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Abstract 
The serious subject of agriculture of Japan is reduction and aging of farmer population. Moreover, the increase in 
an abandoned cultivated land and decline in a food self-sufficiency ratio are also problems. A plant factory may 
lead to these problem solving. However, the profitability is not securable in many plant factories. The cause is 
mainly in a large amount of initial investment and a lot of energy consumed. Then, "Open Zero Energy Plant 
Factory (OZEPf) system" which combined a photovoltaics panel with a low cost tracking mechanism and ad-
vanced hydroponics equipment is proposed. In this report, the basic composition of an experimental system is 
shown first. Next, the measurement results of photovoltaics and hydroponics data collected by the small sensors 
are shown. Based on these results, the optimum allocation of photovoltaics and agriculture are shown and the 
possibility of OZEPf is suggested.  

1. Introduction 
1.1 Background 

Global warming and food crisis are the important is-
sues in the world. As a measure against global warm-
ing, the spread of photovoltaics is effective. [1][2][3] 
In Japan, since Feed In Tariff was enforced in 2012, 
the market has been expanded explosively. As a result, 
the places in which photovoltaics equipment is in-
stalled run short, and installation to water surface is 
also advanced energetically. [4][5] About the food cri-
sis, the problem of shortage of the amount of self-
support, an agricultural working population's reduc-
tion, aging, and the increase in desolation farmland is 
serious in Japan. Aiming at these problem solving, 
research and development and industrialization of the 
plant factory are advanced. The market size is ex-
pected to amount to 150 billion yen in 2025 from 23 
billion yen in 2013 [6]. On the other hand, since plant 
factory needs immense initial investment and energy 
consumption, profitability is not securable. As a re-
sult, there has been a lot of bankruptcy. Then, the law 
which will enable solar sharing (SS) was enforced as 
one of the measures for these problems in Japan in 
2014 [7]. In SS, it is a hybrid system which divides 
sunlight mutually and uses it in photovoltaics and ag-
riculture. This system uses the saturation characteris-
tic over the light volume of agricultural products. 
However, also in this system, the relation of an essen-
tial trade-off of photovoltaics and agriculture exists 
[8]. 

 

1.2   Objective 

From the above background, the first purpose of this 
research is to develop the basic technique of SS which 
can maximize the income of both photovoltaics and 
agriculture and also can minimize the consumption 
energy. Specifically, the low cost sunlight automatic 
tracking mechanism for SS systems [9] is developed 
and the effect is verified. Moreover, the increase in 
the number of times of cultivation and the possibility 
of laborsaving are investigated by combining bare 
ground hydroponics with SS. The second purpose is 
to examine the possibility of OZEPf system which can 
be managed with input energy zero based on these 
experimental results. 

2. Experimental 
SS system of the bare ground hydroponics system for 
achieving the first purpose of this research was de-
vised. The basic structure is shown in Fig. 1. The 
structure of covering with the narrow wide solar panel 
which equipped the mount of the long leg on farmland 
is the same as former type SS system. The first feature 
of this SS system is having equipped the solar panel 
with the 1 axis type sunlight tracking mechanism of 
low cost. Thereby, a motion of sunlight can be fol-
lowed from the east in the morning to the west in the 
evening. As a result, the increase in a production of 
electricity can be expected. The second feature of this 
system is being able to install original low cost bare 
ground type hydroponics equipment on farmland. 
Thereby, labor load can be decreased and an agricul-
tural-products income can be made to increase by di-
verse crops. By the hydroponics SS which  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

Figure 1  Basic structure of a hydroponics type solar sharing system 

 

combined automatic tracking type photovoltaics 
and bare ground hydroponics, basic data required 
for making the income per unit area maximize is 
collected. Based on these results, the feasibility of 
OZEPf which is the second purpose of this research 
is examined. 

3. Results   
3.1 One Axis of Low Cost Sunlight 

Tracking Mechanism 

The photograph of an original 1 axis type sunlight 
automatic tracking mechanism developed to this 
hydroponics type SS experiment is shown in Fig. 2. 
The main components of a system are 1) sequencer, 
2)  one low cost small size linear type stepping mo-
tor and 3) U shape driving force conversion mecha-

nism. The program of the orbit of the sunlight simu-
lated beforehand is inputted into 1) sequencer. 
Next, the control signal is outputted to 2) linear 
type stepping motor, and this is driven. 3) U  shape 
driving force conversion mechanism changes this 
straight-line motion into rotational movement, and 
transmits it to the narrow width solara panel (70W) 
connected with this. The rotation power is transmit-
ted to the panels combined with the adjoining 
transverse direction through the aluminum frames. 
Thereby, the panels were able to track the sunlight 
facing west  in the morning (Fig. 3b) and for east in 
the evening  (Fig.3a) correctly. 11 connected solar 
panels (they are five sheets to the south, six sheets 
to the north) and 24 rows in the direction of east 
and west as same as the linear motor are equipped

 



 

 

 

 

 

 

 

 

 

 

Figure 2:  Low Cost One Axis Sunlight Tracking Mechanism 

 

 

 

 

 

 

 

(a) Turn to east direction in the morning 

 

 

 

 

 

 

 

(b)  Turn to west direction in the evening 

Figure 3: Appearance of Sunlight Tracking  

 

 

 

 

 

 

 

Figure 4: Bird's-eye view of  

 solar energy power generation system 

on this system. This system is located in Chiba-city 
(north latitude 35°36'17 ", east longitude 
140 °07'24" ). A total of 264 panels has been driven 
by one low cost  linear motor (500 U.S. dollars, see 
Fig.4). Annual electric power production increased 
11.4% compared with the fixed mount type solar 
panel system  tilted 15 degree to the south direction. 
Thereby, the usefulness of this mechanism has been 
proved.  

3.2  Diverse-crops  

bare ground hydroponics system 

The low cost bare ground type hydroponics equip-
ment which is the second feature of this system is 
shown in Fig. 5. The gutter-like hydroponics shelf 
(W8.5*D1.8*H1.5m, two steps of upper and lower 
sides) was installed in the direction of north and 
south under the above-mentioned solar panel using 
the low cost single pipe. First, a culture medium, ma-
nure, the prevention agent of illness and an insect 
damage, a seed, or a seedling are put into the slit pot 
made from a plastic for crops (Fig. 6). Next, the tray 
made from styrene foam 80 cm in length which made 
the hole for pots is loaded with this. Furthermore, the 
tray which set the seedling is inserted in a gutter from 
the upper stream side of a hydroponics shelf, and a 
seedling transplant is completed. A small amount of 
groundwater is supplied to each gutter of a hydropon-
ics shelf through a branch valve course and each flex-
ible tube. Through the gutter which leaned slightly 
and was installed towards the south (lower stream) 
side from the north (upper stream) side, this water 
flows and is discharged. When the root of the seed-
ling spreading from the pot absorbs the water which 
flows through this gutter, it also absorbs the manure 
ingredient in a pot. The special maintenance man-
agement under cultivation is unnecessary. Water tem-
perature and the environmental temperature-and-



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Hydroponics solar sharing experiment 
equipment with a sunlight automatic tracking 
mechanism 

 

 

 

 

 

 

 

 

Figure 6:  A plastic slit pot and a seedling 

 

 

 

 

 

 

Figure 7: A temperature-and-relative-humidity 
sensor with a small communication function 

relative-humidity data of crops are always automati-
cally acquired by a small sensor (Fig. 7). Moreover, 
the situation of crops is photoed with a television 
camera and can always be supervised from a remote 
place via the Internet. The time which can be harvest-
ed is also judged from this picture. Contrary to the 
time of a seedling transplant, the harvest method is 
turning the tray of each shelf to the lower stream side, 
and pushing it out from the upper stream side, and it 
can perform it easily efficiently. The cultivation ex-
periment using this equipment was conducted in May 
and July, 2016. The kind of vegetables is three sorts, 
Stem Lettuce, Boston Lettuce, and Red Leaf Lettuce. 
It was about three weeks during the cultivation of a 
seedling. It was about two weeks during the cultiva-
tion after a seedling transplant. As a result, it was five 
weeks during the period from sowing to harvest. The 
environmental condition in a cultivation period (July 
1st to 11th, 9:30-15:00, fine or cloudy weather) was 
as follows. Temperature: 26-40 ℃, water tempera-
ture:23-32 ℃, humidity:28 to 78%RH, the illumina-
tion 8 - 111 klx (the lower stage tends to serve as low 
illumination from the upper stage). The quality of the 
harvested vegetables was high and its yield was also 
enough as shown in Fig. 8. From the result of this ex-
periment, by the bare ground hydroponics of this sys-
tem, it was not based on the existence of the upside 
solar panel, but sufficient quality and yield were ob-
tained. Although temperature, humidity, and illumina-
tion were considerably changed according to a solar 
position and weather, water temperature was within 
the limits of 28±5 ℃. 

4. Discussion 
4.1 Examination of an experimental result 

From the experimental result of 3, the following 
things can be said about the maximization of a  pho-
tovoltaics and an agricultural income, and energy 
saving which are the first purpose of this research. 

 

 

 

 

 

 

 

Figure 8: Hydroponics vegetables  

(Boston lettuce, Red-leaf lettuce ) 

  



First, the low cost sunlight automatic tracking mech-
anism for SS systems was developed, and the in-
crease in 11.4% of production of electricity was ac-
quired from the result of the power generation exper-
iment of the effect for one year. Since disinvestment 
is possible for the cost of equipment and labor costs 
which the addition of the sunlight tracking mecha-
nism took in this experiment within three years, it can 
be said that profitability is enough. Moreover, it was 
checked that crop yield quality and sufficient in a 
simple combination of bare ground hydroponics 
equipment and SS is obtained from this experimental 
result for a short period of time of five weeks. The 
maintenance management during a cultivation period 
is hardly needed, and also the work load at the time 
of a seedling transplant and harvest was also reduced. 
The maximum hydroponics possible number for one 
year cannot be judged only from this experimental 
result. However, since it is thought that hydroponics 
is possible from April to December, it is presumed 
that at least four to five cultivation (if large 6 to 8 
times) is possible. Furthermore, although the day of 
the strong rainstorm was during this experimental pe-
riod, equipment and vegetables do not almost have 
damage and it has checked that stable production was 
also possible. From the above result, it is judged that 
the first purpose of this research has been achieved 
mostly. 

4.2  Basic Concept of OZEPf 

Based on the above examination result, the possibility 
of OZEPf which is the second purpose of this re

search is examined. The basic concept of OZEPf is 
realizing the open system plant factory of the amount 
of energy injections real zero with the combination of 
an original bare ground hydroponics system and solar 
energy power generation system with low cost sun-
light automatic tracking. It realizes stable production 
of high-value-added vegetables low cost, low work 
load, and a short cycle.  

The reason they are realizable in this open system 
plant factory can consider the following. 

1) An expensive building and air conditioner are 
unnecessary. 

2) The injection of energy required for warming 
and cooling of supply water, ventilation and fill 
light is substantially made to zero by combining 
photovoltaics, EcoCute and batteries. Since a 
work man day can be reduced, a running cost can 
also be reduced. 

3) Above 2) can be feedback controled by various 
sensors with a communication function. 

4) By a low cost sunlight automatic tracking mech-
anism, at least 11% of increase in a production of 
electricity can be expected. 

5) By control of the remote surveillance and a sun-
light panel angle via wireless communications, 
equipment and crops can be protected from a 
rainstorm or snowfall. 

6) The flexibility of location is raised by private 
supply of electric power and water. 

Table 1 : Comparison of a former type plant factory and ZEPf 

Items
Artificial
light type

Sunlight
type

OZEPf Realization means　for OZEPf

1 Consumption energy 〇 ◐ ● Photovoltaics, Battery, EcoCute

2 Labor costs ◐ 〇 ● Automatic control by an environmental sensor

3 Equipment depreciation cost 〇 ◐ ◐ Building needlessness

4 Land cost 〇 ● ● Inexpensive land rent and tax of farmland

5 Total cost 〇 ◐ ● Above 1 - 4

6 Short cycle and diverse crops ● ◐ ● Fill light, Ventilation, stable temperature water

7 Quality stability ● ● ●
Roof effect by solar panel. Controlled temperature, relative humidity and
light by sensors. Mosquito net

8 Know-how ● ◐ ● Technical knowledge needlessness by automation.

●：Good,  ◐：Nomal,  〇：Poor 	



7) By use of groundwater whose temperature is sta-
ble, a cultivation period can be expanded and 
quality can be stabilized. 

8) Cultivation area can be increased by forming a 
hydroponics shelf into many stages. 

9) The cultivation abandonment farmland where 
land rent and a tax are low can be used. 

4.3  Comparison of Former Type Plant 
Factory and OZEPf 

The advantages and disadvantages of two kinds of 
former type plant factories (a perfect artificial light 
type and a sunlight type) [10] [11] were summarized 
to Table1 based on the basic concept of OZEPf de-
scribed in 4.2. As this table shows, perfect artificial 
light type plant factory has large energy consumed, 
and the cost of both equipment and land are high. On 
the other hand, in the case of a sunlight type plant 
factory, technical knowledge is required for manage-
ment, and the labor cost is high. Moreover, since it is 
necessary to supply energy from the outside and also 
and the cost of equipment is comparatively high, total 
cost is quite high. Furthermore, when growing on the 
ground, there is a problem of soil being exhausted in 
diverse crops. On the other hand, although OZEPf 
has many development elements, the amount of ener-
gy injections and special know-how are unnecessary, 
and labor costs are small. And the cost of equipment, 

its depreciation expenses, and land cost of OZEPf are 
inexpensive, diverse crops are possible, and the quali-
ty and stabilized production is possible. Therefore, 
OZEPf has many merits compared with other two 
systems. Fig. 9 shows the cost of a perfect artificial 
light type plant factory and OZEPf according to a 
factor. Fig. 9 also shows that the energy cost of 
OZEPf is zero substantially. In addition, equipment 
depreciation expenses are low. Therefore, the low 
cost advantage of OZEPf is clear. 

4.4  Concrete Concept and Technical Sub-
ject of OZEPf 

Based on this experimental result, the concept figure 
of OZEPf including development technology is 
shown in Fig. 10. OZEPf is a system which makes 
realizable the agriculture by bare ground hydroponics 
with high productivity also in an area without an 
electric power supply. The feature on the specifica-
tion is as follows.   

1) Detect water temperature → adjust by EcoCute.      

2) Detect environmental moisture  

→ adjust by fans. 

3) Detect illumination → adjust fill light of LED. 

4) Detect an angle  

→ tracking of sunlight and measure of weather.  

  Figure 9: Comparison of Cost between Artificial liht Type and OZEPf Target 
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27%

	



In order to realize such specifications, each sensor of 
the temperature, humidity, illumination, wind veloci-
ty, and tilt  with a communication function which also 
used this experiment, and a sunlight automatic track-
ing mechanism are required. In addition, batteries, 
EcoCute, small fans, LEDs, and a  remote control 
unit for sunlight tracking mechanisms are needed. 
Batteries are for shifting electric power to time zones 
when photovoltaics is not avairable, such as rainy 
weather or at night. Lithium-ion battery with high en-
ergy density is suitable. Moreover, in order to change 
groundwater into warm water or cold water and to 
store it, the energy efficiency of EcoCute which con-
sists of heat pump and an insulated tank is high. Five 
sorts of sensors with a communication function are 
used for the feedback control to environmental tem-
perature, water temperature and humidity, illumina-
tion, and the weather, respectively. Water temperature 

is set as the optimal temperature by controlling sup-
ply water temperature by EcoCute. Environmental 
temperature is also considered to be indirectly con-
trollable by controlling water temperature. LED is 
used for an illumination insufficient measure as fill 
light. Solar panels are horizontally operated by re-
mote control at the time of a strong wind, and they 
reduce resistance. Solar panels are perpendicularly 
operated by remote control in case of snowfall, and 
they ease the snow coverage to panels' top. To snow 
coverage or raindrops, it is necessary to consider op-
timization of the layout of a hydroponics shelf and 
solar panels. The increase in a bigger agricultural in-
come than the increase in the equipment depreciation 
expenses by these functional additions is expected. 
Therefore, the verification requires the further exper-
iment and highly precise cost trial calculation. 

  

Figure 10:  Concept figure of OZEPf 



5. Conclusion 
Our first purpose was to increase the income in a 
farmhouse and to make a labor burden ease. The real-
ization method was the combination of photovoltaics 
and agriculture. Then, we created original hydropon-
ics SS equipment and experimented using it. As a re-
sult, the increase in the 11.4% amount of photovolta-
ics per year was acquired by development of 1 axis of 
low cost sunlight automatic tracking mechanism. 

Moreover, we developed the original hydroponics 
equipment installed under the solar panel, and 
showed that the stable production of the quality vege-
tables could be carried out using it. Furthermore, we 
showed that quality vegetables were producible by 
little labor load stably using it. This original hydro-
ponics system does not need special technical 
knowledge.  

Based on the above result, we proposed the basic 
concept and structure of OZEPf and clarified the sub-
ject. The main features of OZEPf are the automatic 
measurement and feedback control by the small sen-
sors with communication function of water tempera-
ture, environmental temperature and relative humidi-
ty, illumination, and a panel angle. In addition, a 
measure is possible also for a strong wind or snow 
coverage by remote control functional addition in a 
sunlight tracking mechanism. The former type plant 
factory was compared with OZEPf, and predominan-
cy of OZEPf was clarified. A future subject is creat-
ing OZEPf and proving the predominancy. 
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