IMMC 2023 Problem D (Greater China, Winter) (English &Kk g8

Reducing cost of energy consumption through heat and cold storage

Background

Changes in energy consumption patterns are the key to moving towards an era of sustainable

energy.

Power systems need to maintain an instantaneous balance between generator output and load. As
shown in Figure 1, the magnitude of the load varies greatly at different times.

Figure 1 The power load curve of a certain province in one day
(The abscissa is time; every quarter of an hour is a period; 3:00-6:00 is underestimated load; 10:00-
12:00 am is morning peak; 16:00-20:00 pm is evening peak.)

It can be seen from Figure 1 that the relationship between power supply and demand is different,
which also leads to large differences in the price of power at different times. The Table 1 below shows

the time-of-use electricity price in another province.

Table 1 Time-of-use electricity price list in a province (Chinese version only)
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The cost to the power system during the peak period of electricity consumption may be several times
that of the off-peak period. It can be seen from Table 1 that for commercial units (such as office
buildings, hotels, and shopping malls), the peak electricity price is about three times that of the low
valley electricity price. Therefore, shifting electrical loads from peak hours to off-peak hours can
have huge economic and social benefits, even if it requires more power consumption.

Air conditioning is an important load in the power system, accounting for about 50% of electricity
consumption in most metropolises during summer. Moreover, the air-conditioning load is almost
synchronized with the peak load of the power system, that is, when the air-conditioning load reaches
its peak, the power load of the whole society also reaches its peak. It can be said that the peak of
electricity consumption in the whole society is largely caused by the peak of air conditioning. To deal
with the air-conditioning peak, there are two extremely important tasks in the power sector - Dealing
the peak in summer and Dealing the peak in winter.

Then, can the air conditioning load be moved from peak hours to low hours? Residents said: "No,
no! I don't want to turn on the air conditioner from 0:00 to 5:00, and turn off them during the hot
day!". The manager of the mall said: "If [ don't turn on the air conditioner when I am open from 9:00
am to 9:00 pm, my customers will run away from the heat. At night, the power load is low and the
electricity price is low. What's the point of turning on the air conditioner at that time?”

Tasks

Is there any way to make the air conditioner turn on at night when the load is low and the electricity
price is low, and then output air-conditioning during peak hours? The answer is "Yes! - Ice storage
air conditioner.” The principle of the ice storage air conditioner is: to make ice when the electricity
price is low, and store the ice in an insulated container; when cooling is needed, the ice absorbs
heat and releases cold air, such as blowing the ice with a blower to release cold air. Energy storage
can eliminate the mismatch of energy supply and demand in time and space. Ice storage is
essentially energy storage, which stores cold (heat energy).

1. Please investigate the time-of-use electricity price policy of the shopping mall in your city.

2. Please investigate the business area of a shopping mall, the power and cost of conventional
air conditioners required; the estimated daily air conditioner power consumption and
electricity costs in summer.

3. Please investigate a type of ice storage air conditioner, its price, power and efficiency. Try
to compare how much more electricity will be consumed and how much less electricity bill
will be generated by using this ice storage air conditioner instead of the conventional air
conditioner in question 2.

4. On the basis of the above research, please establish a mathematical model for replacing
conventional air conditioners with ice storage air conditioners, and estimate the benefits of
energy storage, energy saving and cost savings in the shopping malls you have
investigated, and how many years the increased investment in ice storage air conditioner
replacement can be paid back?



Submission

Your team's solution paper should include a 1-page Summary Sheet and a short scientific essay on
ice storage air conditioners. The body cannot exceed 20 pages for a maximum of 23 pages with the
Summary Sheet and essay inclusive. The appendices and references should appear at the end of the
paper and do not count towards the 23 pages limit.
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