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Technical Report

Possible Hurdles Foreseen by a Large-scale Introduction of Renewable Energies
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This article discusses possible hurdles foreseen by a large-scale introduction of intermittent renewable
energies (described as “RE” hereafter) from wind and photo-voltaic (the latter “PV” hereafter) powers. The
analysis was carried out using actual recent load, wind and PV data of 15 min resolutions of Kyushu Electric
Power Co. The results indicate the following three conclusions: (1) the surplus energy and grid power would
become large once the proportion of the annually produced energy by RE would become above 40 % of the total
annual electric load, (2) CO, emission from back-up systems due to thermal power stations burning fossil fuels
did not go down much even by a large amount of RE introduction, and (3) in order to ameliorate this situation
and for RE to be implemented of its full potential, an increase of the present pumped storage capacity of Kyushu
Electric Power Co. by more than a few tens of times is necessary.
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Table 1 Installed capacity of Kyushu Electric Power Co.
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Fig. 1 Load data (a), wind data (b) and PV data (c) used for
the analysis (April - March) for the case of Kyushu
Electric Power Co. The curve for each figure is a
polynomial fit to the data providing a guide to eyes
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Table 2 Annually produced electric energies of load, wind
and PV, their maximum and minimum powers, and
utility factors (uf), full load hours (flh) and capacity
factors (cf) for wind and PV for the case of Kyushu
Electric Power Co.

GW Load Wind PV
Hydro 3.58 Produced energy (TWh) 95.2 0.58 0.004
Thermal (coal, oil and gas) 10.68 Maximum power (MW) 1769 256 27
Nuclear 5.26 Minimum power (MW) 6.98 0 0
Intern. combustion 040 Uf 0.79 0.91
Wind 0.325 flh (h) 1,788 1,288
PV 0.003 cf 0.20 0.15
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Fig. 2 Duration curves showing mismatch of wind powers
(thickdotted and chain lines) against RL (thin- dotted
line) for the case of Kyushu Electric Power Co.
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Fig. 3 Curves showing back-up electric energy (ordinate)
against PV energy (abscissa) with parameters of total
RE energies, all normalized by the reduced load for
Germany(20). The plotted points for the case of RE/
red. load=100 % indicate the calculated results for
Kyushu Electric Power Co.
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Fig. 4 Annually produced electric energy from RE, directly
used RE energy, surplus energy and back-up energy
(left scale) and maximum grid power (right scale),
shown against the RE energy normalized by the annual
RL, for the case of optimally mixed wind and PV of
Kyushu Electric Power Co.
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Fig. 5 The specific CO, emission factor ne (kgCO2/
kWh) plotted against the annual electric RE energy
normalized by the annual RL for the case of the
optimal mix of wind and PV. The solid line is based on
the CO2 production according to the present mix of
fossil fuel with the fuel ratio and efficiencies as shown
in Table 3 and the dashed line is for the case of all
fossil fuels using LNG gas, both for Kyushu Electric
Power Co. The plotted symbols represent the present
situations for Kyushu Electric Power Co (solid circle),
Germany (DE), France (FR), Denmark (DK), Sweden
(SE), Switzerland (CH), and Norway (NO)

Table 3 Produced electric energies and efficiencies of coal-,
oil- and natural gas-burning thermal power stations
for Kyushu Electric Power Co in the year 2010

Produced energy (TWh) Efficiency (%)
Coal 256 40
Oil 6.8 38
Natural gas 18.1 43
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Electric Power Co is assumed to be supplied by 100
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