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Abstract. Among alternative energy sources, biogas technology, uniquely, can produce energy from
raw materials whose storage is environmental dangerous today. For anaerobic digestion of biomass
in the biogas plant are provided agricultural residues (solid and liquid manure), animal waste from
slaughter, fruit fermentation mass, corn silage, cakes (soybean, rape), glycerin and other biologi-
cal substrates. The study aims to highlight the capacity of driving sustainable development in an
agricultural university using its own resources of biomass and its own know-how in the process of
obtaining biogas through anaerobic digestion, both in the self-management of electricity and heat
needs at the farm level, but to the entire university campus. The methodology used in research aims to
analyse the capacity of generate and use biogas as electricity and heat, and to compare this situation
to present situation of using national system of energy. In order to assess the sustainability of using
the above mentioned new sources of energy within an agricultural university, the methodological
tools involving analysis are implemented. The study output consists in an energetic supply solution,
which can consistently increase the financial autonomy of the university, and this, in turn, will create
new opportunities and will stimulate future educational and research.

Keywords: biogas, sustainable development, innovation, technology transfer, entrepreneurship.

AIMS AND BACKGROUND

Biogas is a result basing on the anaerobic digestion' from various organic sources,
biotic or abiotic materials, such as vegetable, animal, human or municipal waste,
having a high nutrient and carbohydrate content. For anaerobic digestion of biomass
in the biogas plant are especially provided agricultural residues (solid and liquid
manure), animal waste from slaughter, fruit fermentation mass, corn silage, cakes
(soybean, rape), glycerin and other biological substrates, but also municipal solid
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waste, wastewater sludge from wastewater treatment plants, industrial waste, food
scraps?, even mushrooms?,

In the anaerobic process a wide variety of microorganisms are involved, result-
ing in two final products: biogas and the digestate. Biogas is a fuel gas consisting
of methane, carbon dioxide, and small amounts of other gases and trace elements.
The digestate is the anaerobic decomposed substrate, rich in macro- and micronu-
trients, and which can therefore be used as a fertiliser for plants*>.

Biogas technology is the process of bio-degradation of organic substances
under the anaerobic conditions, in the proper temperature and humidity conditions,
by breaking these substances into lower molecular compound material, inorganic
matter and gases®. Some authors revealed that optimised conditions of fermenta-
tion are mesophilic temperature 35°C and pressure on 20-30 cm water column’.

Research on the process of producing biogas by anaerobic digestion of bio-
mass has been the subject of many authors. According to the International Energy
Agency?, several thousands of agricultural plants using the anaerobic digestion
process are in operation in Europe and North America, most of which are techno-
logically advanced installations built on a large scale, and on the Asian continent
there are several million simple, biogas-friendly digestors in countries such as
China, India, Nepal and Vietnam, which produce cooking and lighting fuels.

Among alternative energy sources, biogas technology, uniquely, can produce
energy from raw materials whose storage is environmental dangerous today®!!.

One of the most common applications of biogas is biogas agricultural plants,
which processes a number of substrates from agriculture: solid and liquid animal
manure, residues and products obtained from different agricultural crops (fruit
fermentation mass, soybean or rape cakes), or energy crops (corn silage, tetraploid
rye, straw, beets, grass silage). Although manure is used as a fertiliser in agricul-
ture, it is proven that by anaerobic fermentation its quality increases, primarily
due to the fact that by mixing it with other organic substrates, the nutrient content
is more balanced>!2-14,

On the other hand, economic efficiency of anaerobic digestion depends on the
investment costs, on the costs for operating the biogas plant and on the optimum
methane production. When energy crops are digested, the methane yield per hec-
tare must be maximised — always bearing in mind not only the single crops, but
environmentally friendly crop rotations that deliver maximum methane yields's.
Composition and biodegradability are key factors for the methane yield from
energy crops and animal manures!®!7.

Romanian potential in renewable energy production includes over 65% bio-
mass'3, therefore biomass is with the greatest potential for renewable energy (elec-
tricity and heat) in our country. Although the benefits of this process are checked
and assessed at a high level in Western Europe, nor in our university, nor to the
Romanian economy have done before strides in this direction!®.
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The aim of this study is to reveal the capacity of an agricultural university to
drive sustainable development by using its own resources of biomass from its own
experimental fields and farms and its own know-how in the process of obtaining
biogas through anaerobic digestion, both in the self-management of electricity and
heat needs at the farm level, but to the entire university campus.

An important part of biomass resources are also found in the Teaching and
Experimental Farm of the University of Agricultural Sciences and Veterinary
Medicine from Cluj-Napoca, being optimised in this way the access to primary
resources. On the other hand, related to the most of these resources are already
covered and are concerns of other departments of the university, but not used as
renewable energy resources, and even more are completely non-optimised, often
unused and sometimes their uncontrolled storage can negatively affect the envi-
ronment, and this can be fixed.

The main objectives of the study that drove our research were:

— identifying the potential of the electricity and thermal energy from biogas
that could be produced for the benefit of the university by anaerobic fermentation
of the raw materials generated at the university agro-zootechnical farm, both from
vegetable and animal sources, with minimum costs;

— creating a new optimised recipe of raw materials, of our own, for biogas
production based on our own resources of biomass, that our university holds in
various forms, with the aim of neutralising waste and gaining added value;

— identifying alternative ways of neutralising the plant residues, manure and
scraps that are produced at the university resorts and our own livestock farm basis,
eliminating the problem of the environmental damage and pollution by neutralis-
ing the phenomena;

— creating a platform for multi- and transdisciplinary research for a significant
number of students, teachers and researchers from university: land preparation
(energy crops), processing (fruit fermentation, physical and chemical processes for
the making of meals and glycerol), environmental protection (cleaning the land,
manure removal, fruit harvesting, avoiding uncontrolled storage);

— increasing the university revenues (and thus the financial autonomy of the
university) by optimising the use of own resources (especially biomass);

— stimulating the entrepreneurial character of the university by diversifying
new activities and new services (based on research, innovation and technology
transfer).

The methodology used in research aims to analyse the capacity of generate
and use biogas as electricity and heat, and to compare this situation to present
situation of using national system of energy. In order to assess the sustainability of
using the above mentioned new sources of energy within an agricultural university,
the methodological tools involving analyses are implemented. Thus, relevance,
scoping, impact, comparative, associative and political analyses were conducted.
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The study output consists in an energetic supply solution, which can consistently
increase the financial autonomy of the university, and this, in turn, will create new
opportunities and will stimulate future educational and research.

EXPERIMENTAL

In fact, our research was conducted according to the following methodology:

1. We started from a control recipe (Table 1) provided by the majority of bi-
ogas plants suppliers, optimised both from electricity yield and from the digestate
composition perspective'?: 30 000 t of corn silage, 22 000 t of manure, 3600 t of
waste from slaughtering, 2000 t of meals, 1000 t of glycerin. It can be seen that
the optimum composition is obtained under the conditions of two-third of dry
(basic) substances (corn silage, meals) and one-third of residue or acidic process-
ing (manure, slaughterhouse waste, glycerin).

Table 1. Control recipe of the research

Raw material Amount (t/year)
Corn silage 30000
Animal manure 22000
Animal waste from slaughter (containing stomach, intestines, blood) 3600
Meals (especially rape) 2000
Glycerine 1000

2. It has been identified all resources of biomass that university owns (resorts
research, experimental fields, breeding base, processing plants, etc.) and we have
measured the amount of biogas that contains every type of raw material, to verify
the functionality of the concept.

From internal databases, the university owns at the moment (ownership or state
use) over 2000 ha of agricultural land (1000 ha arable, 12 ha orchard, 2 ha vine-
yards, 1000 ha pasture) and raises over 270 cattle, 400 swine, 1100 sheep, 10 000
poultry. Starting from the relevant statistical data>!>-?, the animals owned by the
university generates approx. 5000 t of solid and liquid manure annually (Table 2).

Table 2. Quantity of solid and liquid manure at the university farm

Animal Number Solid and liquid manure ~ Solid and liquid manure
type of animals (t/year) total (t/year)
Cattle 270 10 2700
Swine 400 1.5 600
Sheep 1100 1 1100
Poultry 10000 60 t/1000 poultry 600
Total 5000
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To feed the animals, in our farm were used the following average food norms:

— for cattle: 2 t of grass silage and 8 t of corn silage, annually for everyone;

— for swine: 1 t — 50% wheat, 25% corn grains, 25% meals, annually for
everyone;

— for sheep: 1 t of grass silage, 0.2 t of corn grains, annually for everyone;

— for poultry: 45 kg — 50% corn grains, 50% meals, annually for everyone.

In Table 3 are presented the required feed quantities on the university farm.

Table 3. Required feed quantities on the farm

Animal type Grass silage Cornsilage =~ Wheat  Corn grains  Meals
(t/year) (t/year) (t/year) (t/year) (t/year)
Cattle (270p) 540 2160
Swine (400p) 200 100 100
Sheep (1100p) 1100 220
Poultry (10000p) 250 200
Total 1640 2410 200 320 300

Using the same statistical source information>!*%, also, the agricultural land
of the university has the annual productivity as shown in Table 4.

Table 4. Annual yield of agricultural land of the university

Crops Area (ha) Yield (t/ha) Total tield (t/year)
Corn silage 500 40.0 20000
Rape 200 2.5 500
Straw (wheat) 300 42 1260
Grass silage 1000 20.0 20000
Orchard 12 25.0 300
Vineyard 2 10.0 20

The average annual production of rape, in Romania, is 2.5 t/ha (Ref. 21). By
cold pressing is obtained pure oil (about one-third) and meal (two-thirds). From
total amount of oil, about 80% are converted into biodiesel by esterification pro-
cess and the rest is pure glycerin. So, for every 1 ha of rape cultivated result about
1.6 t of meal (two-thirds) and 0.8 t of pure oil (one-third), that means about 0.8 X
20% = 0.16 t of glycerin. On the other hand, considering 20 t of fruit for food, it
results 300 t of fruit fermentation mass.

The main important biomass resources in Romania and their biogas produc-
tivity? are presented in Fig. 1.
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Fig. 1. Amount of biogas that can be obtained from various raw materials
Source: SC Global ARM SRL (2008) — Feasibility Study

Obviously, from the total annual crops presented above, the quantities neces-
sary for animal feed are first deducted, so in the following table we will only take
into account the surplus of production obtained at the farm level. We also use
the data in Fig. 1 as well as the detailed parities of other authors?, according to
which the electricity released by 1 N m® of biogas is in the range of 1.5-3 kWh,,.
We considered an average of 2.4 kWh for 1 N m? of biogas and the resulted data
were processed in Table 5.

Table 5. Raw material yield in biogas composition and electricity at the university farm

Raw material Quantity (t) Quantity of biogas Electricity

(N m’) (kWh)
Animal manure 5000 20000 480000
Corn silage 17590 3254150 7809960
Rape meal 20 14000 33600
Glycerin 32 38400 92160
Straw 1260 233100 559440
Grass silage 18360 3396600 8151840
Fruit fermentation mass 300 54000 129600
Total 7190250 17256600

RESULTS AND DISCUSSION

First, it could be appreciated that at the farm level, only from the agricultural pro-
duction excess, through an efficient use of the resources and without affecting the
activity and sustainability of the farm, there would be enough raw materials that
would ensure the production of 17 256 MWh annually. The data from the university
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own accounting show that at the level of the entire university campus, 3000 MWh
of electricity is annually consumed, for which is paid approx. 330 000 euro. Not
only we could produce the entire amount of electricity needed on campus, but we
even could deliver to our national electricity system approx. 14 250 MWh annually
produced from renewable resources! According to our legistgtion this kind
of energy it could be obtained the average price (approx. 30 euro on the Next Day
Marke®®) and 3 green certiycates of 30 euro each (Green Certiycates Market?).
By a simple and immediate calculation, we could get approx. 1.7 million euro an-
nually! Looking back into the consolidated accounting of the university, it could
be immediately discovered that this amount would cover all the campus heating,
electricity and heating costs in all other university annexes (including the farm)!
In addition, the biogas plant also generates'heafycient to ensure thermal
comfort in the farm.
On the other hand, from the raw material structure of Table 5, it can be ob-
served a weight of about 85% of the dry substance. Referring to the control recipe,
to balance nutritionally the digestate content, we could add to the recipe up to
10 000 t of slaughtering scraps. Considering that this resource does not consume
money, but contrary it yields approx. 507100 eur/t by neutralising these waste*?,
this contributes not only to the university self-sustainability but also to a sustain-
able development of the area through clear mechanisms of neutralisation of waste
and implicitly protection of the environment.
Based on these preliminary results, we propose a new recipe, as follows:
17500t of corn silage, 17 500 t of grass silage, 5000 t of manure, 300 t of fruit draff,
5000 t of waste from slaughtering. This recipe could produce approx. 17 500 MWh
per year, which would require a 2 MWh biogas plant. The costs of implementing
such a biogas plant could be fully funded through the structural programs valid
for Romania during this period.

CONCLUSIONS

The experimental research has clearly demonstrated that, through careful exploi
tation of university resources and using these in a biogas plant of our own, on
our farm, it can be ensured a sustainable development of the university, both by
optimising revenue and expenses, and by applying alternative ways of neutralis
ing plant residues, manure and scraps that are produced at the university resorts
and our own livestock farm basis, eliminating the problem of the environmental
damage and pollution by neutralising the phenomena.

Last but not least, in the process of biogas production may be aware and
involve both students and researchers from several departments of the university
(agriculture, horticulture, animal husbandry, environment or economic area), be-
ing able to create multi- and transdisciplinary research on medium and long term.
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