
ABSTRACT

This study pertbnrs a comparativc sustainability analysis oi biocneL-sv s)'stcms ln

Gennany and Pakistan. Lrtilizing a t'nulti-methodological tiarlle$ ork-Analytic

Hierarchy Process \ ith Simple Multi-Attribute Rating Te chniqLte Erploiting Ranl<s

(AHP SMARTER), Lif'e cyctc costrng (l-cc), Life cycle Asscssmcnt (LCA)' ancl

Multi-Criteria Aualysis (MCA to assess environmetltal, ecollolrlic, and social

pcrfbrmance across biogas and biofr-re1 procluction pathways' Results indicate

substantial discrepancies: Germany's bioenergv systems have exceptional technological

efficiency (95% feeclstock conversion rates) ancl policy-driven scalabillty, attaining 60-

70%o rcductions in grecnhouse gas (GHG) cmissions through sophisticatecl digcstate

management and grid-integratecl biomethane. Nevedheless, dependence oll

monoculture f-eecistocks (e.g.. n-raize) presents biocliversity trade-offs Converselv'

pakistan,s decentrahzed biogas rnodels exhibit cost-ef'tectiVeness, with payback periods

of 1.25 years in agro-inclustrial systetns, atrcl reduce open-1ielcl br-rrnirlg emissions by

1.5 tons co:eQ annually per plant. l-lowever, they cncountcr systemic inetaciencies'

such as 30% feedstock spoilage, 15_20%) methane leakage, and fragrnented governance

that restricts social equity and scalabilrty. Germany's biogas facilities attaiu ecotrotnic

sustainability within 7-10 years clrte to c-levatcd energy tariffs (€0'15/kwh) and

subsiclies, r,vhereas Pakistan's ciependet-rce on donor-funded experlmental projects

extends payback periods to over l5 r'ears. A techno-econotlic analysis of biofuels

reveals Germany's cost-cornpetitir etre ss. u.ith breakeven prices l5% lower than fbssil

fitels, attributed to automated blendirlg itllt'rtstntctt-tte, In contrast, Pakistan faces a 30%

cost preminm due to antiquatecl techtr.'lt'gt.'s i'rncl inibrmal supply channels' The

research prornotes context-specific tlet]',tr.ls, s.t;l: as legislative changes (e'g'' f'eed-in

tariffs, risk-sharing guarantees) atttl ll" ':r'. .. -::.1.tock models (e'g , arlimal waste

combined with crop resiclues) in Paki.t::1. .:' ':ll as biotllvcrsity-aware fccdstock

diversification in Germany. Cross-borde| l;:-:' -:" transfer' including the adaptiition

of rnoclular German dige sters fbr Pr-rrs.--r -.-.:lr' c1ung, might decrease capital

expenditures by 30%, lvhile the replicl:,-': - -''-:-Iatrv's "Bioflel comidors" along

Pakistan's freight routes may iorver 1ost...-: . ' ' '-' lil";' This research highlights the

possibility of synchrontzing Pakistan ) ., . - -.-..'rsY Policy with Gcrmatil''s

Renel,vable Energy Act (trEG), therebr .'- -:' '- :'::':lnability lndicators' bolste|itlg

i i i



investor tnrst. .,:.. .:::ering global climate objectives (SDG l. l3). The results

highlight the r-::: ,:,r. customized, integrative strategies to enhaltce bioenergy's

contribution to e;-,;rt::ie. low-carbon energy transitions in both rndustrialized and

developing natiors
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