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a b s t r a c t

Biogas is a relatively mature renewable energy technology but still most commercial biogas power plants
require significant financial incentives. Additionally, local shortages of very cheap digestible feedstocks
limit biogas productivity, especially for larger biogas power plants (41 MWe). Innovations that could
improve cost-effectiveness and resource efficiency of biogas energy technology are therefore required.

Over the last few years a number of potential process innovations for biogas technology have been
proposed and investigated. However, the majority of these novel concepts has minimal or no impact on
technology development. Disruptive innovations are very rare, but only they really matter for the economy.
Therefore review reports that systematically compare, analyze and evaluate the suitability of these emer-
ging methods with emphasis on technological excellence and realistic commercial potential are needed.

This study presents potential process innovations from most recent patent and academic literature
proposed for biogas (i) production, (ii) conditioning, (iii) utilization and (iv) industrial symbiosis. Within
these four highly interdisciplinary categories the review attempts to provide short practical comments on
selected methods and briefly analyzes their perspectives and constraints. Further, relevant biogas process
innovation criteria are designed and multiple-criteria assessment of pre-selected potential process inno-
vations is made. The paper concludes with the characterization of innovativeness of selected solutions and
suggests future research needs for biogas energy technology that could bring new innovations in near term.

& 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

Biogas is attracting significant attention as an increasingly
interesting renewable and sustainable energy technology.
Although biogas technology seems relatively mature it is not
considered fully economically viable and usually requires sig-
nificant financial incentives to successfully compete with com-
mercial fossil fuel based energy technologies [1–3]. Three major
factors limit expanded adoption of biogas energy technologies:
(i) high cost of digestible feedstocks, (ii) limited local availability of
such feedstocks and (iii) limited availability of innovations that
could make biogas energy more economically attractive.

In some highly developed countries such as Germany biogas
production receives significant financial support which has led to
rapid expansion of this renewable energy technology over recent
years. Attractive German financial incentives facilitate the use of
several raw materials as feedstocks for anaerobic digestion (AD)
(e.g. dedicated energy crops) and therefore the overall production
potential of biogas has significantly increased over the past two
decades. Also some other European countries like Denmark, Aus-
tria, Italy or Sweden have legislation and financial incentives
beneficial for investments facilitating expanded use of biogas
energy. Unfortunately, most other countries offer insufficient or no
financial support for the production, conditioning and utilization
of biogas. Importantly, these countries usually cannot adopt most
of existing biogas technologies directly from highly developed

countries (e.g. technologies utilizing expensive energy crops)
because such biogas plants would make a loss. Consequently, for
those numerous countries [3–7], especially if they have limited
access to cheap digestible biomass, availability of innovations that
could facilitate cost-effective production, conditioning and utili-
zation of biogas is of particular importance.

An innovation is the implementation of a new or significantly
improved: (1) product (good or service), (2) process, (3) marketing
method, or (4) organizational method in business practices,
workplace organization or external relations. The minimum
requirement for an innovation is that the product, process, mar-
keting method or organizational method must be new (or sig-
nificantly improved) to the enterprise [8]. This study reviews only
process innovations in the field of biogas technology. A process
innovation is the implementation of a new or significantly
improved production or delivery method. This includes significant
changes in techniques, equipment and/or software [8]. In general,
many new concepts are being constantly proposed for all com-
mercial technologies. However, only very few of them have or
might have realistic commercialization potential. Although
breakthrough or disruptive innovations with significant commer-
cialization potential are very rare, in practice only they matter for
the economy. Scientists should therefore constantly filter emer-
ging concepts with potentially innovative character in order to
find most promising ones and to facilitate their diffusion and
possibly future commercialization. Academic [9–11] and patent
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