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Biemass has often been reganded as a prombing renewable energy resource to mitigate climate change.
However, what will be the impact on global surface temperature if biomass replace fossl fuel remain
unclear. This paper, throwugh acase sudy in Uttar Pradesh, India address this sue by assessing biomass
respurce potential to reduce fossil fisel demand and mitigate climate chamge. Impact of biomass power
related GHG embsions on global surface temperature is estimated using the Alsolute Global Tempera-
ture change Potential (AGTP) climate metric. Uttar Pradesh can produce 71 Mt surplus bismass anmeally,
equivalent to 7298 MW power. Power densty of biomass range between 010 and 0.25 Wm™. Significant
amvount of GHG emissions reduction s posible if blomas replace fossil fuel as a power source in the

Hiomzs Jemes sment

Homas power regon Anmeal GHG emdssons associated with 1 MWh of power denved from coal nateral gas and
Poweer demsity Do mass would cause 410 = 107, 240 = 1077 and 125 = W0~ mK rise in global surface tempe rat ure, 100
Gresnhouss gas emissions years after an indtial emdsshon, indicating potential of blomass power to mithgate climate change. Yark-
Qimate chamge ation in spatio-temporal distribution and low power density could be delimiting factors in large-scale
Atmalute glohal temperaturs changs deployment of blomass power.

patentid © 2019 Elsevier Lid Al rights reserved.
1. Introduction Biomass is a spatio-temporally distributed resource. Biomass

Biomass is currently the single, largest soumce of renewable
energy wordwide, supplying nearly 9% of the total glohal primary
energy demand [ [EA, 2017). In 2016, around 500 TWh of electridty
was generdted from biomass, accounting for 2% of world electricty
generation In India as of 2017, nearly 85 GW of grid conneced
biomass power have been installed, equivalent to 14% of total
installed renewable power capacity of the country (MMRE, 2018)
Biomass power potential in India is 23 GW and the top five states
(in terms of installed capadty) are Maharashtra, Uttar Pradesh,
Kamataka, Tamil Madu, and Andhra Pradesh (MMEE, 2018 ). India’s
biomass program is primarily focused on biofuel (Dhinesh and
Annamalai, 2018} and agro-forestry residue-based biomass power
(Singh, 2017).
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power projects are generally oocur in a decentralized manner, such
as at the local administrative level (village/district) Local in-
wventories on bio mass would be more conducive for aligning supply
and demand and moderating transportaton cost (Lo et al, 2016).
Prior knowledge of biomass availability allow power plant man-
agement to amrange for alternative fuel during lean period of
feedstock supply. ldentification of spatial distribution pattern of
biomass help optimizing supply-chain, which in turn reduce lo-
gistics cost (Ko et al, 2018 ). Knowledge of power density is also
important for biomass supphy-chain logistics consideration. Such
database are not readily available for many regions of India, jeop-
ardizing long-term wiahility of biomass programs of the country.
Like fossil fuels, biomass power generation also result in GHG
emissions, but less than its fossil counterpart (Cherubini et al,
2009). The dimatic impact of GHG emissions is oommonly
expressed in Global Warming Potential (GWP) dimate metric.
Although the name suggest, however GWP does not lead to
equivalence with temperature or other climate variables (Myhre
et al, 2013} As alternative, Shine et al. (2005) proposed the
Global Temperature change Potential (GTP) dimate metric to
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ABSTRACT

Strong potential exists in India for bioelectricity { biomass-denved electncity) to meet the nsing, do-
mestic demand for energy. In order to fill the anticipated need, precise assessments of the resource
potential are necessary as well as regulary-tracked resource inventories and apt policy. Studies
addressing these aspects of energy management are limited for India, particularly in terms of energy
planning at the local level. The current research evaluates the prospects for bagasse co-generation in
Uttar Pradesh, the largest sugarcane-producing state in India. Specifically, the geo-spatial pattern of
bagasse harvestable distributions and bicelectricity potential are assessed, along with policies and
market mobilization directions for optimizing increased adoption of biomass energy. Results show that
Uttar Pradesh has the potential to produce 27.05 million tonnes of usable bagasse annually. Major,
sugarcane producing regions are identified within the western and north-eastern agro-climatic zones.
Specific to power generation, the state could produce 1.93 GW of bicelectricity from sugarcane bagasse.
At the agro-climatic zone level, the bioelectricity potential vanes between 2 46 MW (Vindhyan zone) and
655 MW (westemn plain zone). When considered at the district level, the potential varies from 66 kW in
Firozabad to an upper bound of 232ZMW in Muzaffamagar. The latter estimate indicates that some
districts of Uttar Pradesh could be transitioned to 100% renewable electricity from bagasse co-generation.
In conjunction with the ongoing growth path for India and energy access considerations, we recommend
more strategically-focused energy policies, including auctions, regular resource-mapping, and zoning
that can catalyze biomass energy adoption, while mitigating the greenhouse gas footprint of India.

@ 2018 Elsevier Ltd. All nghts reserved.
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HIGHLIGHTS

« GIS, LCA & spatial LCA application in bioenergy are of increasing importance.

« Resource assessment, logistic planning, plant design could be optimized using GIS.

« Bioenergy system with better environmental performance can be designed using LCA
« Uncertainties in LCA must be addressed for its better applicability in bioenergy.

« Spatial environmental impacts of bioenergy could be addressed using spatial LCA

ARTICLE INFO ABSTRACT
ﬁl'ﬂ'dlt' history: Sustainability of a bicenergy project depends on precise assessment of biomass resource, planning of
Received 31 January 2017 cost-effective logistics and evaluation of possible environmental implications. In this context, this paper

Received in revised form 10 March 20017
Accepted 11 March 2017
Available online 15 March 2017

reviews the role and applications of gen-spatial tool such as Geographical Information System (GIS) for
precise agro-residue resource assessment, biomass logistic and power plant design. Further, application
of Life Cycle Assessment (LCA) in understanding the potential impact of agro-residue bioenergy genera-
tion on different ecosystem services has also been reviewed and limitations associated with LCA variahil-
ity and uncertainty were discussed. Usefulness of integration of GIS into LCA (i.e. spatial LCA) to overcome
the limitations of conventional LCA and to produce a holistic evaluation of the environmental benefits

Keywords:
Geographical Information System
Life Cycle Assessment

Spatial LCA and concerns of bioenergy is also reviewed. Application of GIS, LCA and spatial LCA can help alleviate
Agro-residue biomass the challenges faced by ambitious bioenergy projects by addressing both economics and environmental
Bioe nergy goals.

© 2017 Elsevier Ltd. All rights reserved.
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histary: Access b energy for cooking is ome of the major challenges that rural India Goes. Most of the noral
Avzilahle online 12 March 218

howseholds of Morth-Eastem India rely heavily upon fuelwood and traditional open-fire conkstoves for
ooking activitles. And everyday collection of fuelwoed is time-consuming. Hemce, women often gat her

Krywords: fselwoaod to make charcoal While the use of charooal has some advantages, it is not clear whether the
fuehwnod investment of time in making charcoal (s worthwhile. In this paper, we compare howsehold tme in-
a‘cm";:“ vestments for fuelwood and charcoal produection The stedy is done wsing survey data on Mapaam village
Parral area stwated in Sonitpur DiEtrict of Assam, Mortheast India We developed a model 1o analyse fuelwood
Time dfidency needed and time spent upon the introduction of improved coolstoves andfor chamoal production. This
analyds reveals that improved cookstoves wsing fuehwood results in the least time expenditure on the
prodisction of cooking fuel Whilst | ntrodisct ng charooal marginally redsces the amdownt of fue hwood, but
increases time spent on cooking, due to the time required to produce the chamcoal. Hence, neral
households who make their own charcoal spend more time on prodecing cooking fuel than those

hoisehalds relying on direct use of fuehwvood.
& 2018 Ekevier Lid. All rights reserved.
1. Introduction be difficult to secure an adequate supply of fuelwood [13—-15] Itis

Energy acoess is one of the basic issues of rural areas and is a key
to socio-economic progress for developing nations. In rural areas it
is not always possible to secure a contnuous supply of energy
where often there is no connedtion toa central grid. In maost of the
developing countries, bioenergy serves as the primary fuel for rural
people | 1] In fact, bicenergy can provide independent and decen-
tralized energy in rural areas |2 —i).

Fuehswood is the maost vital source of bicenergy, providing 9% of
the global primary energy supply |56] It is an essental energy
source for cooking, For water and space heating, for cooking feed for
livestock and for rice beer preparation in rural areas | 7] However,
there are also several disadvantages to the use of fuelwood. First,
the growing use of fuelwood leads to deforestation. Furthermore,
for ruml households, precious time is lost in the collection of
fuelwood, thereby redudng time for other productive work which
might help to increase their finandal resources [BE—12]. Yet, it can

* Comespanding authar.
E-muail address: karabed as@gmailoom (K Das)
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(3605442 fev 2018 Esevier Ltd_ All rights reserved.

estimated that about 20% of the time per day is spent for the
wollection of fuelwood alone [16). There is a steady growth of
fuebwood consumption, though the growth has been slow in recent
wyears |17

Dependence on fuelwood often leads to drudgery for women
and children and as a result prevents women from engaging in
income-genemating activities |18]. Therefore, various programs
have been implemented to reduce biomass consumption by
introducing effident cookstoves and improved technologies to
produce cooking fuel | 1922 ). Several studies have imvestigated the
energy transition of cooking fuels and time investment on fuel-
wood collection, focusing on financial, behavioral or technological
aspects [23,24] In geneml, these studies condude that transition
fuels like charcoal and briguette are more effident and favorable
choice for a cooking fuel. However, these smdies were hased on
oommerdally available cooking fuels, which is not relevant for
many rural households. If a2 household has to make their own
oooking fue, as in case of rural areas, the time spent on making
cooking fuel ie. charonal must be taken into account. These studies
confirm that there are significant amount of various cooking fuel



Bigrespurce Technology 304 (20207 132959

Contents lists avallable at Sclencelirect

Bioresource Technology

journal homepage: www.elsevier.com/locate/biortech

Development and life cycle assessment of an auto circulating bio-
electrochemical reactor for energy positive continuous wastewater
treatment

Abhilasha Singh Mathuriya™™*, Moonmoon Hiloidhari®, Pramod Gware”, Anoop Singh®,
Deepak Pant®

* Deporrmes of Life Sciences, School of Basic Scdences and Research, Sharda Drversiy, Gremer Noldo 200306, hdia

® [eparmmen: of Biowchnology, Ansd Engineering Colepe, ¥eethow, Apro 283007, fndia

[P i (ot Sautes, Tndios of Technology 1 AO007E, Indiz

* Deparomen: of Sclendflc and Indusiel Research (SR, Goreernmes: of Indis, Techrology Showan, New Mefmol Rood, New Deff 110076, India
* Separarion and Comersion Terfmology, Flemish Festinmre for Technologlced Reseereh (VWTTO), Boereng 300, 2400 Mol, Befgom

GREAPHICAL ABSTRACT

Autall 1B dewnicpmast At CirERLLA EniVSTRER B mianin

ARTICLEINFO ABETHACT

Feywords: Binelectrochemical systems like microbial fuel cells (MPCs) are quaint systems known to metamorphose the
AutcOrBER chemical energy of organic matter into electrical energy using catalytic activity of microorganisms. & novel
Bioleamochemical system continoous Auto Circolating Bio-Flectrochemical Reactor (AotoGirBER) was developed to fulfil the gap of
Electricity ‘simple, inexpensive and compact design’ that can continooasly freat larger amount of organic wastewater at

Life cycle ascrooment

shaort: i time and without i b l for Hoguid mixing. AutoCirBER eliminated thy
Wastrwater freatment er residence Hme without consuming external energy for hquid mixing. Ao imi e

need for external agitation for liguid-mixing and therefore, energy requinements. AutoGirBER was opemited in
continoous mode and hydranlic retention Hme was optimized. The reactor underwent performance check-up vz
OO0 remaoval, net power outpat, columbic efficdency, sludge generation and an attributional life cycle assess-
ment (LCA) was alse conducted. AutcCirBER was sustainable o man in continuous-mode and showesd more than
90.4% of COD remowval, and 59.55 W.h net annual snergy recovery. Experimental LCA of AmoCirBER also
displays its environmental feasibility in bonger run.
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