and rencwablc enerSy

sources

Sccaion 1

3.1 Fcrsibility of Rcncwablc Biomess

The feaslbrllty of rcncwablc bromass rs crplorcd ln drff€rent areas of Pakrstan The

comparrson ofdrffcrcnt sourccs of rcncwtble blomass rs made on thc basls of fi!e pornts

mentron belou

I Cos! of rnrtranng proJcct

2 Skrlls rcqurrcd

3 Expected rcvenuc

-l Envrronmcntal Impacts
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Thc rnformahon avallable from secondar)

dtfferent sources of blomass r c blodrascl.

Bathercd through Kc) Informanl Inlervlews

Scction 2

sources rs collectcd E\pert's opmron ebout

woody bromass. blogas and other sources ls

ln thrs scchon rrc want to anallzc thc rmpact of cnergy from rcncwablc resourccs on

cconomlc groMh In ftct, thrs study rntendcd to anal)zc lmpact of rcnewable blomass on

lhe gro\r,th but unfo(unatcly. the datt on thc rcnewablc bromass ls not avallablc Howelcr,

the rcncwable blomass rs a part of lhe rcncwablc cncrgy rcsources and an Incrcase rn

rcncwablc bromass *ould add rn thc rcncwable energ) Thercforc lhe rmpact of thrs

lncrease could bc anallzed by usrng the drta on the rencwablc resources

Under thls secrron modcls arc drscussed to find out the cffect ofrcnewable cnergy sources

on economrc grouth Whrlc calculatlng cffect ofrencwablc cncrgy sourccs on economlc

growth, thc study takes carc to find unbrrsed estrmatc of rcncwablc cncrgy sourccs on

cconomrc groEth There arc two marn sourccs ofbras rn a tlmc scflcs Data

Mrssmg vaflablc blas

Spurtous rcgressron

To deal wrth mrsslng vaflable bras. thc srudy edopts cncompassrng methodology A general

model for economrc grcwth rs consructed bascd on c\rstrng modcls and rt rs rcduccd aftcr

tcshng rcst ctrons It rs wcll known that rfa modcl rs over speclfied. rt contarns relevant

varlables as wcll as somc rrrelev!nt vanables. the paramctcr estrmatcs are unblased !nd thc

I

)

22



model cm be slmphficd by tcstlng approPnatc restrlchons on Yarlrblcs Thereforc lt's

bcttcr to start wrth Seneral modcl

3.2 Modcl Sclection by Encomprssing

A numbcr ofvaflablcs and modcls havc becn used by pervlous rcsearchers lgnorlng any

ofthcsc vanablcs wrll cause omrttcd vanablc bras, whrle tncludlng all varlables may make

the model drfficult to handlc end rnslgnrficant rcsults Thereforc thls study uses the

cncomplssrng approach to find thc bcst model for cconomrc gro$th

Thc cncompassrng approach ls drscussed below

Supposc Ml, M2 Mn arc modcls that havc becn uscd by the r€searchers

l\l l. Ml Mn wrll be esomatcd and separrtcl) ranlcd accordrn8 to lhclr standard error

Thc modcl wlth lowesl standard error rs selccted and comparcd urth other selccted models

and followrng hypothcsrs ls construct,

Ho (l) Mr cncompasscs M I

Ho (2) Mr encompasscs M2

Ho (n) Mr encompasses Mn

Thc model for wh,ch Ho ls not re.Jected, would be lgnored The vanables of thc modcls,

whrch would not bc encompassed by Mr would construct our specrfic model Then wlth

thc hclp ofgencral lo speclfic mcthodolog), thc rndcpcndent vanablcs whrch would have
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rnsl8nrficant effcct on dependcnt vartablc *ould be excluded after applylng somc

restnctlons

3.3 Avoiding Spurious Rcgrcssio[

To a!otd the spuflous rcgressron thc sencs wlll be chccked for statlonarlt) Thc spunous

regrcssron occurs rf vanablcs ln a regrcsslon modcl are non'statlonary and are not

corntcgrated Thcrcforc, thrs sludy wlll tcst varlablcs for st6tlonarlty and Colntegrdhon by

followrng tests

I Unrt root tesl

2 Engel and Granjcr tcst

ln order to rnvestrgate the posslbllrr) ofcorntegratron. rt ls first neccssar) to dctcrmlnc lhe

e\lstcncc ofunrt roots rn lhc data scflcs For thrs, wc appll' lhe Augmentcd Drckcy Fuller

test

Ly, = 0y,_,+25\y.t+ €,
r=l

Here 3)r rs first drfferencc scflcs lfB = 0, ( means thc seies ls non-stattonar) or t! has unlt

root and 0 < 0, lt means thc scfles rs statlonary
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3.4 Co-inlcgrelion

Tcst that all vrnablcs arc unrt root or statronary

I Vcflfy the statlonaflt) ofall vanablcs

2 Run the regrcssrons and obtarn rcsrdual scrrcs

YI = qr + prxrr + Err (3 2)

Whcre, X,r ls a vectorofall rndcpcndenl varrables

Appl) unrt root tcsl to lhc rcsrdual scflcs Err obtarncd rn stcp-2, tf thc rcslduals arc

statronary. corntagratron cxrsls Thc same method has becn adoplcd for tcstrng co-

lntcgralron Thrs rs callcd Engcl Cranger procedurc for lcshng co-lntegratton

3.5 Error Corrcction Modcl (ECM)

lf co- rntcgratron cxrsts, lt shows long run rclalronshrp betwcen dcpcndcnl and

lndcpcndenl !anables Thcn ECM has appllcd to check thc shon run rclatlonshtp among

the vaflables

Thc b.src form of ECM rs grvcn belo*

AYt -- d + godxH- BLEq-,+ ql

Whcr€.s rhc srnglc cquatron ECM rs

(j j)

Lvt= a + Pon'xt-Pr(ytr-P2xFt)+ Eft (j"l)

Thc effect of rncrcasc rn rndcpendcnt vanablc on dcpcndcnt varrablc rs dcprclcd b) po rn

shon run .nd the specd of rctumrng to thc cqurlrbnum after abnormalrty rs shown by thc

Br lfthe ECM methodolog) rs surtablc then th€ result ttrll bc'l< pl<0 The vartattons
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among dependent and rndependcnt vantbles * rll tcnd to stable long run rclahonshlp, lf thc

valuc ofECM rs negatrve and slgnlfictnt

3.6 Data dcscriptioo

The focus ofthrs study rs thc cconomy ofPakrstan For the potentEl ofrenewablc bromass

sccondary avarlablc data rs uscd To chcck the lmpact ofrcnewablc energ) on cconomrc

gro*th the data from World dcvclopment Indrcatorfrom 19E0-2013 has becn uscd

3.7 Explanation of Variebles

The follourng varrables arc uscd rn thrs rcsearch

Veri.blcs Dclitriton

Crowth rate ofGDP (Gr_Y) Growth ratc of CDP rs calculatcd by subtractrng lhe
prcvlous ycar GDP from currcnt ycar' CDP and thcn

drvrded by thc prevrous )car GDP

Caprtal (K) Log ofgross crprtll formahon (constant LCU)

Labor (L) Log ofemployed labor force

Combustrblc Rencwablcs 6nd Combustrblc Renewablcs and Waste (% of total energy)

Waste (Crc)

Electncrq Produchon from Log of Electflcrt)' Productron from renewable sources

renct\able sources (Er) (Kwh)

Elcctncrty Productron (En) Log ofElectic(y Productron (KWh)

Frnanclal Dcvelopment (FD) Flnancral dcvclopmenl proxres b) the credrt to pnlatc
scctor as share ofGDP

Forcrgn Drrcct Invcstmcnt Frnrncral opcnncss pro\lcs by forergn dlrect rnvestment
(fDl) share ofGDP
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Rcmrttances Forclgn remrttanccs rcccrved % ofGDP

Trad€ Openncss (TR) Tradc opcnncss rs calculated as [(cxports +
rmports/CDP] Thc values are ln constant local

curcncy unlt

Annual lnflatron (lNF) Annual rnflatron rs calculated by subtractrn8 thc

prcvlous year consumer pflcc rndcx (CPD from current

year'CPI and thcn drvrdcd by thc prevrous year CPI

Market Caprtalrzatron (MC) Market capltalzatron rs mcasurcd by the gross caprtrl

formatron % of CDP

Llteracy Ratc (LLTR) Log oflrtcrac; rrtc measurcd by the numbcr ofenrollcd
rn pflmary educrtron

Stock markct L,qurdlly Log of stocl marlet lrqurdrty measured b) the stock
(LSTL) tradcd as shrrc ofCDP

Electnc Powcr Consumptlon Log ofclecfrc power consumphon rn KWh per caprta

(LEC)
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Chapter 4

Feasibilitv of Biomlss Resource

Thls chapter dlscusses thc requrremcnt, potentlal and tcchnlcal analysls ofbromrss sources

Blomass rs a brologrcal matcnal, deivcd from hvrng organrsms whrch rs rcnewablc and

sustalnable It can bc convcrtcd lnto mrny forms ofcncrgy Irle clectncrty, heat, brodrcscl

and ethanol Thcrc are man) sourcc ofbromass that are mcntroned below

.:. Shon Rotatron Energy Crops

* Agncultural Energy Crops

* OrlCrops

+ Non-Woody Crasses

.! Aquatrcs

+ Agrcultural Rcsrducs

* Lrvcstock manure

* Munrcrpal SoId Wastc

4.1 Short Rotrtion Encrgr Crops

Man) bromrss sourccs comp se of drfferent woods that arc avallable duflng whole ycar

and the consumers do not hrve to rcly on srnglc sourcc Somc rescarchers prcdrct thrt rn

comrnB )ears bromass cncrgy wlll conrlbu[e l0-45% of\rorld prrmary encrgl dcmand and

many oI thcm conclude that shon rotahon encrg) crops *ould be thc partrcular bcst

rmperatlve bromass sourcc (Bcmdcs ct al (2003)) There rs no speclal tcchnology md

28



Ao
os

,-

rnputs requrre to grow thesc crops but to convert thcm lnto enerS) some cxrstlng

technology which rs bcrng practlcc for fossrl fucls can bc used Thrs typc oftcchnology rs

berng drscussed at thc cnd ofthrs toprc Thcse woods vaflcs rn nrture and characteflshcs

Somc ofthese ere mentroned bclow.

+ Bamboo

t' Popular

4,1.1 Wtllow

There are approxrmatcly 526 spccrcs of wrllou (salli) Man) of them are ln No[hem

Hemlsphcr€ and lcD lrftle rn Southem Hemlsphcrc Thcrc arc 375 spccres of wlllow tn

Asra*hrchareTl 29 perccnr of total worlds spccrcs Amongthese3T5 specres.328 arc

localor nahve toAsla (Fang (1987)) Ccnfuncsago, wrllow wasused for sorlconservatron,

wrnd breakcrs, baskets and mcdrcal by thc Egyptlans and Romans (Keolcran and Volk

(2005)) Latcr on rts usage was dccreascd for thesc purposcs bccause other mate al rs

avarlable At that momcnt. tts othcr featurcs are observed and tt ts culttvated to use as a

sourcc ofbromass

The) are fast gro.* mg and rn the fourth scason ofthelr plantatton, thcy arc ready to harvcst

and thcrr hcrght rs almost 15-20 feer The harveslrng can bc donc an) ttme after fourth

season after fallcn thc leaves

Plantatron rcqurrcments ofsorne of wlllow spcctcs are prescnted rn thc table 4 I as a sourcc



R.qofad T.mp

sandy, ch], lolmy

s{dy, chy, lo.my

s.ndy, chy, lonmy

s.ndy, cl.y, loamy

Imperfcct to
modcratcly

wrter-rcternrng

All oIthese speclcs can grow rn drffcrent rrers ofPaktstan llke Rawalplndr. Abbottabad,

Manschra etc Wrllow nceds morc amount ofwater comparc to other crops e\cept wceprng

\Irllo* They are rcady to harvcst aftcr l-4 years and ncw shoots wlll ,c-grow Thcy can

bc repcatedl) hancstcd up-to 15 lcars and can produce -{-5 toncs dD wood on average

Mostl) the) arc grown at thc banl ofnvcrs and lales becausc thc) can protcct banls and

work as a wlnd brealcr The) can also rcsrst agarnst pcst and dtscases

Rcqurramants for Willow

T.chtrology Rcquir.d

No pa(rcular tcchnologl rs rcqurrcd to producc wtllow Thc culhvatron mcthod could bc

easll] taught ro former rn remote areas

I
I
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Inputs

Watcr rs thc marn lnput nc€dcd to producc wrllow Thc) can grow cvcn on \\aterloggcd

arcas rnd convert thc arca lnto capablc ofcuhrlatron ofother crops Thcrc ls nonced of

fertllEcrs rnd nltrogcn rs taken by thc tree from arr

Phtrhng Dcsryn

The srtc prcparatron for wrllow necds much carc The) should be grown on double-row

fialds Thcse rows allow thc frce movemcnls ofag cultural cqurpmcnt and hlgh denslty

lf!he r\ rllows arc glown on long rows almost 4.000-8,000 trees can be plantcd ln one acrc

I1 rs also rccommended that a 2o-fcct gap should be malntarned aftcr evcry 500-600 fcer

arca along thc ro\\s Mostl) wrllow plantrng ls done wlth un-rootcd cutlrng and the lcngth

ofcuttrngs should bc 8-l0 rnchcs Aflcr the end of first season thc plants should b. cut

from the tuo rnches for getlrng morc stems In thc second and thrrd season utllous can be

fcrtllrzcd for gcttrng morc yrcld Aftcr thc fou(h scason wrllows are ready to harvcst and

therr herght rs almost l5-20 fect The harvestrng can bc donc any hme after fourth season

after fallcn thc lcaves

Hrrvcsting

The fallen lcaves cen add the nutrrents ln thc soll whlch helps bctter e[owth rn ne)rt season

The )reld of *rllow rncrcasc ln cvcry harvesr and to gct l1s full benefit at least seven

rotatrons should be complctcd In first harlest rt grves almost 3 7-5 I ovcn dfled tons pcr

acrc but aftcr two harvests yreld rncrcased to l2 tons (Scurlock ct al (2000))
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Economic AssGssmant

Thc plantatron and marntenance ofwrllo\r trecs to thc harvest tlmc rcqulrc almost 50,000/-

pcr acrc. lt lncludes the cost of plants, thelr plantrtlon. cuttlngs of trccs and thclr

marntenance The approxrmatcly yleld ofwrllo\\ ls l8 tons offrcsh orwet matter If thlsls

sold at thc mtc of300/- pca maund, then a farmer can eam almost 135000/_ Per acrc rn lhe

first harvest season 6

{.1.2 Brmboo

Bamboo (Bambuscae) b€longs to the largc woody grasses \rhrch has almost I,250 spccrcs

Its helght vaflcs from l0 cm to 40 mctcrs It rs bemg used as a source of food end fibcr ln

darl) routmc Ilfc 36 mrlLon hectarcs rs undd bamboo frces globally and rn Asra 24 mrllron

hcctares area rs undcrbamboo culhvahon They are grown naturally rn troplc and tempcrate

zoncs ofall contrnents e\ccpt Europc but mostly cultlvatcd rn subtroprcs regrons Only

AslacontarnsrtsI,000spcclesChrnaandIndraarcthcmaJorbamboo-producrngcountncs

( Scurlock et al (2000)) I n I 9 80s P.k rsten rmportcd some bamboo spcc rcs from Ch rna, Sfl

Lanka. Thar Land and Bangladcsh and cuhvated on pnvatc land

'htto //oeconlresror! oklrm.!er/uolo.d/bookrS 35
475ho.tx20Rot.oonn20Ma o.X20Retd X205hahn.waz odf
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Thc planrtron rcqurcments ofthesc spccrcs 6re.

They can be planted ln drfferent arcas ofPunJab, KPK and Azad Kashmrr Thcy can also

plantcd ln saltwatcr wctlands especlally on fie coast ofBaluchrstan rt sonmranr andJrwant

Inputs

Thc] requrrc much fccd and cven nch soll can bc dcplctcd after several plantahon so rt ls

better to fenrlzc the land Green manurc, wood ash or chemrc.l fcnrlzcrs can bc uscd

They grow bettcr under raln condrhons Thc) arc free from pcsts and drseascs but du ng

first ycar removmg ofwecds ls necessar)

Yi.ld

The )reld ofbamboo depends on thc productlon of culms rn clump Thcy are ready to

hawest aftcr five ycars lnd at that trmc mostly rt contarn srx culms p€r clump After every

)ear the numbcr ofculms rncrcascd and thc culms that ar€ onc or two yclr old should nol

be harvcstcd ln first )car of harvest lhc potcnrral )reld rs l2 ton pcr acrc wrth 200 plants

per care and 30 ron b) plantrng I000 plants per acre

sandy loam sorls750-1000 mm

Sand! loam and

chy loam

>1,000 mm
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,1.1.3 Popul.r

Popular rs fast growrng short rotatcd trec havrng almost 35 speclcs and nattvc !o northcm

hcmrsphere lt was ln abundance ncar the mcetrng place ofpubhc rn Roman Emplrc that ts

why rt ls famous ,rs popular trce It rs provldcs almost 20 mrlllon mr ofuood and fibcr

9loZofpopulartrccrsrnnrtural forests butnow rt ls b€rng planted raprdly Approxlmalcly

5 mrllton hectare ls under popular plantatlon and most of rt ls ln Chrna Ils plantatron

requrremcnts are

It can bc plantcd at (he bank ofRrvcr Indus malnly ln PunJab and Srndh Rotatron cyclc ls

drffcrent ln va ous reglons but mostly harvcstrng rs done wrthrn 6-10 ycars lts polenhal

yrcld also vanes for nch and poor sorls Thc yrcld rs low ln unrflgated and unfertllrzcd

arcrs but hlgh ln rrflgated land Yreld rangcs from I 25-8 6l dry ton pcr acre

SEiirbh

Loams, Sandy loams, Clay
Loams

Vcry Sandy sorl .nd Summcr
Floodrng Arces

B.low 5.5 rnd Abovc 7 5

380-1,400 mm Bclow 380 mm
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4.1.a Tccbnolos/ Rcqulrcmctrl

The technologrcs convcrt thc fccdslock rnto hcat or elccticrt) r\rlh e\rstlng technologres

that arc bcrng used for fossrl fuels ln thls proccss heat rs domrnant factor whrch ,s

generated by these technologrcs and thcn converfed to some othcr encrgy forms Marnly

thcse technologrcs rnclude Combustron. comblned heat and power, Casrflcahon and

P)..o1) srs

r- Combushon

Currcntll, prrmary method whrch rs bcrng uscd to convert the blomass lnto elecrflcll) ls

combustron ordrrcct firrng In th ls proccss fuc I rs bumt I nto bol lcrs to gcnerate the chem tcal

cncrgy stored rn thc fuel Any typc of fucl can be bumed but lt ts better to bum the fuel

whlch contarn lcss than 50o% motsturc contcnt [fthc morsturc contcnt ts hlgh tt should bc

drrcd first Mostl) the combustton ts donc on thc fempemture ofE00-10000C The amount

ofhcat produccd by the woods depcnds on thc type of fuet but gcncrally rt rs cstrmated lhat

one klogram ofdD wood generate 20 mcgaJoules ofcncrgy Thrs mcthod rs also used to

get cncrgy from fosstl fuels lke coal but bumlng wood ts ca.bon ncutral bccausc the \\'oods

relcase the samc amounr ofcarbon that tt has bccn consumed rhrough photoslnthests ln

thrs mcthod bromass rs bumed tn a borler to producc hrgh pressure stcam Thls stcam ls

used to rotate lhc turbtncs thar,s ltnked wtth clcctnc gcnerator whtch gencrate elccrflcrq

(Ovcrcnd (2004))
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b-.Colrtbincd H..t.nd Po\d.r

Elcctflc power and thermal cncrg) can be gencratcd from a stnglc source cfficlcntl) by

combrned hcat and poucr tcchnology Wrth thls tcchnologl separatc eleclaclty and hcat

from bumrng rs not requrrcd bccausc both crn be garncd rn srnglc stcp Mostly blomass

steam borler are lmated rn rndustncs orsugarand paper factofles nherewrste hcat ot steam

can bc rccovered and used for thc nccd ofheat rn thrt ,ndustry Combrncd Hcat and Power

unlts arc more efficrcnt comparc to othcr commercral thcrrhoclectnc unlts bccausc thermos

electlc unltsJust convcn rhe one thrrd olfucl ln o clecticlty thc resl ofthc heat rs 1\astcd

ln the alr \rhrch ls harmful cconomrcally and cnvrronmentall) The combrnc hcat and

powcr technology conve( the morc amount offucl mto energy

c-Grsilicrhotr

Casrficatron ls the process,n whlch bromass rs convcrted lnto flammablc gas through

partraloxldatron Typrcally the proccss ls done at the 800-9000C tcmpemturc Thrs gas can

be uscd rn many energy relatcd 6pphca(rons lllc rt can bc bumt drrectly or convened rnlo

electicrtv Thrs gas also can be uscd rn rnrx turbrncs \.rherc hcat and gas ls combrned to

produce clectncrtt Thc productron ofgas through glsrficatron from bromass p€rmlts the

productron ofmethanol that havc ihc potentlal to be used rs transponatron fuel (McKcndry

(2002)

d-Pyrolysrs

Pyrolysls rs thc proccss of decomposrng thc organrc mattcrs chemlcally and turns thelr

somc portron rnto llqurds somc portlon rn gas and rest ls soLd reslducs compflscs ash and
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carbon Thc prccess rs done rn thc absence ofoxygen and at lhe tempcrature abovc 4300C

The gas produccd ln p),rolysrs nccds some addltlonal dcalrng for thc removal of fabnc

filtcrs and wct scrubbers Ifflash pyrolysrs rs used rt can convert thc bromass lnto bro-orl

wrth the clTicrcnc) of80% Thrs orl can tc utrlzcd rn cngmcs and rurbrncs (McKcndry

(2002))

4.2 Agricultural Encrgr Crops

The feedstocl that contarns slgnlficanl amounf of sugar or any matcnal tha! can be

converted lnto sugar lrkc starch or ccllulosc can bc used to produce cthanol In thcsc da)'s

thc cthrnol whrch rs be,ng tradcd ln the markct ts sugar or starch based Thcse sugar and

starch bascd crops crn bc uscd to producc cthrnol Thc technolo$ whlch convert thc sug.r

ofthese crops rnto ethanol ls drscussed at thc end ofthts toptc Thcsc crops arc

Sugar Crops

St.rch Crops

a Wlcat

b Barley

c Com

{.2.1 Sugercanc Crop

Sugar crop rs long duratron (12-15 months) and very rmportant cash crop of PaLtstan ltts

grown marnly for sugar and somc other products lt ls ver) labor rntenslvc crop Masslvc

amount of labor rs requlred for tls plantatlon and harvcstlng Its plantatron requlrements

arc prcsentcd rn tablc 4 4

l

2
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loams, claycy loams, brown
.nd rcddrsh lo.ms

Very Sandy sorl canc

Bclow 5 .nd Abovc 7

75-150 cm Bclow 75 cm

Thc sngarcanc rs culuvated rn NWFP. Uppcr Punlab and Lor\cr Srndh 69Vo of tolal

productron ls produced rn PunJab Thc average productron ofsugar crop ls almost 55 tons

per hectarc rn Pakrstan l*hrch rs vcr) low comparc to othcr sugar crop productng countnes

hle Indrr and Brazll Ethanol from sugar crop ts clcan and lo* carbon fucl whtch can be

blcnded \tlth gasollne and can also bc uscd pure It ts esrrmared that one ton sugar canc can

producc 86 I lrtcr cthanol

{.2.2 Strrch Crops

Starch can be convcrted lnto sugar by addtng some actds and rhen convcrted lnto ethanot

Slarch ls obtelncd from grarns Thcrc rrc many gratn crops bclng culttvatcd ln Paklstan

|ke Wheat. Barlel, and Com
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Thclr plantahon requlremcnts arc rcpres€nted rn tablc 4 5

All thcsc crops are berng produced rn PunJab. Srndh. KPK and Baluchrstan 76Vo of total

1\heat productron rs belng produccd ln PunJab and 637o of total com productton ls berng

produced rn KPK Thc avcragc ytcld of whcat tn Paktstan ts 1,129 [tlograms per rcre

annuall), $hlch are appro\lmatel) 41 bushels and onc bushel can producc 2 7 gallons of

ethanol The average vreld ofbarley rs 74 br.rshcls pcr acre and one bushel can produce 2 4

gallons of brocthanol 122 bushels of com can be obtalncd from one acre and one bushcl

of com can producc 2 7 gallons ofcthanol

{.2.3 Tcchtrolog} RGqulrcmcnt

Ethanol from grarns can bc producc through followlng fwo rnethods

Wet Mrllrn8

Dr) Gind+

claycy lorm sorls
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WGt Milling

In thls mcthod grarns are soa[cd rn \latcr to male thcm soft Soft gratns are easlly separatcd

rn vrnous componcnts hkc starch, fibcr and gcrm To makc drffercnt products thesc

components are trcatcd separatel) Starch ls uscd to make cthanol

Dr! Crind

ln thrs mcthod all the componcnts arc trcaled tog€ther and are separatcd at the cnd of

proc€ss The graln ,s convertcd rnto flour and slurrcd wlth wttcr Thls slurry rs cookcd and

coolcd aftcl addrng cnzymes The )cast rs added lo make ethanol and b) drstlllrng watcr

contents can be removed and thc remalnrng ls 95o% pure ethanol

4.3 Oil Crops

It rs oblrous that cnlrre transponahon dcpcnds on pctroleum cnergrcs lrlc gasolrne, dlescl,

and lrqueficd petroleum gas (LPG) and comprcsscd natural gas (CNG) Thcse fossrls arc

berng dcpleted rapldly and world rs looklng for allcmatcs whrch can replacc these resourccs

vrabll Thcre arc some non-cdrble orl crops lhat can bc grown on margmal lands mcans

thcy arc not competrtor of food crops and thetr secds can bc uscd to c\tract oll That oll

can be uscd for transportatlon Erthout maJor modrficatlon of cngrncs (Ahmada et al

(2011)) Somc ofthese oll crops arc

> Jelropha

i Chrncs Tallow Trcc

> Rockct Sced

40



All thrcc crops can be cultrvatcd on troptcal or sub-troprcll rcglons on an] klnd of soll

wrthout preat care and fcrtrlzcrs There plantahon requlrem€nts arc reponed ,n table 4 6

Thcse oll crops necds lcss amount of watcr and evcn they can culhvated on margtnal or

lrastc lands Jetropha has bccn plant.d by the PARC Karachr and proved vrablc rn casc o[

Paklstan

Jetropha yreld rs htghly varrable rn drffcrcnt arcas under varlous condttlons It rs reponed

rh.t a srngle trc€ can glvc 0 2-2 0 kg sccds durrng one )ear In scmr-and areas ylcld Is

approxrmatcly 20-30 ton pcr hectarc. but undq bettcr condttton of mln fall and soll

condrtron ylcld can bc rncrcased to 8 0 ton pcr hectare Produchon yrcld ls also dlffcrcnt

emong rndlvrdual trccs It rs also rcported that Jctropha can grYc sceds unhl 50 years

(Francrs et al (2005))

The averagc yreld potcnhal ofChlnes Tallou Trec ls 14 mctnc ton sceds pcr hectare

annually Its sced consrsts of40-65 % ofvcgctable orl It ls cstrmated that 2442 lrrer oforl

can bc cxtracted from sccd ofone acrc trees and somc trmc rl can rcach up to 3673 lttcr

whrch rs hrgher then othcr secd orls LLe soybcan, sunflo*cr. safflower and rapc sccd

loamy and strdy solls

Chy lolm .nd srndy

Clay loam and sandy
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Mature phnt of Rocket Sced Crop ls comprtscs 20% sced and 80o% straw Sceds conslsts

35%oll content and rcst rsorl cakc Orl cakc can bc used as anrmal fodderor bumt to

gcncrutc hcat (Garg and Sharma (2014))

4.3.1 Tcchtrologr Rcquircmctrt

Thc culhvatron ofJctropha docs not rcqurrc any klnd of technology or lnputs but for to

cxtract orl from thc sccds lrnle machtncs arc requ,rcd It ls gcnerally prcsumed thal

sophrshcaled machrncs wrll gencrate more quantlfy ofotl that ls oot conect An clTicrent

machlne can cxtract the optlmum quantlry of otl whtch dcpcnds on thc sccd

To c\tmct orl from Jetropha sceds srmplc handmadc tools are bctng practtccd tn rural areas

Thc) arc srmplc rnd can bc practlce by ftrmcrs The) are some other tools whrch are also

berng used for cxtmctlon oforl Such as

Oil Prasscs: thcy are thc slmplc presses uscd for cxtractlon of oll Thcy arc mcchtnlcal

dcvrccs whrch can be dnven manually or can bc drtven through powcr The most common

prcss rs Brelcnbc.g ram prcss, whlch extract oll makc ollcakcs and soaps [t can cxtmct 3

lllcr o,l from l2 Lg sccds

Orl Expcllcrs: Thcrc arc drfTcrent tlpes oforl cxpcllers whlch arc berng used to cxtract orl

fromJctropha The mosl common orlcxpcllq ts Sayart oll c\peller Thls ls dlesel opcratcd

orl c\pellcr whrch lIas rnrhally dcveloped ln Nepal Now lt ls bclng uscd In other countncs

for ollcxtractron and prcparatron oforlcakcs ltsnew verslon \rhlch rs doven by electnclty

rs also a!arlablc rn the Markct

42



Thcre arc ccrtaln modcm tcchnlques rn thc marlet to c\tract orl from Jctropha and somc

ncw mcthods are also bcrng rnvcntcd

4.4 Non-Woody Gresscs

Short rotlhon woody crops are ready to harvesl wrthln 2.5 years bul there are somc non'

wood) grasses that can bc harvcstad on annuall) basrs Thcsc grasscs arc Just hlc solar

€nergy savcr lhat arc vcry casy to plant harvest and proc€ss Normally thcrr yleld ls hrgh

as comprrcd to othcr \,roody bromass sourccs Thc) can bc grown on number ofsorls and

nccds less amount of rnputs hle drcsel, ferttltzcr and tnsccttctdcs They can bc uscd tn

numbcr ofencrgy applrcatrons as a sohd blomlss, celluloslc cthanol and can be conve(ed

rnto pcllcls Plantatron requrrcmcnts ofthesc non-$oody grasses rs prcsentcd tn iablc.l 7

Thcse grasses arc bcrng produced rn drffcrant areas of PunJab, NWFP and Azad Kashmlr

Thcy can gror* on troprc, sub-troprc and tcrhpcmtc rcgtons on man, klnds ofsoll The)

can bc gro*n on unfclltlc land cvcn on coarsc rrlcr sitnds to hca!) cla) sotls lt can bc

Rcquircd TcEp

5 0 or.bovc

1,500 mm poorly w.lrnd cl.y
soil to cxtrcmcly
w'tercd srndy sorl

coa6c nvcr sandy sorls
to heavy clry sorls
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grown on dcgradcd lands, tn wastc watcrs or stlty lends Thcy can produce 20'30 tons o[

dry mattca per hectarc and dry maltcr ofonc ton can Slve 240 lltters of cthanol

4.5 Aquatics

Thc amount ofcndogcnous nutncnts ln takcs and rlvers rs rlslng duc to thc lncluslon of

wrste water of rndustflal, agrrcultural and household achvltles Thls water contamlnatlon

can bc controllcd by thc unltzatton ofaquatlc plants Thc plants thal can grow m *atcr.

wet sorls or on marshy lands havc cxcellent quahty to punf) thc watcr s lth llttlc opcratlons

These aquatrc plants glow mprdly and stan decaylng rf thcy arc not uscd lmmcdllly. so lt

cause anolher pollutlon But lf thcy c harvcsted and used as source of blomass can

Sencrate an equal amount ofcner8y wlth tcrcstrlal plants (Jlang ct al (2014)) Thcrc arc

two tlpcs ofaquatrcs

Mrcro Algac

Macro Algae

4.5.1 Mrcro Algrc

Mrcro Algae rs fast growlng unlccllular mrcroscoPlc plant ll docs nol Possess roots stcms

and lca!es Th€y can survtve tn sever cond(rons bccausc ofthetr unlcellular and slmplc

form.tron They are not ahvays ln green color Thelr color depcnds upon thc dommant

factor rn therrcclls Thcy e\lst allover thc c!(h Thcrc arc almost 50 000 specres of mtcro

algac but only 30.000 arc studtcd yet Mlcro algac are of two tlPcs' Ph)'topllnkton and

Pcnph)'ton Thc formcr spends thclr llvcs ln hangcd watcr and thc latct llvcs ln rocks'

rcsrdues and plant trunls They can changc thelr lntemal condrllons dependlng on



cnvrronmcnt Somc algaeJust consumc sun ltght and convert lnto chemlcal encrgy Somc

oflts spccles rcly only on orglnrc compounds and somc othcr splces Ingcst both sun llght

rnd organrc mattcrs

Llke other plants the) produce oxygcn They producc natural oll b) convcrtng the watcr

and carbon dro\rde ln thc cxtstence ofsunlrght Thcy are easlly cstabllshed, can grow wlth

lrttlc or no carc and consume lhc watcr \!hrch ls not consumablc by humans They requlre

almost 49 tlmes lcss arca compare to othcr blomass oll produclng trecs for productng same

amount of otl Cenerally thcy doublc thelr blomass w(hln 24 hours Thcl provtdc

fecdstock for vanous typc of blofuel llke brodtesel, mcthanc and ethanol Thc blodlescl

performs exactly ltkc p€troleum dlescl by omlftlng lcss amount ofcarbon dlo\ldc (Mata ct

al (2010))

,1.5.2 Mecro Algr.

Macro algae ls mulh cellular plant deprrvcd ofstcm rnd roots Somc oflts spcclcs can grow

rn salt water wrthoul competrng the land and fresh watcr for agrlcultural crops They can

change therr rnternal systcm dcpcndrng on thc cnvlronment \+here the) are growlng Somc

of rts specles requrrc morc sun llght and somc nceds less

Some of rts spcclcs can gcnente morc ,tfiount of encrgy compare to tcrrestnal plants by

I acqu'nng less land. for c\ample scawecd can gcneratc 13 I krlo gram dry uerght pcr mctcr

t
square annuall] as compared to sugar canc whlch producc l0 kllo gram per meter squarc

pcr ennum Thcrc arc dlffcrcnt \.rays for gencratlng energy from macro algae dcpcndlng on

the form whcthcr they are dry or wet Ifthc dgac ls dry lt can bc fircd dlrectly or Pyrolysls
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or gasrfied For usrng dry cncrgy tcchnlqucs rt has to bc drrcd Ilrst ln troprcal trea It can

bc d ed wrth thc sun llght uhrch do not requrrc fossrl fuels Watcr cvaporates \\rthrn 2-3

days To use algac at lndustD lcvcl coal-fircd borlers are bcrng used to dry thc algae whrch

arc not cconomrcallv lt's bettcr to dewatcr the algac bcfore lls cvaporatron

Macro algac can bc used m morsturc srtultron by convcrllng rn to bro-orl through

hldrothcrmal llquefactlon ln lh,s process oll rs produccd from wct algae through pressurc

and hcat rn the exrstencc ofcatal)sl Thc co-lrquefachon of mrcro and macro algae at the

tempcrature of3400C rs bcst, bccause rt generales Iess amount ofo\ygen and more amount

of nrtrogen Energy can be gcncratcd from solc algae or by mrxmg wrth other rcslducs

through anacroblc dlgestron Lke othcr blomass sources rnd thc rcstdues serve the necd of

fcnrl'zers (Mrllcdge et al (2014))

4.6 Agriculaurel Rcsiducs

Agrrcultural resrdues arc capablc to act as a sustatnablc source ofbromass Thc) arc eastl)

avallablc rn abundancc at vcD low cost The) are avatlablc round the ycar and thcy havc

the potcnhrl to serve many typcs ofcnergy tn cnvlronmcntelh, postttve wa) The potcnltal

of energy whrch can bc gcncratcd from thc crops rcsrducs rs grven rn tabte 4 87

'hnp //n.ws montab.y cofi.,lboene-E:l/2$6/07/ctop-resdues how m!ch,bronasecncty htmt
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RPR Ilcrtlng
V.lEc(mjr(g)

PrcductioD
of Crop (000
toI!)

Producaior
of Strrtd

Pot.rti.l
MWh

028 l6 0l 6,798 lE69 45 E,465

2t9 13 45 6,79E 14887 6 55,62t

261 12 46 4,944 13175 8 45,688

1.00 t5 46 4,944 4944 21,231

020 )6 6t 67,460 13492 62,250

022 12.93 67,460 14504 51,304

339 t6 21 t2,769 43213 I 194,91r

RPR= Resrdue to product ratro, rt shows the amount of avarlable rcsrdue for cach ton

produce

Productlon ofstra\\= Resrdue ratro mulnplled by the amount ofcrop produchon

Potentlal: productlon ofstraw mullrplred b) the lo$er heatrng value

From the find,ngs of abovc modcl wc can conclude that Paklstan has hugc amount of

agncultural resrducs Somc ofthesc resrducs arc used as a drl foddcr hkc flcc htrsk and

rrce streq \lhcrcas some arc used to bum for coollng purpose I c cotton shcls, but most

ofthem are bumt ln thc fields lfthesc arc collcctcd and uscd to convert rnto bro-fue1, the)
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can provrdc cmplolmcnt to the numbcr of pcoplc end can havc posttlvc lmpact on

cnvronment

Cort Estimitiotr of Agriculturrl R.uducs

Agflcultural rcslducs lndustry rs not dcvcloped at all m Paklstan and that ts \rh) thc valuc

and cost ofagflcultural rcsrducs rs not cstabhshed Mostl) the cost ofrt Includc gathcrlng

and transportatron cost as thc producton cost rs covcred by the rncomc of orrgnral crops

Transponatron cost dep€nds upon thc t)?c oftruck, drstance ofmarkct from thc ficld and

bulk dcnslty ofthc agncultural reslducs

4.6.1 Tcchnolos" Rcquircmcnt

Encrg) can be generatcd from agrrcultural rcsrdues from number ofexlstlng technologles

rc they can be drrcctly combusted lllc other woods. co-fircd wrth coal and can bc

converted lnto pellets Thcy can bc gaslficd and pyrolysrs tcchnrquc also can be uscd b)

consrdermg the type ofresrdue

4.7 Livcstock Manure

Lrvcstock manurc rs a \lastc product produccd by thc antmals Thls *aste ls recyclablc

becausc thc nufrcnt lrc not fully cxploltcd by the mlmal There ts posslbllfy to utlltze

thcsc nutnents \rrthout payrng for lhcm Thrs manurc can be convcncd rnto brogas wlth

srmple technoloBy
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{.7.1 Potctrhrl

Agflcultur€ rs v€ry srgrlrficrnt scgment ofeconomy of Pakrstan, as lt adds 2lo% to Cross

Domestrc Product md provrdes cmploymcnt opportunrtrcs to.t5% oftotal labor force tn

Pakrstan

Lrvcstocl\ scclor adds 55 9oZ rn agrrcr-tlture Thcre arc 76 8 mrlllon hvcstocl (Buffalo and

Co\}) avarlable rn Paklstan whrch gcncratc approxrmately 768 mrlllon krlogram manurc

pcr da) Accordrng to FAO h.lfofthls manurc rs collccted and used as fucl and fenlLzers

1n Addrtron to thal thcrc arc 68 4 mlllon goals, 29-{ mrllon shccp and 932 2 mrllron

poultr) whrch also producc huge amount ofmanure

4.7.2 T.chholog/ R.quircm.nt

Tcchnology requlrcment for brogas rs srmplc and casrl) adoptable Baslcally rt

rcqu[c four neccssary clcmcnts

> Orga ic M.ttcr

Thc bacte a that producc brogas tekc organrc mattcr as food Thrs organrc maftcr

rs fermyard manurc Thrs ls the pflmary source to produce brogas but thc amount

of gas cen be ratsed b) cddrng some food wastc or crops resrducs

;. Brctaria

The sccond neccssaryelcmcnt ls bactcna Thesc bactena con vert thc organ rc matter

rnto slmple acrds and thcn thcse aclds arc convcncd rnto methanc and carbon

dlox,dc by anothcr rypc of bacterra Norma lly thesc bac tefla c\ rst r n man ure and

fl ounsh under eppropfl ate condltrons
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> An.crobic Condition

Thc thrrd condrtron ofgcttrng brogas from manure ts abscncc of frec o\)gcn

Becausc thc mctabolrsms ofthc bactena nccd oxygen free envtronment

> HGat

Thc last neccssary clcmcnt rs heat Dlffcrcnt types ofdrgcstcrs are dcslSncd lo

opcratc rn drfferent temperaturc Somc dlgcstcrs can hcat up by artrficlal mcthods

By consrdcnng thesc four elemcnts drllcrcnt O?es of drgesters can be constructcd The

followrng lypcs of drgestcrs arc avallablc rn thc market and berng used accordrng to the

nccds and clrcumstanccs

Typcs of Digcstcr

Proccss of productlon of brogas *rth thc hclp of four clcmcnts Organtc ma$cr. Bacterra,

An6erobrc condrhon and Heat ls callcd anacrobrc drgcstlon Almosl evcry typc ofanaerobrc

drgestcr perform the samc baslc tasks They provrde the p.oper condltrons for the cxlstcncc

of bacrefla to produce methanc rn the abscnce ofo\ygcn wrth the rcductron of wced secd,

pathogens and odor There are wrdc rangc of anaoobrc drgesters whlch perform same

funchons rn lftlc blt drfferent $ay Thcrc broad categoflcs rre

i Passrve System

> Lo\l Rate S),stem

i Hrgh Rate Systcm
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Prssivc Systcm

Thls rs the most rne\pensrve and easlly adoptcd systcm In thls slstem broSts ls addcd rn

an e\rslrng dealrng componcnt and very llttle control ls performcd ln thc rcactor

cnvlronment The bcst cxamplc ofpassrve system ts covercd lagoon dlgesler

Covcrad Anrcrobic Lrgoon Digcstcr: Thcse arc the rn-ground dlgcstcrs, whlch arc

co!crcd by the mo!lng or flcxrble arr-trght covcrs For bctlcr pcrformance of thls type of

lagoon lt ls good to dlg two legoon whrch should be lntcrconnected Prlmary lagoon ls

covered and sccondary lagoon ls uncovcrcd Pnmary lagoon can storc mclhane gas and

secondaD l.goon for wastc and contamrn.tcd watcr that can be used for ficlds Depth of

pflmary lagoon should be as much as posslble lt wlll provtde best opponunlD for thc

bactena to survlve but secondar) lagoon docs not requtre much dcpth In hot clmates small

lagoon can $ork effectllcly and thelr seasonal vatlatrons arc also lo\\ But ln cold

tcmpemlurc therr efficlency not !cO' good .nd retenhon pcnod also hlgh Thc lagoon

should be on sorl whlch ls scalablc through b ro logrcal actlon Thc cover matcnal for lagoon

should be ultravlolct rcsrstant, hydrophoblc. tear and puncture reslstant. non-to\rc to

bactena Thelr manure compnsed 0 5%-2% sollds Therr retcnoon pcnod ts 30-45 dals or

lt depends upon the szc ofdrgcstcr

Low Ratc Systcm

ln low rate systcm anrmal manurc whrch rs addcd to the drgestcr rs fte mam source of

mrcro-orglnlsms whrch producc methane Sohd aetcntron pcnod and hydraultc retentlon
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peirod ls sam€ ,n thrs system Plug flow dlgestcr and complctc mlx dlgesters arc lhc

examplcs oflol} ratc systcm

Plug Flow Digastcr: Thcsc arc thc drgesters whrch arc loadcd \r'lth thlcL manurc of I I o/.'

14% sohds Mostly thelr cfficrcncy rncrersc wrth scrap manure Thcy can be covcred b)

the arrtrght sohd top or b) fleuble and floatrng covcr Th€ depth ofthc drgcstcr c.n bc E

fcct to 12 flcet accordrng to thc rr?e of sorl Thc mho bct$cen \+rdth and depth should bc

greater than I and less than 2 5 and thc ialro bct\rccn len$h and $ldth should be from 3 5

to 5 Thcy can worL rn normal and hot tcmpcmturc Thc rntemal or extcmal hcat e\chanSer

can bc used to retaln the desrcd tempcraturc ln thc drgesrer The water rn hcat e\changer

can bc r!!rm through brogas borler The surface ofdrgestcr can be rnsulaled to malntarn

the temperaturc rnsrde the dlgester For thc smooth worhng of drgcstcr tts tempemture.

outflo\ ofthe cmucnt and gas prcssurc should bc examrned regularl) Therr rctentron trmc

rs I2-80 drls but a plug flow drgcstcr can producc 70% to 80yomethanc wrthrn l5-20 da)s

Complcta Mixcd digcstar: These drgesters can be bullt above or undcr thc $ound and

madc by the concert. stecl or fibcrglass Accordrng to the type ol sorl and requlred volume

oftenk depth can be bct*ccn 8 fcet to 40 fect Thcse drgesters contaln a mrx tanl{. drgestcr

tanl. heahng and gas recovcry systcm and oudlow structurc ofsloragc Thc mrj\ tanl work

as a conuol pornt ln that tank srtuatlon ofmanurc rs adJusted by addrngwater rn dD manurc

and b1 addrng drl manure ln drluted manurc Fr\ed, flcrrble or floafrng top can bc used to

covcr thc tanL but rt should be gas nght Thcrr manurc compflscd 3-l0oz solds and

retcntlon pcflod rs I0-20 days To merntern prefcrrcd tcmperature e\lcmal heat exchanger
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can bc used to mr\ lhc fccdstock Thcy can opcratc m mesophtllc tempcmture ranglng 95o

to l05o F and rn thcrmophrhc tcmperaturc rangrng l35o to l45o F An e\tcmalor lntcmal

hcat e\changer can bc uscd to mamtarn thc requtre heat tn tank Insolatlon can also bc used

to control thc loss of hcat The mrnurc rn tank rs provtdcd on hourll'or darly basls and

tmnsfcr ofmanurc rs also donc on darly basrs For thc vcrtficatton ofnormal opcratlons ln

tank hclt and tempciarure should be monltored cvcry da) The covcrs of the tank may bc

rnspcctcd wcckly to chcck thc wear and tcar and cracks problcms Sludge rcmoval should

bc practlced aftcr 8- l0 )'cars

High Rrrc Systcm

ln hlgh rate systcm so|d retentlon trme rs greatcr than hydraulrc retcntlon hme ln thrs

system. to lnc.ease thc cfficrency ofdlgcstcr mrcrobcs are confined rn the drgester Sohd

rcclcLng, fi\cd film dlgcstcr, suspendcd mcdra drgester and scquenclng batch drgester are

the e\amples ofhrgh ratc systcm

Sollds Rccychng: In thrs method somc ofthc aclrvc bactenlarc relmbursed to thc dl8cstcr

Thrs dccreascs thc drgcstlon hme In plug flow dlgcstcr mrcrobes and solrds arc scttlcd ln

same drgcstcr but rn completc ml\ drgcstcr soLds are cstablrshed scparrtc and the manure

mrxturc \ahrch ls flch rn bactefla rccycled back to the drgcstcr

Fixcd Film Digcstar: ln thls drgcster malntarncd mcdra whrch rs madc by wood chrps or

small plashc bags gron methanc producrng bactcfla A thrn coatrng around medra callcd

brofilrn Bactcna arc convcrted to lhc drgcstcr to marntarn thc manure level ofthe drgester

Thls also dccreasc thc hydrauhc rclcntron trmc b) allo$rng thc constructlon of small
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dlgcstcrs An lsolatcd sol,d scparator ls also rcqulred to detech lhe elemcnts from the

manure Thrs may rcducc thc amounl ofm!nurc

Suspcndcd Madii Digastcr: In lhcsc dlgcslcrs bactcna arc hangcd ln thc dlgestcr to

marntarn rts flow on flstng Thc flow ls marntelned ln such a wa, that lt allows thc cirt of

srnaller panrclcs and rctatn thc larSar ones ln thls type ofdlgcstcr It rs trrcd to kccp thc

mrcrobcs rn thc drgcslcr around thc brofilm Occrsronally somc fakc mcdla ls also uscd

Therc arc two marn rypes of suspendcd mcdra dlSeslcr Up no* anaeroblc sludBc blanket

drgcslcr (UASB) and lhc rnduccd blanlel rcactor (lBR) arc thc marn t)?cs of suspcnded

medra dlgesters IBR worls bctlcr for Irquld manr.rre r*hrch comprrscs less than thrcc

prcscnt oftotal suspcndcd sohds UASB pcrforms bcner for solld manurc \lhlch contalns

sr\ to t$cl!c percenl oflolal suspendcd sollds

S.quanciDg Brtch Digcstar: Brctcrla whrch producc lhe mcthanc are retalncd ln the

drgcstcr Llqurds arc scttlcd t\rth sohdsby por.lrrng rt ln thrs mcthod drgcster ls fcd properly

wrih feedstocl thcn mrcrobcs and manure ls addcd lo rcact Solrds arc scftlcs and emuent

rs wrthdrlwn Thrs proccss has to bc rcpealed fivc llmcs tn a day for the rcgular gas

rccoveD Thc rctcntron perrod rsltrst fivcdays ThrsworLs*ell for llquld manure and rf

rhc bactcaa ld .ddcd rn lhc drgcster el thc slanrng ofthc proccss thls can *ork even for thc

complctc soluble organrc maner
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4.7.3 Tcchnicrl As!istrnc.

The devclopmcnt ofbrogas plant were startcd wlth thc cffo(s of rndrvrdual, thc first blogas

plantwas set up rn Srndh rn 1959

Govemment ofPakrstan has propagated the brogas tcchnology m the star of 1976, wrth the

target of rnstallatlon of 1200 brogas unlts Thc unrts wcrc constructcd wrfh stccl matcnal.

but thc) could not succccd duc to lrmfted hfc tlme ofunlt and dallJ' fillrng ofmanure

In 1986, Drrector Gencral, New and Reneuable Encrgy Sources (DCNRER) and Mrnrstry

ofPerolcum and Natural Rcsourccs rntroducc a schcme to sct up.1000 brogas plants In

thrs scheme 100 brogas plants \!cre constructcd *rth 100% subsrd) b) thc Federal

Covemment 507o ofremarnlng plants were constructed wlth 50oZ subsrdyon sccond phase

and subsrdy was removed from thc construchon of rcmarnrng 50o% plants on thrd phase

bul lhc tcchnrcal assrstance uas pro! ldcd t

In 2000. Bro Cas Suppo( Program was startcd *rth the hclp of Govemmcnt of Paklstan

and 1200 blogas plants weae rnstalled of household slze and thc results wcre not much

sotlsfactory

In 2007. Pakrstan Councrl ofRener!able encrg) Technologres (PCRET) sct a largct of2500

brogas plants wrth the subsrdy of Rs 17000/- pcr untt In two lears 2.000 plants wcrc

estabhshed but agaln thc problcm was stccl matenal ofdlgesters

I htip //www crtlahor. edu pk/erc/ERCWP/ERC-WP 14 pdf
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Up to May 2009. Pakrstan Darry Developmcnt Compan) (PDDC ) sct a target of450 brogas

plants but due to thc posltrve response of thc customer the number ofplants tncrcased to

556 rn July 2009 The cost ofthcsc planls was rangng from Rs 35,000 to Rs 40,000 and

50% subsrdy was also provrded by thc PDDC

In 2010. Rural Suppon Program Network (RSPN) tool tnrtratrve to develop the domcshc

broBas program Thc pro$am was dcvclopcd wrth the cooperatton of Covcmmrnt, non-

govammcnt and pflvate scctor Wlthrn fic hme fmmc of four )c.rs 5000 doom fype

drgester madc by bncks and cemcnt \Ierc constructed and 500 masons wcrc tralned e

{.7.{ Output E!timrtion:

Accordlng to Pakrstan Economrc SuNcy (2014-15) there arc 76 8 mrlLon ltvestoc[ (Cows

and Buffrlos) rn Pakrstan A mcdrum srze enrmal producc l0 kg of manure datly on

av€rage So. thcsc hvcstock can gencratc 76t mllhon krlogram manure dall) lf lt ls

assumed that half ofthe fresh manurc can bc collccted dally thcn there ls posslblllt, of the

ava,lablhfy of384 mrlllon krloglam anrmal dung on darly basrs Approxlmatel) 192

mrllron cubrc mctcr broBas (at the rate of 05 mr pcr kg ofanrmal dung) can be produccd

wlth thrs amount of manure Total popu latron of Pakrstan rs I E8 02 mrlhon and 70% of thrs

amount thrt ls around ll.1 197 mll|on resrdcs tn ruralarcas From thrs rumlpopulatlon we

can fulfill thc cookrng nceds of2926 mrlhon ofrural populatron can befulfilled b1 192

mllllon cublc mctcr brogass

' http //n.non com pkl.drrors-prcks/11-J.n-2015/b,ot.efut!r€'of'p!ntab
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4.7.5 Economic Imp.cl

Blogas rs mcthane flch gas lvhrch has the.brlrry to replacc thc all petrolcum, detseal and

elcctnclty ln thc rural arcas ofPakrstan As onc cublc meter btogas tscqual to64KWh

andone lltterotl rscqual to 10 KWh So r!mcans that one lrttcr dtcscl oll rs equal to l5

cubrc mctcr of brogas (Ahmad (2010)) A btogas consumcr famtly contarnrng 8-10

members can savc about Rs 3.000 whrch thcy spend on cookrng and generatcd blo-fcrtr|zcr

rs an e\tra advantage For 8 cubrc metcr brogas plant thc manurc of thrce bufTalos ls

sufficrcntlndthcrnvestmcntof65.000rupccsrsrequrred\|hrchrsrccoverablc\\rthrnl5

months Blogas rncrcase thc monthl) rncome ofrural farmers by savrng thcrr expcndrtures

from chcmlcal fertrllzcr. cookmg and llghtrng fuel It s also rcduces thcrr mcdrcal brlls

The feedstock and matcnal for constructron of plant of brogas rs locally avallablc, so rt

rncreascs thc number ofcmployees and demrnd ofbflcks and cemcnt companles It causcs

an lncrease rn productron and cmploymcnt of thc countr) Thrs ultrmatcly results hrgh

economrc $owth (Apergrs and Danulctru (2014)) (Khurshrd (2009))

4.7.6 ElrvironmaDtal bcncfi ts

Blogas energy rs carbon neutftl and rt produccs less amount of carbon dlo\lde (CO2)

compate to convcntronal sources ofcnergy as IKW ofelectflctty from brogas decrcase 7

kg of CO? annually (Ah et al (2013)) Convertrng anrmal dung rnto brogas through

anaeroblc dlgcstron can mltrgatc thc odor up lo 70-970% and pathogcns up to 99% (Whrtc

er al (201l))
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In thc process ofmanurc 10 blogas tofal amount ofammonla rs savcd and dtssolvcd amount

rs rncrcilscd by 10-15% Anrmal manurc comprlscs some Pathogens or vtruses that are

harmful for human and anrmal hcalth bur when manurc rs convcrtcd rnto gas, rt becomes

almost frec of these vlruses

Anrmal manure contarn amplc amount ofweed seeds that havc the potcntlal to grow evcn

after passrng from anlmal stomach but whcn rt ls uscd to gencrate gas thcsc tlccd sccds

lost thcll growrng abrlrty up to 9970 and thcn they are bcst fcnrlzers for thc sorl (Mrndc ct

al (2013))

4.E MuDicip.l Solid W.stc

Munlclpal solld was(e compflses so|ds. scmr-so|ds and non-soluble materrals Accordrng

to Mrnrstr) ofFlnance ( 1996) the amount ofsolld wastc rn Pakrstan \\as cstrmated bettrcen

0283-0612 kg per caprta on darl) b.srs and rncreasrng at the rate 2670 annuall)

Accordng to Economrc Survey ofPakrstan (2014-15). populatron of Pakrstan rs 188 02

mrllron [f wc apply growth ratc of waslc generatron annually and calculatc munrcrpal

wastc amount generated rn 2014 wc can get 173 79 mrlhon kg on darly basrs Thrs wastc

rs berng dumpcd rn landfills whrch causcs many cnvllonmentlll problcms Theamountof

\raste gencratcd and reached to the landfills depends on the slstem of\raste managemcnt

In Paklstan all the wrstc rs not rcrchcd to thc landfills *hrch pollutc thc arr, \rctcr and soll

lfthcre *ould be a propcr wastc managcmcnt systcm thrs wlste can bc uscd as a source o[

bromass aftcr scparatrng the rccyclable matcflal Thc hcat valuc ofsolrd munrcrpal wastc

rs cslrfiated 6 89 MJ pcr Lrlogram
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4.E.1 Tcchnology R.quir.mctrt

Bcfore convenrng thc waste lnto cnergy. lt ls preferablc to separate lhc recyclablc lnd

hazardous wastc from the munrcrpal sohd wastc Therc are numberoftcchnologres thrch

arc bemg uscd to convcrt the bromass sourccs lnto encrgy Brogas cen be generated from

munrcrpal solld waste through anaerobrc dtgestlon The technlques whlch lre bclng used

to convert munrcrpal sol,d waste rnlo encrgy othcr than anaeroblc dlgeshon are

IncrncralioD: Thls tcchnlquc ls uscd to convcrt the wastc lnto cncrgy. the mass bum

lncrncratron rs prcfcrable best ophon as rt docs not requlre extrt laborto scp.rate the mctals

and hazardous waste from mun,crpal sold wastc

Grsificrtion: It rs a process ln whrch the components of uastc are scparated at hlgh

tcmperaturc lnto o\ygen-starved rcaclors Thrs process ts also belng used for ml\ wastc

and syngas rs cstabhshed rn thls proccss whrch consrst of methane. carbon droxrdc,

h)drogcn. carbon mono\rdc and \rater vapor

In thrs chapter we havc analyzcd thc potentral and the hamessrng requrremcnts ofdlffercnt

sources ofblomass ltcan bc concluded that Pakrstan has morc than cnough potcntEl of

blomass sourccs and almost all sourccs arc explortable by uslng the lnputs a!arlable wrthrn

the country Most ofthc resources do not rcqurre any tnputs but somc ofthem requlre some

tcchnlqucs and tools to convert thcse rcsources rnlo fuels It can also conclude that slmplc

unskllled tebor can also partrclpatc rn e\plorlahon ofbromass sourccs Thc exploltatlon of

these resources can havc posrtlve lmpacts on envrronment and economlc gro\\'th
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Chapter 5

Results and Discussion

5.1 Model Spccificetion

Thc sccond oblectron of the rcscarch was to enallzc the ,mpac! of rcncwablc cnergy on

cconomrc growth In thc past rcscarchcrs uscd the dtffercnt models to Investlgatc the

dctermlnant ofeconomrc grou4h Thcre ls no! a slngle and spcctfied modcl whlch Is uscd

to determrne the cconomlc gro$1h Wc selcct cncompasslng methodology to avord the

mrsslng vaflablcs btas lIhlch was not consldercd by thc prevlous studles We have sclcctcd

onc basrc grolllh modcl and three modcls uscd for Plklstan cconom)

Modcl: I

The followlng model rs based on Branson 1988 Thls ls augmented verslon of solo

productron funcuon augmcnted for encrg,Y usc

Y : ALo l< P E<t-d /r)

To analyze the drffcrcntlal rmpact ofrenewablc cncrgy uscd, a sLghtly modrficd versron of

the abovc cquatron Wc dlffcrcnttatc thc energ) lnto renewable and non- tcne*able.

rhcrcforc cquatron trkes followlng form

Y = AU K'Cre'Er" En

Takrng Log transform

(l)
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In -y = ln(a) + a ln(/) + P ln(k) + r ln(Cre) + 6 ln( Er) + (1 - a - i - f - 6) En + e

Whcrc Y rcprescnls lotal outpu!. L labor, K cap,tal, A total factor productrvrty, Cre

combustrblc rcneqables and waste. Er Elcctnclty Productron from rcncwable resourccs

and En Elcct crty Prodrcttol, a, fl, y ahd I arc thc output claslrclty's ofcapltal. labor and

energ), respectrvcly These values arc constants determrned b) avarlable tcchnolog)

Modcl:2

Shahbaz ct al (2008) estrmated the cconomrc grouth ofPal.rstan b) usrng thc followrng

model

GDPR = Pr+ ptFD+ P:FDI + AREM + PITR+ P61NF + E,

Where. CDPR rcprcsents GDP per caplta. FD ls flnanctal dcvalopment pro\les by the

crcdrt to pflvatc sector as share ofGDP, FDI ls financtal opcnncss proues b) foretgn drect

rnvestment share of CDP. REM ls foretgn rcmlttances rccel\ed % of GDp. TR ls trade

openness whrch ls calculatcd by dtvldlng thc tota I trrdc by CDP and INF ts annual uflatron

Mod.l: 3

Rehman and Sl.hauddrn (2010) cstrmatcd thc economrc gro\\th rn Pekrsun for the peflod

of l97l-2006 w(h annual data by usrng the followrng model

LGNPPC = At+ AIVC + qLFD+ ALF\,FD + paNFR+ p,LFDl + q6LLTR+ ALSTL+ c,

(3)

(2)
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Wherc LGNPPC reprcscnts LoB of real GNP pcr caprta. MC rs markct capltahzahon

mcesured by total cap,tal as share of CDP, LFD rs log of financral dcvclopmcnt measured

by the credrt avallablc to the pnvate scctor as share of GDP. LFNFD rs log of financral

rnstablllty mcasured by thc standard dcvratlon of lnflatlon rates. INFR rs lnflatron ratc

*hrch rs calculalcd by subtrachng thc prcvrous )ear consumcr pncc rndcx from cuncnt

)car consumer pflce rndc\ and thcn drvrdcd by prcvrous )ear consumcr pnce rnde\, LFDI

rs log of forergn drrect rnvcstmcnt as share of GDP, LLTR ts log of lltcrac), rate measured

by thc ratro ofpimar) completlng populatron to total populalron, LSTL ls log of stocl

markct Irqurdrtv rncasured by tlre stock traded as sharc ofCDP

Modcl:,1

Shahbaz and Fendun (2011) has chcclcd the long run relatronshtp berween cconomrc

gro*th and elcctncrq consumptlon ln casc ofPaklstan

Therr model was

^LCDp=pa 
+ A, +LL^LGD.,, +Lp.ME(',_, + BlLGDp,_, + p'LE('f, , + e

(1)

Whcre.

LCDP rcprescnts Log ofCross Domcstrc Product and LEC rcpresents Log oIElcctflcrty

Consumphon

Thc models Ml, M2, M3 and M4 arc estrmatcd through OrdrnaO Lcast Square (OLS) and

thcrr Standard Error (SE) arc Bvcn rn the folloErng tablc
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From abovc table. rl rs evtdent that Ml has thc smallest standard error Null hyporhesrs

$hrch rs

Ho(1) Ml encompass Ml

Is lested agamst M2. M3 and M4 The results ofcncompassrng tcst are glven ln followrng

trble 5 2

The resulls oftablc 5 2 rmpl) that Ml cncompasscs thc remalntng models tc produc on

functron mc ludlng energ) wrth lts parts ln other words we can rgnorc models M2. M3 and

M:l Sornourfinal model the yanables of M I re Labor lnput, Captral Input. Combustrble

U herc r and " sgnrfies egnrficancc l.!cl ar 5Dlo rnd l o/o



renewable and Waste (% oftolal cncrg)) Elcctflcrty produclton from rcne\tablc sources

(KWh) and Electflclty productron (Kwh) are rncluded Thrs model offcrs befter

e)Lplanatron ofgrowth lhan man) othcr modcls Thc encompassrng hclps us to select thc

followlng modcl

ln y = ln(a) + a ln(/) + p llr(k) + / ln(cre) + 6 ln(Er) + (l - d - P - r - 6 ) En + e

5.2 T.sting for thc sartionrry

To chcck the statlonar) propertlcs ofvarlablcs. Augmented Drckc)-Fuller test ls apphed

Lcvel and bounded scflous arc scparated and dnft and trend are added wherc nccessarl

Thc rcsults are grven rn table 5 4

Test Shtisttcs

None

Constant

Const4nt

Constant

Constant

Constant

Irg

0

2

2

2

2

2

t-adf

-r 032

-1.586

-t 819

-3 0l5r

-l 633

-2 95r

(d)

(l)
(l)
(l)
(0)

(l)
(r)

All the vanablcs rn our final model rncludlng dcpcndcnt and tndependcnt are tested for thc

order ol rntcgratlon Optrmal lag length ts sclect€d on the b6rs of mlntmum AIC. tt rs

evrdent ftom thc table 5 4 that file sencs out of stx has unlt root So tn order to avold lhc
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spunous rcgrcssron lt rs neccssary to chcck thc co-rntcgraoon Beforc chcclrn8 thc co-

rntegratlon among thc sefles. checkrng ofunrt root m rcsldual sencs rs also nccessary lf

the resrdual scncs ls slatlonary and value rs negatrvc. rt means co-rntegtatlon c\lsls

The rcsult shows that cror term rs statronary so wc can concludc that long run relahonshrp

eirst among thc vaaablcs

5.3 Long Run Reletionship

Thc dbove model ls esumatrng by uslng OLS and rcsults are gtven ln table 5 3

Thc coemcrcnts and standard error of the lndcpcndenl varrables are gNcn rn Tablc 5 3

The results rcvcals that the caprlal lnput and clect clty from rcncwablc encrgy sourccs arc

Whcrc r+ 5rgnrlics srgnrfic.ncc lcvcl al59o.nd loo

-12.7932.

01283

0 r458

8 6716t.

-9 9I E3I

wherc + and .r yBnrfics sre.rficlnoe lc\cl al 59o and lo.

65



srgnrficanl on 57o lcvel of srgnrficancc Accordlng to rcsults caprtel lnput rs negatrvel)

assoclatcd \rrlh gro\tth mcans tncreasc rn c.pltal causcs dcclrnc ln growth bccause of

convcrgcncc hypothcsrs, whcrcrs clcctrlclty productlon from rencwablc enerSy sourccs

posrtrvcl) assoclatcd wrth gro$'th mcans Incrcasc ln electrlcll) productlon from rcnew2hl'

cncrg) sources lcads to rncreasc tn gro\rlh Combusllble renctrable energ; and elcctrtcln

affccts ncgttrvcly growlh tnd groMh ln ttbor cfTccts posltlvcl) but .tl thcse lhrce varlablcs

proved rnsrgnrficant

5.4 Short run rcl.tionship

Error corrcctron model rs used lo find thc shofl run and long run rclatlonshrp betwcen

growth rete and rndcpcndent varrablcs *hrch arc Capltal. Labor. Combusttblc renewablc

energ]. Elcctncrty productron from rcncwablc cncrgy sources and clcctrlclt) produclron

Frrst drffcrcncc ofall scnes rs takcn and thc rcsults arc glvcn ln followrng table

Cocfficicnt Std Enor t-valuc prob

t 43186 0 8652 -166 0 l0E6

0.155828 4.265 0.0355 0 97

26 4650 25 51 t04 03r02

4-92Mt5r. 0.12l8 -2 84 0.0085

4 53800 3 047 r49 014t5

-2 687 t6 7.291 -0 36t 0 7157

I08849.. 0 t631 -6 65 0 0000
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Mcrn(DGRY) 0 0377825

No of prrlmct rs 7

Durbin Watson strt I 73

VlI (DGR_, 3.91457

\\ hcrc " srenrfics srg ficec.ld.1at59.edl06

Thc cocfficlent of ECM rs negatlvc rnd srgnrficant, whlch means thc model ls In

equ,hbflum ln long run From the results we can concludc that caprtal labor and clectrlcrtv

from rcne*able encrg) rs posrhvel) assocEted wrfh $owth rn GDP. mcans rncreasc ln

thcse varrables wlll lcad to lncreasc ln groMh rn GDP Combustrble renewables and waste

and eleckrcrn,productron arc negahrely lrnlcd ,irth growth rn GDP These vanablcs do

not affect the gro${h rn shon run bul they hrvc lmpact rn long run [n prcsence ofcncrg]

other vaflables exccpt capltal rnput possess no c\planatory poucr Thc seporate cshmahon

oflhcsc vanables may grve srgnlficant rcsults
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Chapter 6

Summary of Findings, Conclusion and Recommendation

6.1 Summery ofFindings

The obJectrvcs of thrs rescarch rs to explore the potenhal of blomass rcsources and to

lnvcstrgatc thc rmpact ofrenewablc cnergl sources on economlc gro\\,lh The research has

bcen drvrded rnto tllo parts ln thc first part ovcrvre,r of bromass resources rs prcsentcd

and rn the second part rmpact ofrcnewablc cnergy on cconomrc growth ls anrl)zed It ls

found thal Pakrstan has hugc porentlal of almost all typcs of bromass resources

E\ploltalron ofthesc rcsourccs rs not compalrble *1th other food and agflcultural products

Most of these resourc€s arc consldered as a waste and berng dumped or burncd to gct fld

ofthcm

The c\plortaoon ofbromass rcsourccs rs for.rnd fcaslble and renc*able encrgy has posluvc

and slgnrfrcant rmpact on cconomrc growth

Many orl crops lrke Jetropha- Chrncs Tallow trce and roclct secd crop can bc grown on

margrnal and barrcn lands They can be gro*n *rthout any fcnrlzers and pestrcrdcs Thcrr

seeds can be crushcd casrly lA,rth any secd crushlng machrnc TheJctropha orl rs tcstcd and

found fcasrble for use as aJet fuel The seeds are not useable forhuman berngs bccausc of

bttcr taste
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Sho( rolalron energ) crops can also be plantcd on wct land and at thc bank ofrlvers and

lakcs The) do not only scrve as fucl but also control soll croslon and strcngthcn thc banks

Bccause of bcrng short rotated thcy are caslly rcplaccd and do not rcduce thc forests

Srmrlarl) non-woody grasscs can be grown on cmpty lands Most ofthcse grasses are

grown fordual purposes. rn carly season thcyare used as fodder and latcl) used as blomass

Mostly thcsc gmsscs are gro\tn on troplc areas nceds less lnputs lnd can be harvested unhl

l0 )cars lrlthout replantatron These grasscs arc known as solar cncrg) collector and

produce fivc ttmes more cncrgy than they takc to Srow The agrlculluml rcslducs trhlch are

berng bumt ln the ficlds that rs ne(her fine for atmosphcrc nor for thc freld ltsclfand havc

thc potenhal to bc served as an encrg) purpose

Managng munrcrpal solld waste rs also a great trouble for developrng countrles but that ts

bctter ln produclng bro gas comparc to ltvcstocL manure Dlffcrent tyPcs ofaquatlcs can

transform the polluted water mto consumeble b) thc plants and anlmals wlth productng

lircls Llvcstock manure rs also thc blggest sourcc ofbro gas and can gencratc I9 2 mrlhon

cubtc meter blo gas on darly basts The plantatlon. managcment and requlrc technolog) of

thesc resourccs rs also analyzed and found fcaslble for Pakrstan

To find out the rmpact of renewable energy sourc€s on economrc 8roE1h encompasslng

mcthodology rs adopted Spunous rcgrcsston rs avorded through unll roottestlngand Engel

and Grangcr co-r ntegratro n tcst Thc mode I \r hrch rnc ludcd the var rables of clectrlc I ty fiom

rcncwable energy sources and combustlblc renewablcs and !vaste was lound final mod€l

Combusublc rene*ables and wastcs rs ncgetrvely assoctated wllh economrc 8rowlh ln shon



run and sratrstrcall) srgnlficant Whcrcas lhe vanable of cleclncrl) productlon trom

rcncwablc sourccs was found postltvcly essoclated wlth cconomlc Srowth and slalrstlcally

srgnrficant rn long run

6.2 Conclusions

Pakrstan rs agncuhural and encrg) deficlt cconom) Blomass ls dlrcctl) lrnled wlth lhc

agrrculture and can also hclp to tncrcasc the cconomlc growth Thc rcductlon ln rmports of

fossrl fucls l}lll lcad lo dccreasc rn rmpon btlls and clrcular debl. becausc all thc sources

ofbromass arc rn abundance end can bc castly eiplorlcd

The conccpt of rcncwablc cncrgy rs not ncw but rt has gatncd the speclal ancntron after thc

Kloto Protocol r0 and Pcal Orl Theorl r r On thc one stde thcrc ls danger of lhcrr dcplctron

and on lhc other srde they arc badly effectrng thc cnvrronment So, the sustalnable

developmcnt cagcrly dcmand the cxplortatlon of renc*able cnerB) sourccs The

technology rcqurrc to e\plort thcsc rcsources ts vcD stmplc and can bc casrly taughl to thc

farmers .nd other vrllagcrs For c\lmplc thc constructlon of dlScslcrs rs eas) and rcqurrc

srmplc labor Thc constructron matcnal rsalso locally avatlablc Thrs$rll lcad lo generatc

thc nc$ opponunrtles of cmplolmcnt and wlll reducc lhc burden of lmports and

uncmplo]ment Thus. encrgy from rcncwable sourccs nol only can elcclrtf\ lhe remotc

rD Th. kloro Pro(orol ,s rn rnt.manonrl lrc.rr\. $hLh c\rcnds lhc l9e2 I trrrcd NJronr Frdmc$orl'
( on\Lnhon on ( lrmJr! ( hsgl (t \F( C( )rhrr comm,r \rrrL I']rnrls ro rcJuLr -srLenhou\! gNs Lm'sron\
hsLd on thl frcm,\c rhJr rJ) BlobJl $.mrn-s e\,sr5.rnd (hr man'made CO' .m,snonl hdr c laused ,l

L'Pcal, o l, an e\ent hased on V Krn! Hub.rt's rh.or-1 rs rhc po,nr ,n t,mL $h.n lhc nra\imum rJr ,,r

.\rELIron ol pcllol.um h rrrlhld rfirr sh,!h ,r rs c\p.cr.d ro.ilcr I!.hLnJL J.LInL



vrllagcs, provldcs fuel for vchlclcs, managcs thc agrlcultural wastc and munlclpal waste ln

an cfficlent way but also tmprove the cconomy

The use ofbromas for cooLrng purpose lnstcad of fire woods and dungs can dccrease the

health rssucs ofwomcn and savc lhctr tlmc Thc systcmatlc c\ploltallon ofblomass sourccs

\r rll rmprovc the cnvrronment condltlon by reducmg the carbon dlo\lde omlsslon

Impact of rcncwablc cnergy on

ncrghborng countncs havrng same

hamessrng thc bromass rcsources

6.3 Rccommendations

economtc groMh rs also provcd cmplncally The

geologrcat and gcographtcal sttuattons are far ahead tn

On the basts of the rcsults of thrs research, wc can havc a clear ldca about the theoretlcal

potcntral of bromass resourccs \rhereas. thc lmpact of rencwablc enclgy sources on

econom rc groMh rs found empr rrcally It ls also evldent through lltcrarurc that nel ghborl ng

countnes ore rn bettcr posttron than Paklstan There should bc more rcscarchcs tnd

dcvclopments on the hamcss,ng mcthod and technology ofthesc resources Thc authontrcs

should take robust and senous actlons to hamcss all sourccs ofblomass not only llrcstock

manurc A comprehensrve pollcy rs needcd to utlllze all these resources constdenng thelr

tlpes and posslbrlrty

There rs 88. 76.313 acres as culturablc wastc land tn Paklstan $hlch can be uhllze to plant

thc oll crops. non woody grasscs and somc short rotatlon energ! crops The utlllzallon of

thrs land urtl Incrcasc the encrgy productlon wlth lncreaslng thc employmcnt oPPortunltles

rn Pakrstan
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Thc nced ofgas rn vlllagcs can be fulfillcd through blo Bas tnd brodlescl can be uscd for

transponatron Thc brogas dlgcstcrs can bc constructcd on landfill arcas.nd the dumPed

wastc can be utrlrzc to producc gas Instead ofpollutlng thc area Thls gas can b€ transfcrrcd

to any ncarcsl grtd statlon to producc electrlclty The saved gas from housc hold

consumptlon and tmnsponatron can be provrdcd to lndustrres Drffcrcnt tlpes of aqr'nttcs

can bc planted rn potlulcd lakcs and rtvcrs by thc lndustrtes chcmrcals Thcse rquahcs can

punfy thc watcr $hrch ls useablc for plants and antmals and aquattcs can bc harvcstcd lo

ser!c as a sotircc ofbromass Thus. cncrgy from rena*able sources not onl) can clectrlf)

the rcmotc vrllagcs. provrdcs fucl for vchrcles, managcs lhe agrlculturll wastc and

munrcrpal \laste ln an clficrcnt way bul also lmprovc the econom) Thcrcfore. sllght

subsrd) on awarcncss crmpatgn of rene\rablc cnerg) can shcd lrght on the problem of

cncrg) cflscs whrch lcads to rhc actt!e *ork and cffo( for It $hlch rn resuk trlll overcome

cncrg) cnsrs

Thc study has provrdcd lhe oveftlew of bromrss rasources It could be ln more detarl and

dcpth but due to thc constrarnt ofdata the emprrrcal analys,s of all bromass rcsources could

not bc done
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