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A Preliminary Study on Potential for VLS-PV on the World Desert

1. Introduction

In these years, the world economic growth and population
increase need more big energy, especialy in developing
countries. If world energy demands continue to increase, the
primary energy source will dry up in the next century. In
addition, this serious business causes global warming, acid
rain and so on. These serious problems have to be resolved by
using some way. Somebody thinking about answer of these
problems may show the way of using nuclear power.
Certainly, the nuclear power may resolve the problem of
drying up. However, it has dtill problems which are
radioactive pollution, and difficulties of getting place for its
plant. On the other hand, renewable energies are expected to
resolve these problems which mean drying up, global
warming and acid rain. Solar energy is one of promising
renewable energy. Although the solar energy is of low density
by nature, it has a large potential assuming that world deserts
can be utilized. Therefore the authors have been dealing with
avery large photovoltaic power generation (VLS-PV) system
on desert on a very large scae. Even the Gobi desert that
locates on high latitude has more irradiation (4.4kWh/m?d)
than Tokyo (3.5kWh/m%d). Theoretically, PV systems
installed on the Gobi desert with 50% space factor, has
potential to generate energy as much as the recent world
energy supply (361EJin 1997). The purpose of this study isto
design a VLS-PV System on the Gobi desert and to evaluate
its potential from economic and environmental viewpoints.
Additionally, the authors explain a reason of resolving many
global problems by solar energy.

2. Methodology of Evaluation

A methodology of “Life-Cycle Anadysis (LCA)” has been
employed in this study to evaluate the potential of VLS-PV
system in detail. The LCA is a major tool to evauate
environmental impact of product throughout their life-cycle.
The requirement of energy and materials is estimated for
life-cycle of designed VLS-PV. It is manufacture and
transportation of system components, system construction,
and operation. Then three indices, i.e., Energy Payback Time
(EPT), life-cycle CO, emission rate and generation cost are
calculated. They are defined by following equations.
Generation Cost (cent/kWh)

_ Annual expenceof the PV system[cent/year]

B Annual power generation [kWh/year]

EPT (Year)

_ Total primary energy requirement throughout itslifecycle[kWh]
Annual power generation [kWh/year]

Masakazu Ito (M1)

throughout its life-cycle by its own energy production.

CO, Emission rate(g - C/kwWh)

_ Total CO, emissiononlife-cycle(g-C)
Annual power generation[kKWh/year]” Lifetime[year]

CO, emission rate is a useful index to know how much the
PV system is effective for the global warming.

In Gobi desert case, the VLS-PV system is estimated indices
which are Cost, EPT and CO, emission rate. This estimation
shows particulars about the feasibility of very large scale
photovoltaic system from economic and environment view
points. The world desert case study is estimated about
€conomic view point.

3. Major assumptions

As described above, it is considered in this study that a
100MW VLS-PV system isinstalled on the world desert. The
VLSPV system is designed based on the following
assumptions:
(1) The authors evaluate two kinds of studies. One is detailed
study on the Gobi desert. The 100 MW VLS-PV system is
estimated indices which are Cost, EPT and CO, emission rate.
This estimation shows particulars about the feasibility of
VLS-PV system from economic and environment view points.
Another is rough study on the world desert to compare many
cases from economic view point.
(2) 6 world deserts which are Sahara, Negev, Thar, Sonora,
Great Sandy and Gobi desert are assumed for installing
100MW VLS-PV system. This system is South-faced fixed
flat array structure.
(3) Irradiation and ambient temperature data used for system
design are gathered and calculated as shown in Table 1. The
VLS-PV system is to be installed in a gravel desert, which
consist of small rocks and covers haf of Gobi desert. Sand
problem is seems to be small.
(4) Polycrystalline silicon PV module with 12.8% efficiency
isemployed.
(5) System performance ratio is assumed as 78% considering
operating temperature, degradation, load matching factor,
efficiency factor, inverter officiating and so on. Thelifetimeis
30 years.
(6) Module and inverter price, and array tilt angle are given as
valuable parameters. Interest rate is 3% (typical), 2% (rent
from World Bank), and 6% (from ordinary financial
ingtitution). This paper is only based on 3% interest rate;
(7) Array support and foundation are produced in actual place,
and other system components such as modules, cables and
inverters are manufactured in Japan, USA or Austraia. All the
components are transported to some installation site on the

Table 1 Important indices for the installation sites

Unit Sahara Negev Thar Sonora Great Sandy Gobi

Annual average ambient temperature | [°C] 30.2 18.9 26.9 18.4 26.1 5.8
Marine transport (0] O O - - (0]

System performance ratio 0.69 0.73 0.73 0.70 0.70 0.78

Annual average global irradiation kWh/m?yr. 2685 1945 2172 1737 2343 1701

Annua in-planeirradiation  [109] kWh/m?lyr. 2756 2062 2106 2314 2431 1854

[209 kWh/m?lyr. 2774 2128 2175 2394 2464 1964

[307] KWh/m2lyr. 2716 2139 2190 2420 2435 2026

[409 KWh/m?yr, 2556 2099 2143 2387 2347 2037

EPT means years to recover primary energy consumption

19

deserts by marine and land transport, if necessary. Land



preparation is also considered.

(8) The method of operation and maintenance are calculated
in view of experience of real PV system model, PV-USA
project .

(9) Three shifts of three operator team work in 100MW PV
station. One team works in maintenance, and the other teams
operate for alternation.

(10) Tota annual cost is defined by following equations: (1)
Total annual cost consisting of annua depreciation cost,
annual operation and maintenance cost, annua land rent and
annual overhead expense; (2) Annual depreciation cost
consisting of annual investment cost, annual land cost and
annual property tax. (3) Annual investment cost given by total
capital investment. Multiplied by annual expense rate.
(Annual land rent is no charge thistime.)

(11) Decommission stage is not included in this study stage
now.

Based on the assumptions described above, the VLS-PV
system on the world deserts is designed in detail. Designing
procedures divided into severa steps, PV module layout,
array support design, foundation design, and wiring. Three
kind of the PV module layout are prepared: (1) wide model,
(2) moderate model, (3) tall model. The wide model is the
best performance model by comparing these layouts. This
study calculated with wide model.

3. Evaluation result

The 100MW VLS-PV system on the world desert is designed
on the ground of the presented assumptions. This system
requires about 2 km? land area. The amount of array support
and foundation increase in proportion to the tilt angle because
of assumed wind pressure (42m/s). Array support requires the
9 thousand to 11 thousand ton steel, and foundation needs 90
thousand to 200 thousand ton concrete. Land requirement also
increase in proportion to the tilt angles due to spacing
between PV arrays. The increase in land requirement results
in the increase in cable length.

The evaluation result of detailed study on the Gobi desert
shows the Fig.1 and Fig.2. The former shows the result of
Energy Payback Time (EPT) and breakdown of total primary
energy requirement. It suggests that 20°-tilt angle system
gives the best EPT. It isless than 2 years, that is, the VLS-PV
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system can produce net power after 2-year operation.

The latter show the result of CO, emission rate and
breakdown of CO, emission. It suggests that the best system
configuration is again 20°tilt angle. CO, emission rate is
12g-C/kWh, which is much less than average CO, emission
them power utilitiesin all of the country.

When tilt angle is 20°, EPT and CO, emission have the
minimum values. This is because the increase of tilt angle
requires thick array support and large foundation. These need
large energy in manufacturing steel or concrete. On 10°-tilt
angle, EPT and CO2 emission is larger than other tilt angle
systems because of low system output energy.

The Fig.3 is result of study on the world desert. This figure
suggests that the generation cost decrease in proportion to the
irradiation. The reason of higher generation cost in the Great
sandy desert is high labor cost in Australia which is same
economic level as Japan. On the other hand, the lowest
generation cost is 5.5 ¢/kWh on Sahara desert in which it is
high irradiation and low labor cost. The generation cost of the
100MW VLS-PV system for different tilt angles and different
PV module prices are assumed 30 years lifetime and 3% of
annual interest rate. The generation cost with 4 USH/W
module price is 15 ¢/kWh to 20 ¢/kWh. When the module
price is reduced to 1 US$/W, the generation cost is 5 ¢/kWh
to 9 ¢/kWh.

Sonora
Gobi Negev Thar  Great sandy Sahara
200
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Fig3. Generation cost as function of annual irradiation

4. Conclusion

A 100MW VLS-PV system installed on the world desert is
designed and its potential is evaluated from economic point.
In addition, the potential of Gobi desert case study is
estimated from environmental viewpoints by using a
methodology of LCA. Both EPT and life-cycle CO2 emission
rate suggest that large-scale introduction of PV technology on
the Gobi desert is quite promising for energy resource saving
and the global environmental issues. Furthermore, assuming 1
US$/W of PV module price and 3% of annua interest rate,
generation cost of the VLS-PV system is estimated 5.5 ¢/kWh
on Sahara desert.

Fig.3 suggest that the VLS-PV system is economically for
al the sites if the module price reduces to 1 USHW. When
module price is 4 US$/W, it is till difficult to install it from
economic point. However, these large scale projects make a
lot of employments. One of case study needs 1500 labors in
every year to construct it. This business may look forward
economic development in the area. This important factor
should be included in this study.

The authors have a plan to design and evaluate the VLS-PV
system installed on deserts with other advanced technologies
such as CdS, amorphous, concentrating/tracking system by
applying the same approach used in this study. Some other
additional plan may be considered such as regional utilization
of generated electricity. One of possible candidates may be on
irrigation system. This simulation aso does not include a
decommission stage at the moment. It is aso essentia
components, and it will be included in the near future.
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