
Concept and Definition of Biorefineries
Fossil fuels currently provide most of the world’s energy needs. 
People are searching for sustainable solutions to meet the world’s 
growing energy needs because of the finite supply of fossil fuels 
and other environmental issues like greenhouse gas emissions. 
One of the few resources that can potentially meet the demands 
of green and sustainable energy systems is biomass. Biomass is 
a recent (non-geologic) plant matter or material derived from it 
that can be utilised to create a variety of useful chemicals and  
fuels [1]. A biorefinery is a facility that integrates conversion 
processes and equipment to create fuels, electricity, and chemicals 
from biomass, according to the National Renewable Energy 
Laboratory (NREL) [2].

Importance of Rural Development
In international development, reducing poverty is the goal. Not 
only is poverty pervasive in rural regions, but at least for now, the 
majority of the poor are rural [3]. One of the key factors influencing 
overall underdevelopment is still rural underdevelopment. Rural 
areas are home to over three-quarters of the 1.3 billion global 
poor who survive on less than $1 per day [4]. Public goods for 
agriculture, converting consumption subsidies into production 
subsidies, growing the non-farm sector, encouraging democratic 
development in rural areas, assisting impoverished individuals 
caught in conflict, and generally implementing innovative ideas 
for reducing poverty in rural areas have a lot of promise [3].
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BIOREFINERIES AND RURAL DEVELOPMENT: OPPORTUNITIES AND CHALLENGES

ABSTRACT

Biorefineries, which transform biomass into chemicals, fuels, and energy, are essential for the economy and development of a country. 
This systematic study examines the creation and application of biofuels as a sustainable substitute for fossil fuels, with a particular 
emphasis on the many kinds of biorefineries and how they support rural development. Because fossil fuels are running out and because 
of environmental issues like greenhouse gas emissions, biomass has become a viable option for green energy production. Biorefineries 
are divided into three generations according to their feedstocks: algae, food crops, and agricultural waste. Among the difficulties faced by 
first-generation biorefineries include limited scalability and competition from food supply. A more sustainable alternative is provided by 
second-generation biorefineries, which employ non-food biomass but come with complicated technology and a high initial cost. Using 
algae, advanced or third-generation biorefineries provide promising yields using less water and land. Furthermore, biorefineries can 
boost rural economies by encouraging innovation, generating employment opportunities, and supporting sustainable farming methods. 
However, challenges remain, including high manufacturing costs, feedstock logistics, and inadequate policy support. By addressing these 
challenges and enhancing sustainability through multi-feedstock systems and technological advancements, biorefineries can better 
position themselves for future success.
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INTRODUCTION

Connection between Biorefineries and Rural 
Development
Waste and residues are among the many biomass streams that 
are produced by agriculture in rural settings. There have been 
reports of a number of materials and chemicals that can be 
made from biogenic resources that may help create value in rural 
regions [5]-[6]. Traditionally, farmers have produced food and 
feed. Farmers also help by actively utilising biogenic resources 
to transition from nonrenewable to renewable energy sources. 
The biologisation of the economy supports rural areas’ sustainable 
growth. The latest advancements in the field of white biotechnology 
led to conclusions on the opportunities and challenges of a 
biologisation of the economy of rural areas. These developments are 
reflected in the products and processes that are developed as a result 
of innovations in biological, technical, and digital sciences. Moreover, 
logistical concerns of decentralised methods, such as the delivery of 
final products and biogenic resources, are considered [7].

TYPES OF BIOREFINERIES 

There are different types of biorefineries based on their products 
(Figure 1) and operational scale. Biorefineries can be broadly 
categorised into first-generation, second-generation, and advanced 
biorefineries.
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Biorefineries for First-Generation Biofuel Production
Conventional or first-generation biofuels are often produced from 
food or feed crops. Typically, fermentation, hydrolysis, esterification, 
or transesterification are used in the manufacturing process. 
Feedstocks for first-generation biofuel production typically include 
oilseeds, sugarcane, food crops with oil content, and animal feed. The 
majority of Generation 1 bioethanol is made from sugar-containing 
plants, cereals, grains, and crops (Table 1). The only biofuel that 
has been produced too far in greater volume is ethanol, which is 
mostly made from corn and sugarcane in a quantity of 80% [8]. 
Fatty acid methyl esters (FAME), are obtained by esterifying or trans-
esterifying vegetable oils (palm, soybean), animal fat, or alcohols 
to create biodiesel, which can then be used as a blend, addition, 
or substitute for diesel [9].

First-generation land-based feedstocks account for more than two-
thirds of bioenergy production, raising concerns about competition 
for water and land for food and fibre production as well as other 
environmental problems resulting from changes in land use [10]. 
There are significant drawbacks to first-generation biofuel 
production. The main one is that they cannot be produced above 
a certain point without endangering the security of food supplies. 
Additionally, they lack economic competence using the current 
common fossil fuels [11].

Biorefineries for Second-Generation Biofuel 
Production
Compared to current fossil fuels, second-generation fuels are more 
economical, environmentally friendly, and sustainable [11]. The 
second generation produces bio alcohols, bio-oil, biohydrogen, 
and bio-Fischere Tropsch diesel using biomass in the form of non-
food sources and crops, including the remaining non-food portions 
of crops, solid waste and wheat straw (Table 1) [12]. Fuel is being 
replaced with bioethanol blend due to its low cetane number, high 
octane number, and high heat of vaporisation [13].

Since the production of bioethanol from these residues does not 
require more land, it has no impact on the production of food 
and fibre crops. Although there is a vast amount of lignocellulosic 

biomass accessible, very little of it can be utilised appropriately. 
These biomass sources have the potential to produce 100 EJ 
of energy annually. Vegetative grasses, such as switchgrass, 
miscanthus, and short rotation grasses (poplars, robinia, and 
eucalyptus), are becoming more and more popular because they 
are easy to grow in marginal areas and degraded lands that are 
left uncultivated and abandoned. Numerous obstacles must be 
overcome for this technology to succeed, such as high capital 
expenditures, high technological complexity, financial risks related 
to process reliability, and volatility in natural gas and crude oil 
prices. Nonetheless, commercialising advanced biofuels derived 
from lignocellulosic feedstocks has moved more slowly than 
anticipated. High investment requirements (35–50% of total cost) 
and several operational and political/policy risks are the primary 
barriers to its deployment [14].

Furthermore, the technology and feedstock supply chain has not 
yet been extensively tested, which poses significant operational 
risks. There are still issues with feedstocks’ production, supply, and 
logistics, such as the seasonal and yearly variability of biomass, 
its spatial dispersion, and the expenses related to preprocessing, 
storage, and transportation. Currently, market adoption and 
competition for second-generation biofuels are limited due to 
a combination of high production costs (expected to be above 
US$0.8/L of gasoline equivalent) and a lack of supporting policies 
and requirements [15].

Biorefinery for Advanced Biofuel Production
Algae have garnered significant attention as an implicit biofuel 
volition due to their superior photosynthetic exertion and nippy 
growth pace compared to other terrestrial shops [16]. Algae 
comprise over 70 lipids on a dry weight base. They may be cultivated 
in liquid media employing a variety of wastewater aqueducts, 
including salty, brackish, and littoral seawater, which could lead 
to a drop in the quantum of freshwater demanded [17]-[18]. 
Multitudinous algae species have been delved as effective 
biofuel feedstocks, including Chlorella species, Isochrysis galbana, 
Schizochytrium limacinum, Nannochloropsis, and Chaetoceros 
calcitrans (Table 1) [19]. Compared to other feedstocks collected 

●	 Green biorefinery, lignocellulosic biorefinery

●	 Waste biorefinenery, oil seed biorefinery, cereal biorefinerenary

●	 Bioalcohols such as biobutanol, bioethanol, saveral chemicals and 
fuels, energy, gases

●	 Oil from green leaf and other vegetables, biodiesel

●	 Use of green plants, oil seeds and plants, horticulture residues

●	 Bark, sawdust, muncipal and industrial waste

Figure 1 Classification of biorefineries, their products and the features (Modified from [20]-[21])

BIOREFINERYTYPES

PRODUCTS

FEATURES
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formerly or twice a time, algae have a huge advantage: they can 
double their biomass in 2 to 5 days [24]. Algal civilisation, product 
modes, photobioreactor design, and downstream treatment 
procedures are among the critical processes involved in the product 
of algal- biofuel, which presently faces multitudinous obstacles. 
Microalgae civilisation is allowed to be one of the main obstacles 
to marketable development. Civilisation can generally be done in 
unrestricted bioreactors or mongrel systems, which have advanced 
capital costs and advanced yields, or on open bonds, which have 
lower capital costs but lower biomass yields [24]-[25].

OPPORTUNITIES FOR RURAL DEVELOPMENT THROUGH 
DEFINED TYPES OF BIOREFINERIES 

This study focuses on assessing the economic impact of a biofuel 
factory on local economies, particularly regarding job creation in 
underdeveloped rural regions of Europe. Most biofuel facilities are 
strategically located in rural areas, often at the heart of feedstock 
production zones, and are closely tied to local agricultural practices. 
Evidence suggests that operating a biorefinery fosters both the 
creation and retention of employment opportunities within the 
agricultural and service sectors. These impacts are observed directly 
through employment within the biorefinery and indirectly by 
stimulating economic activity in the surrounding community [26].

The biofuel sector produces roughly 25 of all jobs generated by 
the worldwide renewable assiduity. Thus, biorefineries could 
ameliorate the socioeconomic dynamics of the area by reducing 
income inequalities between pastoral and civic areas and levelling 
off intra-European differences [26]. According to Urbanchuk [27], 
the United States (US) ethanol assiduity supported around 360,000 
jobs in 2017 when direct, circular, and convinced jobs supported 
by ethanol products, construction exertion, husbandry, exports, 
and research and development were considered. 

Biorefineries give growers new requests and make connections 
between the agrarian and artificial sectors [28]. Businesses that 
are directly related to husbandry are called biorefineries. Most 

of the feedstocks that the manufacturers use come from original 
sources. As a result, biofuel installations have a close relationship 
with the original growers. Bioethanol shops in the US are constantly 
managed asco-ops, where growers enjoy factory stock. In Europe, 
the conception is analogous, with the exception of situations where 
the factory is near a harborage and depends on imported feedstock. 
Since most biofuel shops get their feedstock from within a 50- 
50-kilometre compass, original growers are their main suppliers 
and have near-working connections with them. The plant has a 
significant impact on the social and profitable structure of the area. 
This idea distinguishes biorefineries as a unique sector with a tight 
relationship to pastoral enterprises, particularly husbandry [26]. 

Still, portions of the biorefinery can be located in the centre of 
pastoral communities if factory raw accoutrements can be supplied 
time-round within an applicable compass of the ranch. Artificial 
enterprises purchase goods produced by original granges due to 
their dispersed locales. As a result, steady original deal requests 
for the growers’ primary products would grow. Agriculture and 
assiduity might integrate, giving growers access to new business 
openings [28]. 

In order to ensure the energy force while lowering the operation of 
fossil energies, promoting the development of pastoral technology 
with knowledge-grounded jobs, and reducing hothouse gas 
emigrations, the manufacture of liquid biofuels to mix with gasoline 
is pivotal. The primary provocations behind the drive for both 
1G and 2G biofuel products are (i) securing the energy force and 
reducing reliance on oil painting significances, (ii) aiding pastoral 
areas by planting technology and creating knowledge-grounded 
jobs, and (iii) reducing hothouse gas emigrations and particulate 
matter emigrations that are dangerous to humans, creatures, and 
the terrain in order to promote a low- carbon and sustainable 
frugality [29].

Nowadays, growers are also producing bioenergy from biogenic 
coffers like biomass and biowaste, which brings in redundant 
plutocrats. The product of food, feed, and bioenergy is only one 

Table 1 Description of biofuel and biorefineries based on technological implementations (Modified from [14],[22]-[23])

	 Generation	 Characteristics	 Feedstock	 Example	 Real Life

1st generation Consumption of food crops, 
low pliancy and integration, 
and decay in soil quality.

Hor t iculture and plant 
biomass.

For ethanol production, high-sugar 
biomass is utilised; for biodiesel, 
production is achieved through oil 
transesterification.

Pomacle-Bazancourt Biorefinery
Location: Pomacle-Bazancourt (France).
Products: Starch, glucose, animal feed, bioethanol, 
CO2

BioWanze (Wanze Bioethanol Plant)
Location: Wanze, Belgium
Products: Bio Concentrate.

2nd generation More plentiful and varied, less 
dependent on food crops, 
better environmental impact, 
efficient land use and high 
pliancy.

Horticulture and industrial 
residues (biomass) have a 
lignocellulosic content.

Bioethanol  is  produced from 
lignocellulosic biomass, while 
Fischer–Tropsch (FT) diesel is derived 
from biomass.

Beta Renewables (Crescentino Bioethanol
Plant)
Location: Crescentino, Italy.
Products: Bioethanol and animal feed.

3rd generation Va r i a t i o n  o f  b i o - b a s e d 
products, no competition 
with food resources, valued 
biomass, high pliancy and 
integration.

Organic waste and several 
algal species.

Algal biorefinery Gas Technology Institute – GTI
Location: Des Plaines, Illinois, USA. 
Primary product: Renewable hydrocarbons.
Scale: Design.
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aspect of the biologisation of frugality; another is the comprehensive 
application of the eventuality of biogenic coffers [7]. Net bioenergy 
directors, which turn waste aqueducts and biomass into energy, will 
help pastoral areas. They will also profit from cheap transportation 
costs and the distribution of profitable benefits that come with the 
perpetration of application processes, similar labour, plutocrats, and 
so forth [30]. Although the product of food and feed should take 
priority over the use of accoutrements and energy, the knowledge 
and experience necessary for the use of accoutrements are not 
always available in areas where biogenic coffers are set up. In 
addition to the specialised and biomass feedstock conditions, 
stakeholders’ knowledge, moxie, and belief must be available to 
apply and carry out the applicable processes for the biologisation 
of frugality [31].

Urban areas are typically recognised for having a high human 
capital and capacity for innovation. Young people, in particular, 
relocate from rural to urban areas. Restoring this potential and 
human capital to rural areas is necessary to stimulate creative 
thinking and promote the biologisation of the economy. Simple, 
situation-specific technology rather than high-end ones should be 
the focus of innovation in rural areas. Technologies must be reliable 
and adaptable to various biogenic resources. Several hypotheses on 
the synthesis of lactic acid have been proposed recently. For areas 
where enough biogenic resources are created and there is interest 
in using lactic acid, decentralised one-step approaches have been 
proposed. These approaches combine the hydrolysis of biogenic 
resources with the conversion of hydrolysate into lactic acid. On the 
other hand, two-step procedures involving distinct fermentation 
and hydrolysis are suitable for areas with varying amounts and 
qualities of biogenic resources [32].

CHALLENGES OF BIOREFINERIES IN PASTORAL AREAS 
DEVELOPMENT 

Regrettably, the request for lignocellulosic ethanol has not grown 
as snappily as anticipated because of low oil painting prices that 
hurt the biorefineries’ nethermost line, violent capital charges, 
and the print of significant technological threat [33]. One major 
difficulty that must be addressed is perfecting the styles and 
technologies used to convert lignocellulosic biomass into energies 
and chemicals with added value. Given this, the primary handicap 
to high-yielding asked chemicals and energies is the lignocellulosic 
biomass feedstocks’ complex chemical makeup [34].

The short-term political targets and high investment costs for 
biorefinery installations produce queries for design backing and 
investments, which in turn leads to limited support for airman, 
demonstration, and marketable shops in Brazil (like Renovo 
policy) (Figure 2), Sweden and the EU. The development of the 
bioeconomy in Sweden is hampered by inadequate public and 
private backing as well as the incapability of SMEs to invest in timber 
biorefineries [35]. While reducing the direct manufacturing costs 
of bio-based products is a critical challenge, the procurement or 
cultivation of feedstock accounts for approximately 40–60% of a 
biorefinery’s total operating costs [36]. One of the main obstacles 
to the development of timber biorefineries is the rallying of coffers. 

As was preliminarily mentioned, the quantum of coffers needed is 
linked as a major interference for launch-up businesses and SMEs. 
The preliminarily mentioned lack of political objects for advanced 
biofuels and biorefinery products in the EU after 2020 makes design 
backing and investment uncertain, which oppressively limits the 
advancement of biorefinery technologies [37]. 

As operating costs are determined for a monthly account period 
under normal operating conditions, they encompass all data on 
purchases of products and services that are not investment-related. 
These comprise, among other effects, direct product costs (i.e., the 
use of labour and inventories, outfit and material consumption), 
executive costs, and costs associated with the accession of goods, 
similar to substrates. Transporting substrates from the position 
of agrarian products or trash generation to the biogas factory is 
another problem. The provider may also be responsible for the costs 
of transporting substrates if the biogas factory driver covers those 
charges; energy costs and the cost of buying and maintaining the 
line of buses must also be taken into account [38]. 

Because of the sharp rise in the demand for energy, conventional 
coffers, substantially fossil energies, are running out. Due to the 
extreme pressure this mismatch between force and demand for 
energy has put on consumer pricing as well as the terrain, humanity 
is now searching for sustainable energy sources. One similar 
renewable resource that’s good for the terrain and can be used to 
produce a variety of precious chemicals and energies is biomass [39]. 
Biomass removes carbon from the atmosphere while fossil energies 
release old carbon and other hothouse feasts into the atmosphere, 
which greatly contributes to the processes causing global climate 
change [40]. 

Waste aqueducts are ineluctable in a biorefinery because not all 
feedstocks can be converted into profitable labourers. Since utmost 
biorefinery systems execute a rational and progressive energy 
transition over the coming times, reactionary energy consumption 
is needed to meet their energy requirements. Thus, it is important 
to concentrate on current exploration systems that aim to reduce 
waste aqueducts to lessen their influence on the terrain. Colourful 
processes induce waste aqueducts composed of liquids, solids, and 
feasts [41]-[42]. Since multi-feedstock biorefineries ensure a steady 
inflow of raw accoutrements regardless of seasonality, availability, 
or logistical challenges, they have been studied as a feasible 
solution to enhance the sustainability of biorefineries. However, the 
installation of these biorefineries did not produce the anticipated 
viability issues [43]-[44]. Technically speaking, this biorefinery, 
which integrates multiple raw accoutrements, is more complicated 
than conventional bone sand oil painting refineries [43].

However, the use of lignin as an energy, cement, or binder is one of 
the remaining undesirable aspects of lignocellulosic feedstocks. It is 
inadequate because the lignin altar has a sizable attention of mono-
sweet hydrocarbons, which might significantly boost the value of 
the primary processes if they could be uprooted economically. It 
should be noted that, unlike naturally polymeric carbohydrates or 
proteins, there are no apparent natural enzymes that break down 
natural lignin into introductory monomers [45].
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CASE STUDY

Straw-Based Ethanol Production in Sweden 
The most pivotal techno-economic factors for the development 
of biorefineries based on agrarian remainders, such as straw, and 
their biochemical conversion into ethylene and biogas, as well as 
the generation of heat and power, are surveyed in this study [47]. 
To achieve high profitability, pentose turmoil development, which 
increases ethanol yields, was pivotal. Promising locales have 
been linked in the counties of Skåne, where there is a significant 
implicit straw force, and in Östergötland, where there is integration 
eventuality with quarter heating systems (DHSs) and a being first- 
generation ethanol factory [47]. The following estimate of the 
whole straw force is made for the most productive agrarian regions: 
Skåne 773,000 tons of straw, of which 308,000 tons are available 
for use as energy. Östergötland produces 323,000 tons of straw, 
of which 126,000 tons are directly supplied for energy production 
(Figure 3) [48]-[49].

The study claims that the heat and energy (Figure 3) demanded to 
produce ethanol (Table 2) are produced internally by the shops from 
the lignin derivate, making them energy tone-sufficient. According 
to this study, overall energy effectiveness is the rate of the energy 
content of the entering feedstock, which includes the primary 
energy input used for straw crop and transportation (grounded 
on lower heat value, or lower heating values (LHV)), to the energy 
content of the existing, marketable goods. This analysis does not 
regard the energy needed to produce the chemicals and enzymes 
demanded for the process. Enzyme conflation should be included 
in a more thorough analysis of the environmental performance 
of the biorefinery systems despite the fact that it is comparatively 
energy ferocious [50]. 

An evaluation of the three distinct models’ energy effectiveness. 
The further heat that can be vented and covered, the further the 
energy-effective system is. Redundant heat could induce power 

as in conception B if a heat Gomorrah, similar to a quarter heating 
system or a heat-demanding assiduity, is unavailable. While the 
connection with external heat sinks is unnecessary, this option 
diminishes overall energy effectiveness and creates more implicit 
places. As can be observed in a comparison of models A and C, 
increased ethanol product through the addition of pentose turmoil 
has a negligible impact on total energy effectiveness because 
lower heat and biogas will be produced. Grounded on LHV, the 
total energy effectiveness of models A, B, and C is 71, 56, and 70 
independently [47]. The main energy used in straw harvesting 
processes, similar to the 50 km via truck lift to a biorefinery factory, 
is estimated to be similar to, on average, 2.5 (generally varied from 
2.0 to 4.0) of the energy content of straw biomass [51].

The most profitable product per unit produced is ethanol (Table 
2), and as pentose turmoil technology advances, further ethanol 
will be produced, adding overall profitability. The utilisation of co-
products, such as heat, power, and biogas, has a greater impact on 
enhancing energy efficiency than on increasing overall profitabilit. 
Total profit generated by the conception, for generalities B 
and C, was 14.4 million euros and 16.8 million euros annually, 
independently, while for conception A, it was 9.0 million euros. Each 
approach has analogous charges, with capital expenditures and raw 
materials (straw and input chemicals) being the main factors [52]. 

Still, dealing with redundant heat is less important than adding 
the product of the high-value product ethanol if the purpose is to 
raise the entire value of the biorefinery based on prices. To increase 
energy effectiveness, integration with a heat Gomorrah which is 
similar to a quarter heating system is pivotal [47]. The megacity of 
Noroköping in the county of Östergötland is a good possibility for 
a larger system. Norrköping is a megacity with a sizable quarter 
heating system. Waste is an energy in this system, but biofuels also 
play a significant part. The largest installation in Sweden producing 
first-generation ethanol from cereals is located in Norrköping, and it 
uses process brume from the same Combined Heat and Power (CHP) 
plant (or factory) as the quarter heating system [53]. 

Since straw is a seasonal raw material, it must be saved until 
it is demanded. It is primarily gathered around August. Straw 
storehouses can be precious since they need to be kept high-quality. 
Danish studies show that transporting and storing straws as bales is 
more cost-effective than using chaffed or agglomerated straw [54]. 
Each of the study’s designated regions has a sophisticated structure. 
Still, the structure’s capacity may become a limiting factor if there 
is an increase in high business on roads and trains that are formerly 
at capacity. Likewise, similar increased business may become 
intolerable in densely peopled metropolises like Stockholm, 
Göteborg, and Malmö. Truck transportation is most likely if the raw 
material is available locally [47].

Figure 2 Production of biofuels from plant biomass under RenovaBio 
policy (Modified from [46])
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FUTURE PROSPECTS AND EMERGING TRENDS 

Enhancing the sustainability of biorefineries involves several 
additional challenges: (i) studying and creating new paths 
for upgrading biomass; (ii) valuing waste aqueducts to lessen 
environmental effects; and (iii) coming up with innovative strategies 
to use several feedstocks to produce different products without 
compromising quality and process standardisation. Multifeedstock 
biorefineries are stressed as feasible results for upgrading several 
biomass sources in modular and small-scale systems to induce high-
quality products that will support pastoral bioeconomy [55]. 

By varying their range of products, biorefineries can increase the 
sustainability of the use of biomass. Various combinations can be 
made possible by the diversity of feedstocks and processing styles, 
considering factors similar to public precedences, frugality of scale, 
and geographic position. However, this enormous eventuality 
is still not well conceded. Except for many advanced countries, 
others still view biomass primarily as an energy source [2]. In its 
early stages, supporting a youthful assiduity that has the implicit 
to grow is not entirely unjustified. Still, over time, this approach 
would be ineffective and go against the principles of sustainable 
development [56]. 

Creating poly-product systems like biorefineries and introductory 
product systems that can convert substances will be the key 

to access to an intertwined product of food, feed, chemicals, 
accoutrements, goods, and energies of the future [57]. It is 
reasonable to assume, grounded on the knowledge acquired over 
the past many decades, that growers will concentrate more on the 
slinging use of biogenic coffers and that producing accoutrements 
in addition to food, feed, and energy will represent their third 
occasion to make plutocrat down the road. Chancing new ways 
to produce value is of significance, especially with food and feed 
prices on the decline [7]. Also, it is anticipated that biorefineries 
will play a significant part in the timber assiduity’s competitiveness 
and the product of biofuels in the near future and that biofuel 
product technologies will be put into practice within the coming 
ten times [35].

First, establish clear commitments, set objectives, and define 
guidelines to steer the transformation process. Second, embrace 
contradictions, as they can strengthen the harmony between goals, 
actions, and aspirations. Third, capacity can be built by enhancing 
skills and resources to realise potential fully. Fourth, collaboration 
should be promoted to encourage synergy between stakeholders 
and across different sectors [37]. Although biofuels have long been 
a topic of discussion in politics, it’s only now that decision-makers 
are beginning to fete the implicit benefits of biorefineries. There 
have not been numerous policy enterprises, primarily in certain 
industrialised countries. The maturity of programs and programs 
continue to concentrate on biofuels. Multitudinous countries have 

Table 2 Ethanol production per litre (Calculated and modified from [48]-[49])

County	 Agricultural Area	 Total Straw	 Net Supply for	 Estimated Ethanol	 Total Ethanol 
	 (ha)	 Supply (tons)	 Energy (tons)	 Yield (L/ton)	 Production Potential
					     (litres)

Skåne	 245,000	 773,000	 308,000	 100	 30,800,000

Östergötland	 103,000	 323,000	 126,000	 100	 12,600,000

Västra Götaland	 220,000	 543,000	 114,000	 100	 11,400,000

Uppsala	 87,200	 220,000	 101,000	 100	 10,100,000

Västmanland	 64,600	 150,000	 64,300	 100	 6,430,000

Södermanland	 61,100	 159,000	 58,900	 100	 5,890,000

Örebro	 53,800	 134,000	 45,500	 100	 4,550,000

Stockholm	 35,900	 86,400	 11,700	 100	 1,170,000

	

Figure 3 Graph of net supply for energy, total ethanol production in Sweden (Developed by the above data taken from [48]-[49])
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not yet ventured beyond the original generation of biofuels [2]. The 
effective and provident product of biofuels while making sure that 
they look for substitute goods will challenge present and unborn 
biorefinery development. The co-production of biomaterials 
and biochemicals will give the biorefinery business model a new 
angle by lowering its reliance on liquid biofuels as a source of  
income [58].

CONCLUSION

The energy crisis and environmental problems brought on by 
fossil fuels can be resolved by biofuels, particularly if biorefineries 
are established. Despite their effectiveness, first-generation 
biorefineries are constrained by their dependence on food crops; 
hence, second and third-generation biorefineries are more 
sustainable options. Although second-generation biorefineries 
that employ lignocellulosic biomass have many advantages, they 
nevertheless confront challenges like high operating risks and 
investment costs. Algal-based third-generation biorefineries hold 
enormous potential because they require less land and produce 
more biomass. Significant social advantages, such as the creation 
of jobs and a decrease in urban-rural inequities, can result from the 
establishment of biorefineries in rural areas. Supportive regulations, 
as well as improvements in processing and logistics, are critical for 
sustained success. In order to establish biorefineries as a mainstay 
of sustainable energy systems, it is essential to address challenges 
such as feedstock unpredictability, transportation costs, and high 
production expenses. Biofuels will need sustained innovation and 
legislative assistance to significantly influence the world’s energy 
demands and environmental sustainability.
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