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Abstract. The main waste generated in the milking parlours is manure-bearing wastewater. Its amount governs
the total volume of manure output from the farm and the costs of its storage, processing and disposal. The aim of
the research was to create models to minimise the output of this wastewater at the conceptual designing stage of
dairy farms. The relevant technological, technical and organizational factors were analysed. Based on regulatory
data, the encoded regression equations were obtained by computation for the daily output of manure-bearing
wastewater from the milking parlours with herringbone, parallel and carousel (rotary) milking installations
depending on the technological group size, milking installation capacity, number of floor washings and the
milking time of the herd. The number of floor washings was found to have the greatest effect on the specific
output of manure-bearing wastewater. The encoded equations were also obtained for determining the maximum
number of cows to be milked on one milking installation that also depended on the technological group size, the
milking installation capacity, and the time of one milking of the herd. The obtained equations were used to find
the optimal solutions at the conceptual designing stage, to choose the technological parameters of the cow barn
and the milking parlour by the criterion of the minimum output of manure-bearing wastewater, and to reduce the
anthropogenic load on the environment. For the herd of 600 heads with 5-hour milking twice a day, the
minimum specific output of manure-bearing wastewater of 5.41-head'-day” was estimated for the case of the
herringbone milking installation. The technological group should be of 60 heads, and the installation should have
40 milking units.
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Introduction

Adequate technological solution, adopted at the designing stage of dairy farms, minimises the
investment and resource costs and reduces the production waste, which needs to be stored, recycled
and disposed of.

Cow milking is a key operation on dairy farms. The design of the milking parlour directly
depends on the type and size of the milking installation. The studies of other authors examined the
geometric parameters of milking parlours of various types [1]; estimated and optimised the milking
process in terms of the milking time and unit costs [2]; developed a mathematical model to find the
more cost-effective solution for the milking parlour and to evaluate the milking process efficiency for
the farms to be built and for upgrading the existing farms with due account for technical parameters,
job performance and economic criteria [3]; analysed the construction costs of milking parlours of
various designs [4]. However, these indicators are not enough when designing a milking parlour. The
growing attention is paid to production waste, which can be reduced already at the stage of space-
planning decision-making.

On most livestock farms, the manure-bearing wastewater from the milking parlour is mixed with
manure [5;6] affecting its total volume and storage, processing and disposal costs.

Manure-bearing wastewater from the milking parlour is a mix of animal excrement and the
technological water, which is used to wash the exterior of the milking installation and for regular
washing of the holding, milking and exit areas [7;8]. The output of manure-bearing wastewater
depends on both quantitative and qualitative factors, which may be divided into technological
(technological group size, number of floor washings, floor cleaning method), technical (type and size
of the milking installation, floor cleaning equipment), and organizational (staff performance quality).

The holding area is governed by the technological group size. Under the same animal stock, the
bigger number of cows in the group results in the bigger amount of produced manure-bearing
wastewater, mainly due to the larger holding area [7]. Also, the waiting time in the holding area is
longer and this has a negative effect on the level of cow comfort [9]. The type and size of the milking
installation are selected by the number of lactating cows and estimated milking time of the herd; they
affect the layout of the milking parlour, and, accordingly, the cleaning area. On some farms these areas
are washed up to three times a day. Special equipment for preliminary floor cleaning and high-
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pressure washers contributes to significant water saving, and, consequently, smaller output of manure-
bearing wastewater [10]. The staff performance quality also affects the wastewater volume: high
quality work helps reduce it, while low quality work and lack of control increase the required water
consumption.

The aim of the research was to create models to minimise the output of manure-bearing
wastewater from a milking parlour at the conceptual designing stage of dairy farms.

Materialsandmethods

The objective function to minimise the specific output of manure-bearing wastewater from the
milking parlour per 1lactating cow Y;,may be written in the following form:

Y, = f(Xo, X1, Xo, X3, X4, X5, Xg)— min, (1)

where Y, — specific output of manure-bearing wastewater from the milking parlour,
l-head-day™
Xo— milking installation type;
X, — technological group size, head;
X, — milking installation size, milking unit (stall);
X;— number of floor washings;
X4— milking time of the herd, hour;
X5 — floor cleaning method;
Xe— staff performance quality.

The above factors reflect the entire technological chain associated with generation of manure-
bearing wastewater from the milking parlour, suggesting a systematic approach to the phenomenon
under study: variables X; and X, characterise the technological parameters of the farm, X,, X,
characterise the choice of equipment, X3, X5 show how the work is performed, and X; is an external
factor.

The effect of some factors may be calculated [11]. Then, the specific output of manure-bearing
wastewater from the milking parlour per head per day may be written as:

Y +Y,mf + XY

exc oor

Y, = G ; (2)
where Y, — volume of excrement, which gets into manure-bearing wastewater, 1-day';
Yoot — volume of solution for hoof treatment, 1- day’l;
Yj0or — volume of floor wash-water, which gets into manure-bearing wastewater, 1- day'l;
G — milking herd size, head.

The amount of excrement, left by the cows in the milking parlour, and the hoof treatment solution
are calculated by the total number of animals [11].

Knowing the milking parlour area and the cleaning water requirement, the amount of generated
wastewater is calculated. However, the effectiveness of this area use may be different and in terms of
reducing the specific output of manure-bearing wastewater it may be determined by the number of
milked cows:

G=Xn 3)

where n — number of technological groups, which can be milked on the milking installation. It
depends on the throughput of the milking installation and the estimated milking time of
the herd.

The maximum number of groups for each option may be found from the condition

k t
n=~=—; “)
c
where k — throughput coefficient of the milking installation, head-hour: herringbone — 3.5;
parallel — 4; carousel — 5;
t — single milking time of the herd, hour;
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¢ — coefficient of the occupancy rate of the milking installation (number of operation
cycles of the milking installation per one group).

Coefficient ¢ for herringbone and parallel installations should take into account the technological
group size: it is important that the number of cows in a group is a multiple of the number of milking
units (stalls) located on one side of the operator’s pit. For carousel this condition is not valid.

Coefficient ¢ for milking installations may be written as:

X X
e herringbone and parallel ¢ =—- ¢=—" and rounded to the nearest larger multiple of 0.5;
2 2

e carouselc = , where 3 is the number of vacant places when the groups rotate.
2

With this in mind, the expression (2) may be written as

2’ meh g'l‘ X3 c Vw (Sholding + Ssanzone + Sparlour)

; 5
0 7 X, kt ®)

Ysp =my,, +

where myg,,— average volume of excrement left in the milking parlour by one cow, l-day™;
Vian. — volume of water in one hoof treatment bath, 1;
Q — number of animals, after which the hoof treatment solution is replaced, head;
q — number of hoof treatment days per week;
V,, — volume of water used for regular floor washing, 1-m;
Shotding — holding area, m?;
Ssanzone — SANIitary zone area, m’;
Spariow — milking parlour area, m’.

Expression (5) requires the knowledge of coefficients and areas depending on the type and size of
the milking installation that makes it poorly adapted for use. Therefore, it was converted for different
types of milking installations.

The above factors were considered in such a way that the value coinciding with “minus 17 level
corresponded to the least favourable factor value for the target indicator, i.e. the greatest output of
manure-bearing wastewater from the milking parlour; and “plus 1” - to the most favourable factor
value, i.e. the lowest output of manure-bearing wastewater (Table 1).

Table 1
Factors and their levels for different types of milking installations
Factor levels
Factor Symbeol | Herringbone Parallel Carousel
-1 10 |+1]| -1 0 +1 -1 0 | +1
Te‘:hn‘ﬂog}ll‘;il Pl X, [180 [120 |60 |180 |120 | 60 |300 |180 | 60
Milking installation size, X, |40 |30 |20 |60 |40 |20 |90 |55 |20
number of units (stalls)
Floor washings X5 3 2 1 3 2 1 3 2 1
Milking time, h Xy 3515 |65 |35 5 6.5 |35 |5 |65

The volume of manure-bearing wastewater generated in the milking parlour was calculated from
the regulatory data and statistically average farming practices using the matrix of Box-Behnken
design, which was generated using STATGRAPHICS Plus. The following values were used in the
calculations: floor cleaning water in the milking parlour — 5 1-m™ [12]; the excrement left by cows in
the milking parlour — 2 % of their average daily output (55 kg-head™) [13]; the hoof treatment twice a
week [14] in two baths with the capacity of 200 1 each: one with clean water to wash the hooves before
the main treatment, and the other — with the treatment solution; the solution was changed after
250 cows had been treated [14, 15]; the holding area of 2.0 m*-head'[12]; the milking parlour area
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was calculated by the method in [16]. In the study the size of the sanitary zone was neglected; the
water for udder washing was also neglected, since on modern farms disposable wipes are used for this
purpose.

Results and discussion
The calculated values of the specific output of manure-bearing wastewater are presented in Table 2.

Table 2
Specific daily output of manure-bearing wastewater (I-head™)
Coded values of Maximum cow Specific output of manure-bearing
factors number milked on wastewater, I-head™
— the milking
— = § ¢ | . | installation during | Herringbone Parallel Carousel
No. .?D g % 5| £ | § milking time X,
S22 B w| o - =
3 Bh|.E 2| 8 = Ey = 2 v k= o v =z | =0
= 25 2|2 E| £ Bl 2| 5| & g | AE|5¢
Z 3 2 = © & g | ° £ | ©°| &%
X | N |5 X G, G, G; Y, Y, 3 Y, ¥s Ys
1 0 0 0 0 480 840 1440 11.8 9.2 7.4 7.0 5.7 5.9
2 -1 -1 0 0 720 1260 | 2100 11.0 8.8 7.2 6.9 6.2 6.4
3 1 -1 0 0 720 1200 | 2160 7.7 5.5 54 5.1 3.9 4.1
4 -1 1 0 0 360 360 600 16.6 14.1 16.0 15.0 13.1 13.2
5 1 1 0 0 360 420 480 9.9 7.4 8.2 7.4 6.0 6.2
6 0 0 -1 -1 360 600 900 22.0 16.8 | 13.9 13.0 11.5 11.9
7 0 0 1 -1 360 600 900 8.4 6.6 5.7 54 4.9 5.0
8 0 0 -1 1 720 1080 | 1800 11.8 9.2 8.4 7.9 6.5 6.7
9 0 0 1 1 720 1080 | 1800 5.0 4.1 3.8 3.7 3.2 3.3
10 -1 0 0 -1 360 540 900 18.5 15.1 12.9 12.3 10.9 11.1
11 1 0 0 -1 360 540 900 11.8 8.4 8.5 7.8 5.5 5.8
12 -1 0 0 1 720 1080 | 1800 10.0 8.3 7.2 6.9 6.2 6.3
13 1 0 0 1 660 1020 | 1680 7.2 5.3 5.2 4.9 3.7 3.8
14 0 0 0 0 480 840 1440 11.8 9.2 7.4 7.0 5.7 5.9
15 0 -1 -1 0 720 1200 | 2160 13.2 9.9 8.9 8.4 6.7 7.0
16 0 1 -1 0 360 360 540 19.1 15.3 18.2 16.8 14.2 14.4
17 0 -1 1 0 720 1200 | 2160 5.4 4.4 4.0 3.9 3.3 34
18 0 1 1 0 360 360 540 7.4 6.1 7.1 6.6 5.8 5.8
19 -1 0 -1 0 540 720 1500 18.5 15.1 14.3 13.6 9.9 10.2
20 1 0 -1 0 540 780 1320 11.8 8.4 8.7 8.1 5.6 5.9
21 -1 0 1 0 540 720 1500 7.2 6.1 5.8 5.6 4.3 4.4
22 1 0 1 0 540 780 1320 5.0 3.8 4.0 3.7 2.9 3.0
23 0 -1 0 -1 480 840 1620 13.2 9.9 8.5 8.1 6.1 6.4
24 0 1 0 -1 240 240 360 19.1 15.3 18.2 16.8 14.2 14.4
25 0 -1 0 1 960 1560 | 2880 7.4 5.8 5.3 5.1 4.1 4.3
26 0 1 0 1 480 480 720 10.3 8.4 9.9 9.2 7.9 8.0
27 0 0 0 0 480 840 1440 11.8 9.2 7.4 7.0 5.7 5.9

Regression models were created by the results of the calculated data processing; they described
the relationship between the specific output of manure-bearing wastewater and four independent
variable factors. After the insignificant regression coefficients were eliminated, the coded equations of
the established models were presented for the farms using different milking installations:

herringbone with rapid exit:
Y, =11.867 — 2.367-X; + 2.042-X, — 4.833-X; — 3.442-X, — 0.588-X,> — 0.85-X,-X, +
+ 1.125-X,- X3+ 0.975-X,- X4 — 0.975-X5- X5 — 0.75-X5- X, — 0.638- X3 + 1.7-X3-X, + 0.6-X,°.
R*=0.998; (6)
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herringbone with regular exit:
Y, =9.356 — 2.392-X; + 1.858-X,— 3.633-X; — 2.583-X, — 0.458-X,* —
- 085X1X2 + 11X1X3 + 0925X1X4— 0925X2X3 - 0.7'X2'X4—
—0.521-X5" + 1.275-X5-X, + 0.404-X,”.
R*=0.997; (7)

parallel with one exit:

Y;=8.04—-1.95X, +3.191-X, - 3.5-X3 - 2.325-X, — 1.5-X;-X, + 1.702-X,> —
—1.55-X,-X5 — 1.275-X>-X,.R* = 0.956; (8)

parallel with two exits:

Y, =7.593 - 1.942-X, + 2.858-X, — 3.242- X3 — 2.142- X, — 1.45-X;-X> + 1.515-X,% —
—1.425-X,-X; — 1.15-X,-X,.R* = 0.954; 9)

carousel with the operator outside the platform:
Ys=5.728 —~1.917-X; + 2.575-X, — 2.5- X5 — 1.792- X, — 1.2-X,- X5 + 0.725-X;-X;5 +
+0.725-X;-Xs + 1.635-X,° — 1.25-X5-X5— 1.075-X,-X, + 0.825-X5-X4 + 0.785-X,%.
R*=0.982; (10)

carousel with the operator in the centre:

Ys=5.917-1.9-X; +2.533-X, - 2.6: X3 — 1.85- X4 — 1.175-X;-X5 + 0.725-X;-X;5 + 0.7-X,- X, +
+1.619-X,> — 1.25-X,-X5— 1.075-X5-X, + 0.875-X5-X4 + 0.794- X,2.R* = 0.984, (11)

where R’ is the determination coefficient.

Multiple regression analysis of the obtained data showed that the specific output of manure-
bearing wastewater was most affected by the following factors: herringbone installation — the number
of floor washings X; and the milking time X,; parallel and carousel installations — the number of floor
washings X3 and the milking installation size X,. For carousel installation the effect of these factors
was approximately the same. With the smaller technological group size, the specific amount of
manure-bearing wastewater generated in the milking parlour decreased, but with the smaller number
of milking units (stalls), it increased. With the longer milking time of the herd it decreased due to the
bigger number of cows served per unit of area, which required cleaning.

The regression equation for determining the maximum dairy herd size, which depends on the
technological group size (X;), the milking installation size (X,) and the milking time of the herd (X,),
may be presented in the coded form after the insignificant regression coefficients are eliminated:

e for herringbone installation:
G, =531.111 - 180.0-X, + 175.0-X, — 60.0-X,-X,R*> = 0.985; (12)

o for parallel installation:
G, =797.778 — 420.0- X, + 245.0-X, — 120.0-X,-X,R* = 0.988; (13)

e for carousel installation:
G;=1368.89 —45.0-X; — 820.0- X, + 425.0- X, — 225.0-X2-X4R2 =0.993. (14)

The milking installation size, the milking time, and their interaction demonstrated the greatest
effect on the calculation results. With an increase in the milking installation size and the milking time,
the number of cows that could be milked on the milking installation under consideration increased.

The search for optimal technological parameters of the farm and the milking parlour in terms of
the minimum output of manure-bearing wastewater by the non-linear programming method in a coded
form will look like:

YYp =f(X09 Xl’ X27 X3’ X4)_) mlnaG =f(Xl9 XZ’ X4),
—I<X <L -1<X<L-1<X<1;-1<X,<1 (15)

The solving procedure of the optimisation problem allows to find the optimal value of the
objective function by varying the values of the influencing factors. To narrow the set of values used in
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the model, restrictions on the values of variables and final factors were applied [17]. When decoding
the obtained results, it should be remembered that the factors of the technological group size and the
number of floor washings are to be the whole numbers, and the size of herringbone and parallel
installations is usually an even number.

The optimisation problem (15) was solved in EXCEL with the use of mathematical models (6) -
(11) and (12) - (14). The values of the factors providing the minimum specific output of manure-
bearing wastewater were obtained for two-time milking of the herd of 600 heads with limited milking
time of 5 hours. Coded values were converted into real ones by the method in [17].

The optimisation problem solution by mathematical models (6) - (11) and (12) - (14) for the
considered milking installations is shown in Fig.1.

|-head™ -day?
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7.00
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- BB

5.50

5.00 - |

Herringbone  Carousel with  Carousel with  Parallel with Parallel with Herringbone
with regular exit the operator the operator in two exits one exit with rapid exit
outside the the centre
platform

Fig. 1. Optimisation problem solution for different types of milking installations

Comparing the data obtained, when solving the optimisation problem for each milking installation
type, the conclusion was that the minimum specific output of manure-bearing wastewater
(5.4 1-head”-day™) would be obtained on the herringbone installation with regular exit, with the
technological group size being 60 heads and the number of milking units being 40.

Conclusions

The approximate daily output of manure-bearing wastewater from the milking parlour may be
calculated for a particular milking installation type by the technological group size (X;), milking
installation size (X;), number of floor washings (X3) and the milking time of the cow herd (Xy).

Solution of the optimisation problem will allow to calculate the technological parameters of the
farm and the milking parlour in terms of the minimum output of manure-bearing wastewater. This, in
its turn, will give an opportunity to reduce the production waste already at the conceptual designing
stage and, consequently, to decrease the anthropogenic load on the environment, as well as to estimate
the required storage capacity and the land area for manure-bearing wastewater application.
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