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Abstract

District heating and cooling (DHC) often has large
thermal storage tank, can be expected as a demand
response resource. Using a highly reproducible simulation
model created to verify the performance for an actual
plant, we examined the feasibility and potential
estimation of actual plant in the Japanese DR market,
which has just begun. It was shown that DR could be
realized even in an actual plant by deciding on the usage
rate forecast for the next day announced by the electric
power company and performing preparatory operation
from the morning.

Key Innovations

e Constructed a highly reproducible simulation
model that can calculate the equipment behavior
and piping pressure.

e Determined a simple control method for the
model using the published power usage rate of
the grid, instead of finding a more precise
optimal solution with a complex algorithm.

Practical Implications

This simulation can examine the appropriate operation
method in an actual DHC plant from the maximum power
usage rate forecasted by the electric power company in a
DR system, which has just been initiated in Japan. In
addition, it is possible to respond to future changes in the
DR system.

Introduction

With the recent increase in power generation from
renewable energy, "demand response (DR),” which
regulates the electric power demand on the supply and
consumer side, has been attracting increased attention.
The Japanese DR market has just begun and has
institutionalized with the use of storage batteries that can
be easily and quickly controlled, in mind. A large-scale
thermal storage system is often used for district heating
and cooling (DHC), has potential as DR resource in the
form of HVAC systems within buildings that is always
used. Since the DR is commanded immediately prior to
its initiation, it is necessary to secure the thermal storage
guantity at the start of the DR for optimal implementation.
However, compatibility with high-efficiency operation at
normal times is also necessary as, in Japan, DR is only
commanded for some days of the year. In this study, via
the simulation, we aimed to investigate the control and
operating methods for achieving both a high-efficiency

operation during normal operation and the maximum
amount of DR. The DHC plant has often expanded with
the development of the area, with added sub-plants. When
a DHC plant has multiple sub-plants with performance
differences, heat interchange between sub-plants can be
one method of increasing the energy efficiency of the
overall plant. However, when the heat interchange is
bidirectional, it becomes a complex system and is difficult
to control. Regarding heat interchange between the DHC
sub-plants, the transport power of the pump — and the
influence of its behavior on the system — increase due to
the increase in heat conveying distance. Therefore, it is
necessary to calculate the power considering the pump
head and to grasp the pressure state in the pipe. To realize
the high-efficiency operation of the entire plant, it is
necessary to analyze the behavior, including control of the
heat source machines, conveying equipment (e.g., pumps
and valves), and pressure distribution in the pipe.
However, | don't know of any commercial simulation
program that can perform such calculations. We
constructed a simulation model with high reproducibility
that can calculate the behavior of each heat source
component and piece of conveying equipment, as well as
the condition of pressure, flow rate, and temperature in
each pipe, and the temperature conditions inside the
thermal storage tank. And we examined the operation
method using this simulation model and were able to
operate with high efficiency in the actual plant. In Japan,
the DR market has just been instated and there are some
reports on demonstration tests and heating demand. In this
study, we use this simulation to clarify which operation is
more efficient from the customer's perspective in the
actual plant, by approaching the actual DR regulation. In
this paper, we report on the DR-compatible operation
method and its effect when the electricity supply and
demand are limited during the summer.

Status of the Japanese electricity market

Unlike Europe, electric power systems in Japan do not
interconnect with other countries. In addition, there are 10
power supply grids in Japan; a separate electric power
company existed for each grid. The electric power
companies monopolized the electricity supply and
operated in the public interest, with an emphasis on the
supply stability of each grid via the total cost method.
However, the Japanese electricity market has changed
from a monopolized electric power supply and
liberalization has progressed in the last few years, with the
complete liberalization of retail in 2016 and the legal
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separation of dispatched electricity in 2020. Figure 1
shows the Japanese electric power system. Although there
are interconnecting lines between each grid, it is difficult
to interconnect on a large scale — as has been achieved
in Europe — as the capacity of the interconnection line is
smaller than the amount of power in each grid and the
frequencies differ between east and west.
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Figure 1 Japanese electric power system

In principle, electricity charges in Japan are based on the
price list and unit prices are set in advance for
summer/other seasons, daytime/night-time, etc. Although
its introduction is being discussed in the future, dynamic
pricing, which fluctuates depending on the electric power
supply and demand situation, is not currently adopted
generally. There are two types of DR: dynamic pricing
type, which guides the load to a time zone with a low cost
of electricity by altering the price of electricity; and
incentive type, which gives an incentive by moving the
load from a time zone when the power supply is limited.
Since Japan does not utilize dynamic pricing, an incentive
type is adopted and aggregators bundle consumers and
contract with electric power companies, as shown in
Figure 2. In 2017, the Nega-watt trading market was
launched and aggregators started trading with area electric
power companies. The Capacity market was created in
2020, allowing aggregators to bring DR to the market and
trade with electric power companies, including new
entrants. In the current Japanese electricity market, the
amount of DR that reduces the demand on consumers is
traded when the supply and demand are limited. There is
a DR that increases the load on consumers when the
amount of power generated by renewable energy becomes
larger than the demand to use more electricity from
renewable energy. However, the system is currently under
consideration in Japan as the ratio of electricity from
renewable energy is still low in the grids containing
Tokyo and Osaka etc., respectively.
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Figure 2 DR trading system in Japan

The current system stipulates the following: the power
transmission and distribution business operator in the area
decides to activate DR; the annual activation days are up
to 12; the time from the announcement to the start of DR
is 3 h; the time of DR implementation is 3 h. If the
announcement is made for 13 days or more, there is no
obligation to comply. In the Kansai area, where the target
plant is located, the actual number of days when DR was
announced was two days in the summer of 2018 and no
days in the summers of 2019 and 2020. There is a margin
in the supply capacity of electric power companies that
have traditionally supplied electricity to the region as it
has just been liberalized; the number of days when DR is
issued is still small but, when the power system reform
progresses and the old power plant is abolished for
economic reasons, the number of days that DR will be
activated is expected to increase.

Methods
Target system

The target system is a renewable energy utilization plant
that uses river water as a heat source. It comprises an east
plant, which started operation in 2012, and a west plant,
which started operation in the spring of 2017. Figure 3
shows a map of the area. Both plants are adjacent to each
other across the road, the building in the east area has a
total floor space of approximately 146,000 m?
(application: office, commercial facilities, hall), and the
building in the west area has a total floor space of
approximately 151,000 m2 (use: office, commercial
facilities, museum, hotel). Both plants need to be
connected by piping according to the heat supply business
law. These pipes allow chilled and hot water to be
exchanged between them. Table 1 lists the equipment
specifications and Figure 4 shows the system diagram of
the chilled water and hot water system. Both plants have
two types of heat source machines: primary heat source
(R-01, R-02, R-03, R-04, RA-01, RA-02, RA-03, and RA-
04) connected to thermal storage tanks; and secondary
heat source (R-05, R-06, RA-05) which supply chilled
water directly to the consumers. Although the
performance of the heat source equipment of both plants
has a difference of 5 years at the time of completion, there
is no significant difference. The heat source machines are
controlled to supply heat from the thermal storage tanks
during the day (07:00 — 22:00) and store heat in the tanks
during the night (22:00 — 07:00). The amount of
stored/released heat required to complete thermal
storage/release from/to a certain time is calculated (the
required heat is recalculated every 30 min). The amount
of heat shared by the heat source machine is calculated by
adding / subtracting the amount of heat required for heat
storage / release from the customer's heat load; from this,
the number of machines that the heat source machine can
operate at the rated point is calculated. Thus, the partial
load is treated with the thermal storage and release from
the thermal storage tank and the heat source machine is
operated at almost the rated point for highly efficient
operation. The logic is shown below:

Proceedings of the 17th IBPSA Conference
Bruges, Belgium, Sept. 1-3, 2021

3029
https://doi.org/10.26868/25222708.2021.30342



INTERNATIONAL

Figure. 4 System diagram
Table .1 Equipment Specifications

Performance of the West Plant equipment

No Name Performance Rating COP |[Number

Cooling 2750 kW 5.10!

R-A01, R-A02 24 2
0L, R-AG Heat pump Heating 2800 KW 513
Cooling 850 kwy| Cooling 4.77

R-A03, R-A04 Hff‘ recovery Heating 4.37| 2
eat pump Heating 1100 KW| Recov. 7.74

R-A05 Turbo refrigerator Cooling 3200 kW 588 1

R-HEXAL Hea.t exchanger Exchange. 1956 kW _ 1

(River water) heat quantity

HEX-A01, Heat exchanger Exchange .

HEX-A02 (For small load) heat quantity 1600 kw 2
HEX-A03,HEX- Exchange _
A04,HEX-A05 Heat exchanger heat quantity 3200 kw 3

apacity 3 —
CT-AL Heat storage tank m Capacity 1050 m 1
(Chilled water) eat storage | 1o378 kwh|  —
amount
CHT-A2 Heat storage tank ”C’:ﬂp‘ﬂcnry 650 m? — 1
(Chilled / Hot water) | 112 S1OT88¢ | gaog jyn| - —
amount
N - 3 —
CHT-A3 Heat storage tank a (fipimt}] 2000 m 1
(Chilled / Hot water) | " S1Or38¢ | 19767 wh -
amount
Performance of the East Plant equipment
No Name Performance Rating COP |[Number
Cooling 1760 kW 5.0
RAOL R02 Heat pump Heating 2000 KW 0
R-03 Heat recovery Cooling 340 KW Recov. 1
heat pump Heating 450 kwW 7.97
R-04 Inv. Turbo refrigerator Cooling 1410 kW 5.23 1
R-05,R-06 Turbo refrigerator Cooling 3200 kW 57 2
HEX-01, Heat exchanger Exchange
1 kw - 2

HEX-02 (For small load) heat quantity 600

HEX-03, Exchange _

HEX-04 Heat exchanger heat quantity 3200 kW 2

CcT1 Heat storage tank m (,a;pa\tclty 684 m? — 1
(Chilled water) cat SLorage | - 6363 kwh -
amount
apacity 9 —
CHT-2 Heat storage tank m Cipdlut} 1020 m 1
(Chilled / Hot water) | 2" S1Or38¢ | g4gg kwh -
amount
CHT-3 Heat storage tank m Capacity 696 m? — 1
(Chilled / Hot water) | %2 SLOFa8e | ga74 jyp|
amount
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Qr=(Sn-Se)/(Te-Tn) €))
Qr : Amount of heat that can be dissipated [MJ/h]
Chilled water Sn : Residual thermal storage in the thermal storage tank [MJ]
- Se : Target residual thermal storage amount when heat
=== =River water dissipation is completed [MJ]
(Fstine) Te : Heat dissipation completion time [h]
Tn : Current time [h]
Q1 =Qn-Q2r-Qr @)
Q1 : Required amount of heat for primary heat source
= machine [MJ/h]
Figure 3. Map of the area Qn : Current load heat [MJ/h]
West plant Heatinterchange Fast plant Q2r : Total rated capacity of the secondary heat source unit
r S TR comoesoenmnd |- during operation [MJ/h]
i & 4 : - If the number of heat source equipment increases
Aol L [l ] Q1-Q1r > Qistart ®
HHE — 3 T | ==l Q1r : Total rated capaci i i i
HEE 3 v HHE - : pacity of primary heat source unit during
HHF Iy f’vﬁ? L ==l | 419 operation [MJ/h]
—— I L—- o b ———] Qlstart : Load heat amount at start-up of the target heat
Tt it rr source machine to be started [MJ/h]
Outlet If the number of heat source equipment decreases
I Expansion tank : 2 Q1 - Q1r - Qlstop-r = Qlstop (4)
' @ Inv. pump u U
™ Q1stop-r : Rated load heat of the heat source machine to be
[Cam J[lomad[wn | "R conmotvane |_as|[loms ][ oms stopped [MJ/h]
B i Hotwater Q1stop : Load heat amount at stop of heat source machine to

be stopped [MJ/h]

As a result of these operations, the primary energy
conversion of the system COP in FY2019 reached 1.51
(the secondary energy conversion reached 4.09), making
it the most efficient DHC plant in Japan.

Simulation model

Figure 5 shows the flow of the simulation model used in
this study. The simulation model was created using a
Fortran 90/95. The calculation step of the simulation is 1
min; after reading the specifications of each device and
the Pl parameters, and setting the number control of the
devices, the river water temperature and the heat load of
both plants are input for each calculation step and the
required heat processing amount of each plant is
calculated depending upon the situation that turns on/off
the heat interchange control. Next, after calculating the
number of operating machines, pump rotation speed, and
valve opening of each device by unit control or Pl control,
a convergence calculation is performed so that the flow
rate and pressure of the piping system are balanced. This
allows the control state of each transport device to be
reproduced and the pump power to be calculated, in
consideration of the pressure distribution. At this time, if
the secondary systems of both plants are connected via
heat interchange, the calculation is performed so that the
flow rate and pressure are balanced in both plants as a
whole. Subsequently, the temperature state of the
secondary system, heat load treatment, power
consumption, COP of the secondary heat source machine,
quantity of heat exchanged via the heat exchanger, and
outlet temperature are also calculated; the heat exchanger
calculation results are passed to the primary system. Then,
the temperature state of the primary system, the power
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consumption and COP of the thermal storage system heat
source machine, and the temperature state in the thermal
storage tank are calculated. After calculating the
temperature state and drainage temperature of the river
water, the power consumption of the whole plant and the
system COP were calculated and output.

Figure 6 shows the simulation results for the monthly
COP of each plant during independent operations and the
actual monthly COP values of the East Plant, and Figure
7 shows the simulation results and actual monthly COP of
each heat source machine in the East Plant in 2015. A
comparison of the simulation results for the East plant
with the actual results showed good agreement. The slight
difference in results was attributed to the decline in the
efficiency of R-04 in the summer of 2015 by equipment
trouble. R-3 had equipment trouble so the efficiency is
also lower than in the simulation, but the effect on the
whole plant was small because the capacity was small.

Calculate each plant

Tnputinitial conditon and

equipment specifications

Read input data (heat load, Calculate power
river water temperature) consumption of pumps
T T
Contral the interchange Calculate each plant
of heat

* | Calaslate water temperature at nlet | §
i | and outlet of cach heat exchanger |

water temperature of each
themal storage tank

that time and changes daily depending on the
maintenance status of the power plant and for reasons
of economic rationality. It is said that the DR is likely
to be activated when the power usage rate is expected
to exceed 95 %.

It is possible to predict the amount of power
consumption depending on the weather forecast.
However, it is difficult for a third party to create a
prediction algorithm as the supply capacity depends on
the maintenance status of the power plant. Figure 8
shows the relationship between the expected
temperature and usage rate forecast for July to
September 2018 and 2019 but there is no correlation.
Electric power companies in the area estimate the
maximum amount of electricity consumption based on
the weather forecast, the characteristics of the day of
the week, and the latest actual electricity consumption.
The forecast of maximum power consumption, supply
capacity, and usage rate are announced at 18:30 the day
before and at 9:30 on the day.

100
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Figure 7. Simulation results of heat source machine
Power usage rate

The power usage rate is an important factor of DR
issuance and is defined by the power consumption
(KW)/supply capacity (kW) at that time. The power
consumption fluctuates depending on the amount of
electricity used by consumers and varies depending on
the weather (solar radiation, temperature, humidity,
etc.), day of the week, and the presence/absence of
social events. The supply capacity is the total output of
the power generation equipment that can be operated at

Figure 8. Expected maximum temperature and

maximum usage rate

The plant has a thermal storage tank, which stores heat
from 22:00 to 8:00 the day before and starts the heat
dissipation operation at 8:00. To effectively respond to
DR in the afternoon, it is necessary to take measures such
as not using the heat of the thermal storage tank as much
as possible from 8:00 of the heat dissipation start time.
Therefore, on the next day's usage rate, announced at
18:30 the day before by the electric power company, we
decided to consider an operation method corresponding to
the next day's DR.

Study of the operating method

There are two types of electricity charges: a basic charge
based on the annual maximum demand of electricity for
every 30 min and a metered charge based on the amount
of electricity used. For the standard menus, the basic
charge is 17,559 yen/y for each 1 kW and the metered
charge is 9.44 yen/kWh at night (22:00 to 8:00), 11.74
yen/kWh during daytime (8:00 to 22:00), and 17.44
yen/kWh at peak time (July to September from 10:00 to
17:00). There are two types of DR incentives: the DR
amount (kW) that was reduced and the DR-kWh amount
(kwWh), based on reduced power consumption during the
DR issuance period. The baseline for reduction is during
normal operation and we will discuss the contract. These
DR image is shown in Figure 9. The Capacity market
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started in 2020 and the contract price of the DR amount
was 14,137 yen/kW -y. If we conclude a contract to
conduct DR, we will obtain an incentive for that DR
amount. However, this contract price is stuck at the upper
limit and a review is under consideration; it is said that it
could be 9000 yen/kW -y or 4000 yen/kW -y in the future
but this is uncertain. For foreign countries, e.g., the
contract price for the United Kingdom is 1,000 — 3,000
yen/kW -y, 3,000 — 7,000 yen/kW -y for the United
States (PJM), and 1,000 — 2,000 yen/kW -y for France.
The DR-kWh amount unit price is set to be that in the
market 1 h in the past. As shown in Figure 10, the peak
contract price in the summer of 2018 — 2019 was
approximately 30 to 75 yen/kWh. (Electricity charges
from electric power companies to consumers are
predetermined unit prices but purchase unit prices are
variable.)

DR
Announcement DR implementation tir}
Y 3 hour 3 hour

m

Total area of yellow:DR kWh amount

Power reduction amount

DR amount

30min X6 pieces

Figure 9. image of DR
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Figure 10. Contract price on the market before hours

During normal operation, the number of heat source
machines to be rated is controlled to start thermal storage
at 22:00 and ensure that the thermal storage tank is almost
entirely thermal storage by 8:00 the next morning. The
objective is to start heat dissipation from the thermal
storage tank at 8:00 and use up almost all of the heat in
the thermal storage tank by 22:00. The control is
performed in an actual plant and hence the target value of
the thermal storage amount by time and whether or not the
heat source machine can be operated by time are set as
parameters that can be easily changed from the outside
during actual operation. In addition, because the plant is a
heat supply plant, it is assumed that the amount of heat
supplied will not change, even if DR is performed, so as
not to deteriorate the indoor environment of consumers.
At the time of DR implementation, the load is covered by
the amount of heat radiated from the thermal storage tank,
and the operation of the heat source machine is reduced.
To maximize the DR amount, it is necessary to maximize
the amount of thermal storage remaining at the DR start
time and to minimize the power consumption of the heat
source machine, which operates by dissipating as much

heat as possible while DR is implemented. However, in
normal operation, the amount of thermal storage
decreases at the DR start time. Therefore, it is necessary
to perform the DR preparatory operation to reduce the
amount of heat dissipation from the thermal storage tank
by operating the heat source machine between 8:00 when
heat dissipation starts and the DR start time. Figure 11
shows an image of the operation. However, if it is
operated from the morning to maintain the quantity of
heat stored by the DR start time, the maximum demand
may occur. In addition, if the time of DR implementation
is from 15:00 to 18:00, the thermal storage tank is used up
to maximize the DR amount and, if the load is still heavy,
it may be necessary to operate many heat source machines
from 18:00; hence, the maximum demand may come out.
In addition, since the operation is restricted, energy
consumption may increase by performing DR. We will
find an appropriate operation method from the economic
efficiency and energy savings that come from the DR
amount and the amount of increase in demand.
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during DR announcement
As much thermal storage
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Figure 11. DR operation image using the thermal storage
tank

Case study

This study was conducted using data from the peak of
summer (July — September) in 2018 when the DR was
announced. Figure 12 shows the relationship between the
expected usage rate on the previous day and the actual
usage rate on the current day. DR was activated twice
(plotted in red), from 15:00 on July 17th and 15:00 on July
18th and the actual usage rate on those days was 95 % and
94 %, respectively. The electric power company in the
area announced that there is a high possibility that DR will
be issued when the usage rate exceeds 95 %. However, in
this case study, we will increase the number of DR
issuance days, assume that DR will be implemented on
days when the actual usage rate exceeds 93 %, and assume
that it will be announced on July 26th. The DR
implementation time is assumed to be from 15:00 to 18:00,
which is the same as the actual results.
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e
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Figure 12. Usage rate forecast and result
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For normal operation (baseline), the number of heat
source machines is controlled to start heat dissipation at
8:00 and almost complete heat dissipation by 22:00. In
this case, the amount of residual heat stored in the thermal
storage tank is approximately 50 % at 15:00, which is the
start time of DR. Therefore, the DR amount obtained by
stopping the heat source machine by intensively
dissipating heat from the thermal storage tank will
decrease. Case 0 (baseline) is a normal operation. Case 1,
where the target value of residual thermal storage at 15:00
is set to 100 % after being announced at 12:00, without
preparation operation from the morning. In cases 2 - 4, the
heat source machine is prepared operation in the morning,
with the target value of the residual thermal storage
amount at 15:00 as 100 %, 75 %, and 50 %. For Case 5,
the number of heat source machines is limited before
15:00 and 10 % of the heat in the thermal storage tank is
left at 18:00 to suppress the increase in contract power to
reduce the increase in maximum demand in addition to
Case 2.

Table 2. Thermal storage target value for each case
Time 8 12 15 18 22
Case0 | 100%| — — — 0%
Casel 100%|[(71.4%) 100%| — 0%
Case2 | 100%| — 100% 0% 0%
Case3 | 100%| — 75% 0% 0%
Cased | 100%| — 50% 0% 0%

Limit on the number of heat
Caseb | 100%| — 100%| 10% 0% ) .
source machines untill 15

Results

When DR announcement is known in advance

It is impossible but, as the most efficient operating case,
assuming that the DR issuance is known in advance, a
simulation was conducted for driving corresponding only
to the DR on the day of the DR issuance (7/17,18,26).
Figure 13 shows the calculation results of the power
consumption and heat source equipment operation status
of the east and west plants on July 17 in cases 0 — 2.
Compared to Case 0, the plant power consumption is
reduced between 15:00 and 18:00 when DR s
implemented in both cases 1 and 2, indicating that DR has
been achieved. However, power consumption increased
until 15:00, especially from 12:00 to 15:00 in Case 1. In
addition, there are times when power consumption
increased even after 18:00 at the east plant in Case 2.
Regarding the operating status of the heat source
equipment, it can be seen that the number of operating
units in cases 1 and 2 decreased between 15:00 and 18:00
when the DR was issued. Before 15:00 and after 18:00,
the number of operating units increased as power
consumption increased. In particular, it can be seen that
all of the heat source machines are in operation before
12:00 to 15:00 in Case 1 of the east plant and before 15:00
in cases 1 and 2 of the west plant. (R-3 of the east plant
only operates in winter). As a result, for Case 2, the DR
amount was 960 kW, the DR-kWh amount was 24,773
kWh, and the maximum demand increase was 494 kW.
Power consumption increased by 0.15 % in July when DR
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Figure 13. Power consumption and heat source machine operating status (Case 0 — 3)
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was conducted and by 0.06 % in the summer, from July
to September. Since the increase in maximum demand is
large, cases 3 — 5 were calculated to reduce it. The result
of Case 5 is shown in Figure 14. It can be seen that R-2
and RA-2 do not operate before 15:00. Therefore, the
power consumption while DR is issued is larger than that
of Case 2 and the amount of DR, i.e., the difference from
case 0, is small. Especially after 17:00 in the west plant,
the amount of DR will be almost zero because the heat
source machine will be additionally operated to cover the
load for almost all of the heat in the thermal storage tank.
The calculation results for each case are listed in Table 3.
For Case 1, without preparatory operation, the DR amount
was 620 kW and the maximum demand increase was 1031
KW. In Case 2, in which the DR preparatory operation was
performed, the DR amount increased to 960 kW, the
maximum demand increase amount decreased to 494 kW,
and the DR effect was enhanced by the preparatory
operation. In cases 3 — 5, the maximum power increase
was reduced but the DR amount was reduced, as the aim
was to reduce the maximum demand increase.

. Heat source machine power
Plant power consumption

consumption
(kW) P

(kW)

will increase by approximately 3.8 %. Since the standard
for DR issuance is 91.2 % when 3.8 % is subtracted from
95 %, Case 2-91% when preparatory work is performed
when the expected usage rate announced the day before is
91% or more. Case 2-92% and Case 2-90%, it was
variable by 1% up and down vary from Case 2-91%. Case
2-93% includes cases where the DR prediction is
incorrect; we considered each case. The number of days
for the preparatory operation was 6 for Case 2-93%, 12
for Case 2-92%, 14 for Case 2-91%, and 20 for Case 2-
90%. As for the preparatory operation pattern, if the DR
is expected to be announced, the operation is controlled
from 8:00 in the morning with the target of the thermal
storage amount of pattern A or pattern B. If the DR is not
expected to be announced, the thermal storage amount
will be controlled to follow the same pattern, C, as in Case
0. Since the latest DR start time was assumed to be 15:00,
if there was no announcement at 12:00, 3 h before that,
the operation will be controlled with the target of the
thermal storage amount of pattern B and, if it is
announced, the operation will be controlled with the target
of the thermal storage amount of pattern A.

Table 4. Cases where the announcement is predicted
from the usage rate

[

Ccase2

East

17

frevryrmwr L

West

Figure 14. Power consumption and heat source machine
operating status (Case 5)

Table 3. calculation results for each case

Maximum | Increase / decrease in Cost
DR-kWh i Increase /
DR amount power / power consumption
kw amount | increase KWh /% dicrg”:e
y
kwh kw Ju. |Jul-Sep. ven
59,058,641
Case0 - 27,804 3,809 1,271,527 | 3,334,082 (Uul.-Sep.)
(Absolute value) u.->ep.
Baseline
Casel 620 14,453 1,031 0.17% 0.07%| 8,494,447
Case2 960 12,386 494 0.15% 0.06%| -5,616,124
Case3 | (Difference) 704 11,845 212 0.16% 0.07%| -6,912,763
Cased 75 9,977 488 0.16% 0.05%| 6,937,127
Case5 182 6,302 -5 0.16% 0.05%| -3,018,662

DR amount reward: 14,137yen/kW, DR-kWh reward : 60yen/kWh, Electricity unit price : 12.7yen/kWh

Judgment of DR preparation according to the usage
forecast of the previous day

Since it is not known in advance whether or not DR will
be issued, we judged the implementation of DR
preparatory operation based on the usage rate forecast on
the previous day. Looking at the power supply situation
in this area, the supply capacity is approximately 31000
MW and the power output of the largest power plant is
1180 MW. In the unlikely event that a problem occurs in
the largest power plant during peak hours, the usage rate

Case 90%|Preparation: 90% or more usage rate on the next day, 20 days

Case 91%)|Preparation: 91% or more usage rate on the next day, 14 days

Case 92%|Preparation: 92% or more usage rate on the next day, 12 days

Case 93%|Preparation: 93% or more usage rate on the next day, 6 days

Time 8 12 15 18 22

Pattern A | 100%| 100%| 100% 0% 0%
Pattern B | 100%| 100%| — - 0%
Pattern C | 100%| — - - 0%

The calculation results for each case are listed in Table 5.
In the case of Case 2-90 to Case 2-92 %, in which all DR
issuances are included in the forecast, the DR amount,
DR-kWh amount, and maximum demand increase
amount are almost the same as in Case 2, in which the
preparatory operation is performed only on the day of DR
issuance. For Case 2-93%, the preparatory operation for
one day was not possible when the DR was issued; hence,
the result was close to Case 1 without the preparatory
operation. In either case, the power consumption slightly
increased compared to Case 0 but there was not a
significant difference.

Table 5. calculation results for each case
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i Cost
DR-kWh Maximum Increase / decrease in Increoassel
DR amount power i
amount | - power consumption decrease
kw increase by DR
kwh Kw Ju. |Jul-Sep. en
27,804 3800 | 1271527 | 3334082 | 0000
Case0(Absolute value) ! ! B R (Jul.-Sep.)
Baseline
Casel 620 14,453 1,031 0.17% 0.07%| 8,494,447
Case2 960 12,386 494 0.15% 0.06%| -5,616,124
Case2 90% ’ 960 12,378 494 0.17% 0.05%| -5,619,233
(Difference)
Case2 91% 960 12,378 494 0.14% 0.03%| -5,627,630
Case2 92% 960 12,362 494 0.15% 0.03%| -5,628,324
Case2 93% 620 13,034 1,011 0.17% 0.05%| 8,217,888
DR amount reward: 14,137yen/kW, DR-kWh reward : 60yen/kWh, Electricity unit price : 12.7yen/kWh
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Examination of economic efficiency

Figure 15 shows the relationship between the DR reward,
DR-kWh reward, and the increase/decrease in annual cost
for each case. In case 1, where the preparatory operation
for DR is not performed, and in case 4, the amount of
thermal storage at the start of DR is small and the cost will
increase regardless of the unit price. Hence, it can be seen
that it is necessary to perform a preparatory operation and
secure the amount of thermal storage at the start of DR. In
cases 2, 3, and 5, the ratio of the DR amount and the
maximum power increase amount is different and the
annual cost increase/decrease amount varies greatly
depending on the DR reward setting. In each case, the
difference in DR merit due to the difference in DR-kWh
reward is small and the unit price of the DR reward has a
great influence on economic efficiency. Therefore, it is
necessary to change the preparatory operation method
corresponding to the DR according to the unit price of the
DR reward. DR is a valuable system not only for electric
power companies but also for consumers because it is
possible to obtain incentives by simply changing the
amount of thermal storage and the setting of the heat
source.

20,000,000

Casel Case2

Case3 Cased
= Case5

DR amount reward
kW
(venyk )

15,000,000

10,000,000

5,000,000

0

5,000 10,000

Cost increase/decrease

-5,000,000
solid line:DR-kWh reward 40yen/kWh
-10,000,000 ' dotted line:DR-kWh reward 60yen/kWh

Figure 15 Increase/decrease in annual cost
Discussion

In summer, DR is often implemented at the peak of
electricity usage in the afternoon and is announced around
noon. To ensure that DR is beneficial to consumers, it is
necessary to anticipate the announcement of DR in
advance and perform a preparatory operation from the
morning. Thus, it is necessary to reliably predict the DR
implementation day by the start of heat dissipation in the
morning; however, the only information currently
available to electric power consumers is the usage rate the
day after announcement by the electric power company.
It is important to anticipate DR implementation with
reference to this rate. At present, the usage rate announced
by the electric power company is relatively accurate due
to many years of experience and the supply and demand
of DR power is rarely limited. Therefore, when predicting
to reliably include the DR implementation date by adding
a difference in usage rate — based on the assumption of a
sudden accident to the usage rate announced by the
electric power company — and the preparatory operation
according to the unit price setting is performed, the
increase in power consumption is small and there is no
practical problem, it will be possible to support DR even
in actual plants. In the medium to long term, the supply

structure is expected to change with the reform of the
electricity market and the algorithm of the usage rate
forecast by electric power companies is expected to
change accordingly. Consumers also need to pay close
attention to this and adjust the method of predicting DR
issuance.

Conclusion and implications

This study was conducted to examine the corresponding
DR for existing district heating and cooling plants. As a
result, it was found that it is possible to respond to DR by
simply changing the settings, such as the thermal storage
target. In addition, to obtain the economic benefits of DR,
appropriate preparatory operation for DR is necessary but
the amount of DR and the amount of increase in maximum
demand change depending on the method of preparatory
operation. Thus, it was found that the appropriate
preparatory operation method changes depending on the
unit price setting. Power consumption will increase
slightly by corresponding to the DR. The system has just
begun in Japan and the DR system may change in the
future; however, it was found that it is possible to consider
how to respond to the DR using this simulation.

Currently, a system has been instated in Japan whereby
DR, which reduces the load when the supply and demand
are limited, is implemented for 12 days of the year. In the
future, the introduction of solar power generation will
progress and the DR that creates a load for consumers to
consume electricity derived from renewable energy, DR
that reduces the load when used in the evening, and when
DR is conducted twice a day for load reduction and
creation, etc. Various forms can be considered. It is
necessary to consider what kind of operation is necessary
when these DR systems are decided. Furthermore, we
consider what incentives are needed to facilitate consumer
participation and proposal of institutional design.
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