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1. INTRODUCTION

This report considers a small Hungarian wine-making vill age and examines the
feasibility and possible benefits of a village-scale biogas reactor in the community.
The purpose is to perform a realistic assessment of tle bio resources originating in
the community and to describe one possible way in whi ch these can be utilised to
produce biogas (methane) through anaerobic digestiofAD) which could in turn,
provide a source of sustainable energy for the village.

In the sections that follow, a description of the vill age and its resources is given
followed by spreadsheet calculations in which several rather conservative
assumptions are made in calculating the amount of methane which could be
produced. Following this, a brief description is give n of the type of anaerobic reactor
and associated equipment which could be used to satisfy the level of production and

suggestions for possible use of the energy. Finally, an economic and practical
assessment is made of such a plant to determine if it is in the interest of the villagers.

The village under consideration is located in the outlying areas of Budapest,
Hungary. It consists of 70 families with a total population of about 3.2/inhabitants

per family (224 people). Each family is one household. The agricultural land includes

20 hectares of cultivated vineyard and small plots of pasture land for the keeping of
livestock. In general, each family owns a section of the vineyard and produce and
bottle wine from the grape harvest. The livestock includes roughly 50 pigs, 250
chickens, and ten dairy cows. The chickens and pigs arekept in fenced, partly open
paddocks year round where as the cows are at pasture fran April until October.

Each household keeps its own garden area of approximately 100n? and has an
additional 250m?2 of grassy area at each house. Around the dwellings and garden
areas are several shrubs and trees whose fallen leaves als@ontribute to the bio
resource in autumn.

In the past, most of the bio originated resources from the village were treated using

aerobic digestion in household compost bins. A small amount of the resource went to
the communal wastewater treatment plant located in a nearby town. Seasoned
animal manure and compost were returned to the agricultu ral land and pastures.
Like all who work the land, the villagers realise the importance of returning nutrients

to the soil. By producing biogas, however, the energy is in a more useful form while

the digestate is still a valuable soil additive. Most have heard that they can supply
some of their own energy needs while at the same time reducing environmental

loads. Residents would like to setup a completely sustainable local method of
handling of both the continuous and seasonal flows of biodegrad able resources in the
community.

! Note that the word, “waste” is not used here sibgedefinition, is something which has no use andact,
does not exist in the natural world. For humansyéner, “waste” becomes a “resource” once it isadd.



2. VILLAGE RESOURCES

The following tables give details of the bio resources from the village and an
indication of their availability. Here the quantity of resources is listed in the

accompanying MS EXCEL spreadsheet. Assumptions appear as comment s in the
relevant cells of the spreadsheet.

Resource Description Availability

humanure + kitchen collected in each household continuous
residues using a sawdust toilet

pig manure collected from piggery continuous
cow manure collected from cow house continuous
hen manure collected from hen house continuous

winery sludge grape stems, skins, seeds and mash seasonal
from winemaking (Sept - Oct)

grass cuttings from yards seasonal
(May — Oct)

tree leaves fallen leaves from yards seasonal
(Oct — Nov)

garden + vineyard from weeding household gardens and seasonal
residue seasonal pruning of vineyards (May - June)
straw used for mixing with other resources before continuous

digestion — may have to be purchased locally
wood ash* fireplace ash from several village households continuous
(mainly from deciduous trees) — can be used
to raise the pH of the digester feedstock —
*NOT considered as a resource in calculations

Table 2.1 Bio resources available in the Hungarian village.




3. OPERATIONS

FLOW CHART

The following flow chart described the overall material flow at the proposed biogas
plant.
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Figure 3.1 Material flows of proposed biogas plant



SITE MAP

The site map below describes the actual village and the relative locations of pastures,
vineyard and residential area. On the map, number 7 indicates the proposed location
of the biogas plant.

1- Living area
2 — Forest

3 — Uncultivated
meadow

4 — Cultivated

DZ meadow / Pasture
5—Corn/ Grain

6 — Vineyard

7 — Planned site of
biogas plant

Figure 3.2 Sketch of village and proposed biogas plant location (7).

PERSONNEL

The biogas plant needs no extra personnel above the nomal personnel working in
the agriculture. The winery is maintained partly with ce ntralised machinery
(ploughing, spraying) partly individual hand-work of the  owners or of rented
employee (pruning, selection). The wine production cellar and bottler is fully
centralised. For this reason there are two full-time and three to seven seasonal
employees in the winery. Animals are kept in areas surrounding the households.
Small livestock (chickens and pigs) are kept in partly open paddocks year round.
Cattle are pastured from April until October on open fields where manure is not
collected. Chicken and pig manure, and also cow manure in wintertime is to be
collected from the households in given time-periods with the central management’s
existing machinery. To support this, airtight storage tan ks are to be located at each
household concerned. Into the same storage any bio resarces, like kitchen residues



and garden cuttings from the households can be loaded. This basically replaces the
traditional open compost container. Those, who have no significant amount of bio
degradable waste (e.g. no animals) are paired with someonein the nearby to use the
same tank. For the emerging extra work, which is to supervise the production flow
and the loading of the reactor, in the biogas plant present employee of the winery can
be trained. Among the seasonal substrates the winery resdues are significant. They
include stem, peel and seeds immediately following harv est and, after four months
and eight months respectively, a large amount of sludge. Since these appear within a
short period of time in large amounts, it is essential to ensure proper storage exists.

BIOGAS AND DIGESTATE UTILISATION

Due to the large number of resource contributors, the benefits of a biogas plant
should be made available to all villagers. The easiest wayto ensure this is to generate
electricity with the biogas through a gas-fired engine and a generator. The produced
electricity can be sold to the electricity grid as green electricity and monetary revenue
can be distributed amongst the contributors. The attached spreadsheet includes some
assumptions about electricity price per kilowatt-hour and heat generated by the
engine. In the future, villagers hope to utilise the heating energy in a local bath
house.

The digestate consists of two types. There is a mostlysolid fraction and then a liquid
fraction. The liquid fraction can be stored in tanks and applied to the agricultural
land before or during the growing season as a liquid fer tiliser. The solid fraction can
be stored in covered windrows where it can undergo further aerobic composting. It
can then be applied to agricultural land and/or garden pl ots in early spring.
Villagers will be entitled to a fair share of these soil enhancers based on resource
inputs amount. Furthermore the dry digestate can be distributed to the market as
flower soil and provide additional revenue.



Figure 3.3 Schematic of a proposed biogas production plant including gasiitifis

A possible configuration for a biogas plant is shown in Figure 3.3 in which the
detailed equipment specifications are not considered. The bio resources or substrates
are loaded (perhaps) every few days into a mixing chamber with water to form the
correct consistency. Substrate from the mixing chamber is pumped to the main
digester where its retention time is approximately 30 d ays. The contents are mixed
by recirculation of the biogas from the storage tank into the bottom of the digester. A
small amount of substrate from the main digester is cir culated back to the mixing
chamber to act as an inoculant and help introduce a large population of needed
bacteria. Mostly-digested substrate exits the main digester through a pump after
which it is mechanically separated into solid and liquid fractions. All three vessels,
the mixing chamber, digester and post digester, are seale&l and fitted with gas
collection piping to the main biogas storage tank. No mo dification of the produced
biogas is done (i.e. gas cleaning). From the biogas storge tank, the biogas, which
must have a minimum methane content of roughly 50%, is fed directly into gas
engine. The engine turns an AC electric generator and ako produces heat, some of
which is utilised in maintaining the temperature of t he main digester tank through a
submerged heat-exchanger.



4. EVALUATION

The main criterion for deciding on the feasibility of the proposed biogas plant is one
of economics. The table below lists the annual production values according to the
assumptions and calculations described above. What the tabke does not include,
however, is the value of the produced heat energy due to the fact that its utilisation

has not yet been decided.

digestate (tonnes —assuming a 50% mass reductior) 193
biogas yield (m®) 12832
yield energy of methane (kwWh) 63625
electricity generation (kWh) 22269
heat energy (kwh) 31812
nitrogen value ( ) 830
electricity worth () 2450
total annual revenue ( ) 3280

Table 4.1 Annual production values for the proposed biogas plant

An estimate of the energy content of all the bio-resources considered is shown in
figure 4.1 depicts the relative contribution of each bio-resource to the total energy
resource available, based on the estimate presented here.

Energy Content of All Bio Resources
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Figure 4.1 Relative energy contribution from each of the available bioreEsou



From the above table it can be seen that the total annualrevenue of such a biogas
plant is rather small. The question one should ask is “What is the maximum amount of
money the villagers may be willing to invest at presensét up such a plant™ order to
estimate this amount, the value of investments must be considered over time. The
present worth (P) of a simple uniform series of payments (A) over (n) years at interest
rate (i) can be found using the following relation

1+i)" -1
P=A %
i(1+i)
By using the values of A = 3280 , i = 10% andn = 20 years investment, the present

worth of the investment is found to be P = 27924 . With this 20-year plant life and

constant annual revenue assumed, it means that this cost P) is the maximum amount

of money the villagers should invest in such a biogas plant in order for the

investment to make any economic sense. The lower theactual cost, the better the
financial benefits.

In summary, the village considered has numerous bio resources available for a
biogas plant and utilising them could result in at least modest revenue for the local
inhabitants. The question next to be answered is “What kind of investment is necessary
for construction of a biogas pl&itin order to answer this question a more detailed
analysis of village resources is needed, particularly the individual skills and social
resources of the villagers themselves is called into question. It seems likely that, at
least, a simple pilot plant could be put into operation if the community is willing to
cooperate in construction and maintenance.
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Reference Tables

Material Carbon amount of Nitrogen amount of Ca_rbon/nitrogen
total mass (%) total mass (%) ratio (%)
Dry straw 46 0,53 87:1
Dry rice stalks 42 0,63 67:1
Maize stalks 40 0,75 53:1
Fallen leaves 41 1,0 41:1
Soya bean stalks 41 1,3 32:1
Wild grass/weeds 14 0,54 27:1
Peanut vine stalks 11 0,59 19:1
Fresh sheep manure 16 0,55 29:1
Fresh cow manure 7,3 0,29 25:1
Fresh horse manure 10 0,42 24:1
Fresh pig manure 7,3 0,60 13:1
Fresh humanure 2,5 0,85 2,91
Common
Material Humanure Solid pig Liquid pig | Horse wi_nd- Dried rice | Cow
manure manure manure dried stalks manure
manure
Water
content 80 82 96 76 30-40 10-20 83
(%)




Material

Amount of gas produced per
tonne of dried material ( m3)

Methane content (%)

General stable manure from

livestock 260-280 50-60

Pig manure 561 -

Horse manure 200-300 -

Rice husks 615 -

Fresh grass 630 70

Flax stalks or hemp 359 59

Straw 342 59

Leaves from trees 210-294 58

Potato plant leaves and vine 260-280 -

Sunflower leaves and stalks 300 58

Sludge 640 50

B o s

Animal Beef Broiler | Dairy Duck Horse | Human | Layer Pig Sheep | Turkey | Veal
cow cow hen

Daily 29 0,19 43 0,33 20,4 0,5-1,0 | 0,13 5,88 2,4 0,38 2,48

manure

production

(kg)

Total 14,7 26,3 14,0 27,3 29,4 20,0 23,1 13,1 27,5 26,3 8,5

Solids (%)

Volatile 12,4 21,0 11,6 18,2 19,6 3,0 15,4 10,2 22,9 18,4 3,6

Solids (%)

| CARBON / NITROGEN RATIOS

|Materia| | %N | C/N Ratio

|Activated Sludge | 5-6 | 6

|Amaranth | 3.6 | 11

|Apple Pomace | 1.1 | 13

Blood | 10-14 | 3

|Bread | 2.10 | -

|Cabbage | 3.6 | 12

|Cardboard | 0.10 | 400-563

|C0ffee Grounds | - | 20

|C0w Manure | 2.4 | 19

|Corn Cobs | 0.6 | 56-123

|Corn Stalks | 0.6-0.8 | 60-73

Cottonseed Meal | 7.7 | 7

|Cranberry Plant | 0.9 | 61

|Farmyard Manure | 2.25 | 14

[Fern | 1.15 | 43

[Fish Scrap | 10.6 | 3.6

Fruit | 1.4 | 40

|Garbage (Raw) | 2.15 | 15-25

|Grass Clippings | 2.4 | 12-19

|Hardwood Bark | 0.241 | 223

|Hardwoods (Avg.) | 0.09 | 560

|Hay (General) | 2.10 | ---

|Hay (legume) | 25 | 16




|Hen Manure | 8 | 6-15
|Horse Manure | 1.6 | 25-30
[Humanure | 5-7 | 5-10
|Leaves | 0.9 | 54
|Lettuce | 3.7 |
|Meat Scraps | 5.1 |
IMussel Residues | 3.6 | 2.2
\Mustard | 15 | 26
INewsprint | 0.06-0.14 | 398-852
|Oat Straw | 1.05 | 48
|Olive Husks | 1.2-1.5 | 30-35
|Onion | 2.65 | 15
|Paper | | 100-800
|Pepper | 2.6 | 15
|Pig Manure | 3.1 | 14
|Potato Tops | 15 | 25
|Poultry Carcasses | 2.4 | 5
|Purslane | 4.5 | 8
|Raw Sawdust | 0.11 | 511
IRed Clover | 1.8 | 27
Rice Hulls | 0.3 | 121
|Rotted Sawdust | 0.25 | 200-500
|Seaweed | 1.9 | 19
|Sewage Sludge | 2-6.9 | 5-16
|Sheep Manure | 2.7 | 16
|Shrimp Residues | 9.5 | 3.4
|Slaughter Waste | 7-10 | 2-4
|Softwood Bark | 0.14 | 496
|Softwoods (Average) | 0.09 | 641
|Soybean Meal | 7.2-7.6 | 4-6
Straw (General) | 0.7 | 80
Straw (Oat) | 0.9 | 60
|Straw (Wheat) | 0.4 | 80-127
Telephone Books | 0.7 | 772
[Timothy Hay | 0.85 | 58
|Tomato | 3.3 | 12
[Turkey Litter | 2.6 | 16
[Turnip Tops | 2.3 | 19
|Urine | 15-18 | 0.8
\Vegetable Produce | 2.7 | 19
\Water Hyacinth | | 20-30
\Wheat Straw | 0.3 | 128-150
\Whole Carrot | 1.6 | 27
|Who|e Turnip | 1.0 | 44




