
The second step in the analysis was to optimize the Northern
system assuming that the KLS system would be added to it in 1983*
In this optira. nation, the maximum size of unite to be added was
held at 600 MW through 1989 for system stability reasons and in-
creased to 800 MSI in 1990, Again, allowing the computer to choose
between gas turbines, oil-fired plants and nuclear plants, the
optimum solution called for the installation of one 600 MH nuclear
plant in 1982, one in 1984, 198? and 1988 and four additional in 1989
and 1990 respectively. The 800 MW unit was not called for until
1994 rather than in 1990 when it was first allowed. (Even though
not strictly pertinent to the Market Survey, the optimization was
carried out to the year 2000 to ensure that plants introduced during
the 1991-2000 period did not influence the optimum choice of alter-
natives during the 1981 -1990 period). In addition, necessary in-
formation was obtained on the lifetime plant factors experienced by
the nuclear plants introduced during the early 1980's. The second
decade optimization indicated a continued preference for nuclear
plants with the result that the system 'in the year 2000 consisted
of 60$ nuclear capacity, 28?° hydro and I2fo conventional thermal
plants and gas turbines* The levellized (i.e«, present worth
values) of the plant factor of the early nuclear units was found
to be about 65$.

Resulta for Singapore

A re-analysis of market for nuclear power in Singapore during
1981-1990 was carried out based on the so called "high1* load fore-
cast of the Market Survey, under the revised economic and technical
ground rules, and using the full dynamic programming (DP) optimization
option of WASP. In order to reduce computer time requirements the
horizon was set at the end of 1995, rather than 2000. During the
whole study period, 1977-1995, the DP was allowed free choice of 250 MKe
oil-fired plants and of blocks of four 50 MHe gas turbines. During
1981-1995 250 Me nuclear plants were also allowed to be chosen.
During 1985-1995 400 Me nuclear plants were added to the list of



candidates, and for 1990-1995 600 MWe nuclear plants were included
also. The 2^0 MWe plant size was chosen because it was in the
Public Utility Board expansion plan as the proposed size of units
for Senoko Station stage 2 expansion. Gas turbines were considered
as expansion candidates in blocks of four, rather than individually,
to reduce the number of expansion configuration to be simulated in
order to reduce computer time requirements. The 400 and 600 MWe
unit sizes were the largest standard siaes acceptable under the
frequency stability criterion in the first year they were permitted
as a choice.

Reference variable fossil fuel costs were taken to be 600 U
10 kcal for fuel oil and fl̂ O j£/10 kcal for gas turbine fuel. Nuclear
fuel variable costa and investment costs were based on Table 2,
The optimal expansion plan included n_o oil plants, five ?00 MWe
blocks of gas turbines (200 MWe each in 1978, ]$>80, 1993, 1994 and
1995), five 250 MWe nuclear plants during 1981-1984, six 400 MWe
nuclear plants during 1985-1989, and six 600 MWe nuclear plants
during 1990-1995* The year-by-year results for the planning decade
of 1981-1990 are shown in Table 5. The results in Table 5 represent
the optimal solution subject to the constraint that in a given year
only &s many units as necessary to meet the loss-of-load probability
criterion were permitted to be added. In the absence of this con-
straint the optimal solution called for the same total nuclear
additions but with two 250 MWe units added in 1981, the earliest
year permitted, and two 400 MWe units in 1985, the first year in
rfhich this size was permitted. This temporary "over-expansion"
is economically justified by the resulting savings in fossil fuel
lostsj however, it was felt that the constrained rate of introduction
vas more realistic.


