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ABSTRACT
In order to realize energy conse rvation in t he
building sector, distributed energy resource (DER)
with efficient use of waste heat a nd renewable
energies is expected to be widely introduced. In this
study, a planning, design and management tool for
DER system has
been presented. Using the
simulation tool, a case stu dy of hospital facilities
under different climate conditions from Southern
area to Northern area in Japan has been illustrated. In
addition, economic and environmental effects of
DER installation incl uding annual ene rgy cost
savings, fuel savings, and carbon emissions
reductions are quantified and compared throughout
the country.

INTRODUCTION
Distributed energy resources (DER) a re taking an
increasingly important role in current open energy
market. Comparing with th e conventional power
supply system, a DER system is a relatively complex
one which may u tilize a wid e range of energy
suppliers including combined heat and power (CHP)
plants and some renewable technologies, such as
photovoltaic (PV), wind turbine, and so on. Due to its
win–win–win advantages (to the customer, the utility
and the society, as a whole), both the developed and
developing countries are experiencing an increasing
contribution of DER to their electricity supply
(Hongbo and Weijun, 2010). According to pr evious
investigation, global installed DER equipment
capacity stood at around 282.3 GWe by the year
2005, which held an 8–9% capacity share of world’s
power market (WADE, 2006). The DER syste m has
been expected to spread to
increase the total
efficiency of energy supply and address increasingly
severe global environmental problems. However, as
the penetration increases, it will also pose challenges
for the decision makers to pl an a DER system as it
results in more complex system structure due to the
introduction of physical connections between
traditionally separate supply and demand sectors.
Actually, many factors are i nvolved in DER system
planning such as economic and environmental factors,
as well as technical cha
racteristics and l ocal

atmospheric conditions, which may determine energy
(thermal, especially) demands and available natural
energy resources (e.g. solar, wind, etc.). As is known
to all, Jap an is a coun try with long and narrow land
area stretching from the s ubtropical zones in the
south to the temperate zones in the north. There is a
large diversity in climates which determines the
necessary energy consumption, especially heating
and cooling loads. Therefore, it is critical to take into
consideration the climatic conditions while assessing
energy related issues at the local scale in Japan.
Based on above consideration, the aim of this work is
to present comparative assessment aiming at
determining the optimal DER options for
hypothetical buildings within different climate zones
in Japan. Firstly, a planning, design and maintenance
tool is developed to support the introduction and
optimization of DER syste m while taking into
consideration the climate conditions. Using the
developed simulation model, a case study of hospital
facilities under different climate conditions from
Southern area to Northern area in Japan has b een
illustrated. Economically optimal DER investment is
determined for each hospital facility within different
climate zones. In a
ddition, economic and
environmental effects of DER in stallation including
annual energy cost sa ving, fuel saving and carbon
emissions reduction, are quantified and compared
throughout the country.

MODELLING OF DER SYSTEM
The DER system analyzed in this study consists of
interconnected power generations, storages (both
electricity and heat) and
several energy carriers
including fossil fuels (coal, oil, natural gas, etc.),
industrial by-products and renewable (solar, biomass,
etc.). Various technologies, such as gas engine, fuel
cell, PV panels, wind t urbine, etc., have been
supposed for intermediate conversion of primary
energy. The choice a nd adoption of thes e
technologies depend on the objective of the planning
process: if greater importance is given to economic
performance, the cheapest options will be considered;
on the other hand, when the goal is to reduce
pollutant emissions, the environmentally friendly
technologies are preferred.
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Such integrated energy system can supply consumers
with different types of end-use services. For instance,
the electrical end-use including cooking, exhaust, and
lighting can be met either by electricity generated onsite or with electricity purchased from the utility grid.
The natural gas loads can be met either by purchasing
gas from the macro-grid or producing with CHP
technologies, where possible. Some loads, such as
the gas used for cooki ng, can only come from
purchasing from the macro-grid. Other heat loads,
including space and water heating can be met by
either. Similarly, cooling loads could be met in two
ways. Heat from DER technologies could be used to
power an absorption chiller system, which can meet a
portion of the cooling load. Any remaining cooling
load not met by CHP is sup plied with an electric
powered air conditioning system.
By integrating the various components in a
distributed energy system, Figure 1 shows the
general image of alternative DER systems. With the
predefined energy sources and
generation
technologies, a set of system alternatives can be
deduced, where each system alternative typically
consists of several physical components with
predefined connections to t he rest of t he energy
system. The s ame components can be included in
several competing system alternatives, making the
different alternatives mutually exclusive from an
economic point of view. It is obvious that selecting a
suitable system fro m the numerous alternatives will
be an enormous work, which is usually solved with
the help of mathematical model (Weijun and Hongbo,
2011).

DESCRIPTION OF THE SIMULATION
MODEL
In previous research ( Marnay,2001), Distributed
Energy Resources Customer Adoption Model (DERCAM) developed by Lawrence Berkeley National
Laboratory in U.S.A has been discussed. However, it
is necessary t o consider the diffe rence in clim ate
condition and p rice structure between Japan and
U.S.A. Therefore, we adopt an optimal model to
Japanese environment for conducting an integrated
assessment of DER.
Objective function
As shown in Figure 2, in order to introduce DER
system in an effective way, it is necessary to take into
full consideration of local conditions, energy
requirements, as well as
technical a nd financial
information.
While developing the optimization model, the
following hypotheses are determined:
(1) The benefits of DER system is as sessed based
only on the reducing of annual energy cost.

UG: Utility grid DH: District heating FC: Fuel cell AB:
Absorption chiller PV: Photovoltaic
Figure 1 Image of DER system
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Figure 2 Flowchart of the simulation model
(2) Residual electricity out of the DER system ca n
be totally sold back to the grid. The constraint on
electricity buy-back is not considered. When
demand exceeds supply, it is admitted to
purchase more power from the utility grid.
(3) Price and function of equipment are ass umed
according to what manufactory offers. Moreover,
setting and other cost are not considered in the
basic investment.
(4) At the same status of technique, the difference of
capacity is not to be considered in the economy.
Based on above consideration, the objective function
of current simulation model is d etermined based on
minimizing annul total energy system cost while
satisfying the electrical and t hermal demands, as
shown in Eq. (1).
(1)
Min C Total  C Elec  C Gas  C Inv  C OM  C Sal
where, CTotal is total annual cost, C Elec is the cost for
electricity purchase, C Gas is the cost for n atural gas
purchase, C Inv is annualized inve stment cost, C OM is
the operation and management cost, and C Sal is the
revenue from on-site electricity sales.
Main constraints
A key constraint is that each hour’s energy demand
must be met in one of three ways: purchase of energy
from utilities, operation of a technology or set of
technologies selected by the model, or a combination

- 1587 -

Proceedings of Building Simulation 2011:
12th Conference of International Building Performance Simulation Association, Sydney, 14-16 November.

of these options. The energy balance is described as
Eq. (2).
Cload m , d , h ,u   Egen i , m , d , h ,u  Pelec m , d , h ,u   u  Pgas m , d , h ,u

Demand side
requirements

Market information

(Electric, Thermal load)

(Electricity and heat
efficiencies, etc. )

Change the parameter and re-calculate

i

  ( i ,u  Rheat i , m , d , h ,u )

Technical information

(Energy prices, interest
rate, etc.)

m, d , h, u

i

(2)
where, Cload is customer load, Egen is DER power
generation for on-site use, Pelec is the amount of
electricity purchase, Pgas is the consumption of city
gas, Rheat is recovered heat from DER equipments,
m , d , h , u are indexes of month, day, hour and enduse, respectively.  and  are efficiencies of direct
natural gas use and recovered heat, respectively.
Another key performance constraint is that each
installed DER technology must be o perated below
the maximum operating capacity of the units, as
illustrated in Eq. (3).

 Egen

i , m , d , h ,u

 Esal i , m , d , h  Ninv i  DER max p i

Type and capacity of DER
technologies (Variables)

Recovered heat +
Boiler generation
≧Heat load

Total cost
1

u

i, m, d , h

i

u

u  {electricity}

NO

Total cost
2

Total cost
3

···

Total cost N
（N＝1,2,3 ···∞）

Minimal value of total cost
Economic
performance

Energetic
performance

Environmental
performance

Figure 3 Calculation process of the simulation model
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(3)
where, Ninv it the numer of DER equipments, and
DER max p is the rated capacity of DER
technologies.
In addition, additional constriant should be included
to prohibit the purchase and sell o f electricty at th e
same time, as whown in Eq. (4).

Running schedules of
equipments (Variables)

Electricity

Cooling

Heating

Hot water

75

50

25

(4)
Solution methods
In this study, the simulation model is programmed as
one coherent system of equations using the
mathematical modelling language LINGO. As shown
in Figure 3, modelling the overall system
performance with a series of equations has
advantages in conjunction with recycled streams
because there is no need to determine a calculation
order. Moreover, additional system components can
be easily in tegrated into the m odel by connecting
them with the upstream and downstream components.
In this way, the op timization model will b e flexible
in modifying input data to perform sensitivity
analysis and easy to in teract with m ost windowdriven software for a c ontinuous flow of data input,
processing, display and analyses.

NUMERICAL STUDY
In this study, the hospital facility with high energy
intensity and large energy consumption in the night,
is selected as the research object for analysis. In
order to account for the effect of climate conditions,
hospital facilities with a fl oor area of 50,000 m2
located in 7 regions (Hokkaido, Northeast, Hokuriku,

0
Hokkaido Northeast Hokuriku

Kanto

Kinki

Kyushu

Okinawa

Figure 4 Comparison of annual energy load
Table 1
Heating and cooling coefficients of various regions
Peak thermal
Annual thermal
load
load
Cooling Heating Cooling Heating
Hokkaido
0.8
1.5
0.5
2.4
Northeast
0.9
1.3
0.7
1.4
Hokuriku
1.1
0.9
1.0
Kanto
1.1
1.0
1.0
Kinki
Kyushu
1.2
0.7
Okinawa
1.1
0.5
1.5
0.1
Region

Kanto, Kinki, Kyushu and Okinawa) with different
latitude and climate conditions in Japan have been
assumed. As mentioned above, it is necessary to take
into full consideration of local conditions, energy
requirements, as well as
technical a nd financial
information while designing a DER system. In t he
following, various data are illustrated in a d etailed
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way. In addition, in order to ex ecute a com parative
study, a co nventional system wh ich satisfies h eating
and cooling loads with boiler and ab sorption chiller,
respectively, has been assumed.
Energy demands
Detailed knowledge about energy end-use loads is
important for the selecting of appropriate DER
system as well as the assess ment of ec onomic and
environmental performances. Generally, energy
consumption in buildings can be obtained by
simulation with some building energy simulation
software, for example, SMASH, ESPAR/M, HASP,
and so on. In addition, in Japan, it is possible to
assess the unit load per square meter of electricity,
cooling, heating and hot water for various building
types in different periods (Kashiwagi, 2002).
Especially, peak value and ann ual total value of
thermal loads for various buildings have been
deduced based on a large number of investigations.
However, it is i mpossible to collect all data in every
city around the country. In Japan, by using the

climate data in twelve cities, the heating and cooling
coefficients for each region have been calculated, as
shown in Table 1.
In this study, by using the energy consumption unit,
annual energy consumption in selected seven regions
have been calculated and compared, as s hown in
Figure 4. Among all the regions, Hokkaido has the
largest annual total energy consumption with a value
of about 92.6 GW. It is mainly due to its cold winter
which needs large heating load. On the contrary,
Okinawa enjoys the lowest energy consumption,
which is about 7 3.8 GW. Generally, annual energy
consumption illustrates a reduced tread from northern
Japan to the southern region, expect for the Northeast
region.
Market information
According to the plan and design process described
above, market information including electricity and
gas prices is n ecessary for th e determination of
optimal system components. In this study, a t ime of

Table 2
Optimal results for various regions
Annual cost
Region

Capacity

Equipments

Million
Yen

kW

Hokkaido

Northeast

Hokuriku

Kanto

Kinki

Kyushu

Okinawa

Base

0

DER

1380

Base

0

DER

1380

Base

0

DER

1380

Base

0

DER

1340

Base

0

DER

1340

Base

0

DER

1380

Base

0

DER

1360

Investment Utility grid

BOW-80;
CHPMT--C-60 ×
10;
CHPGA-K-215;
CHPMT--C-60 × 8;
CHPGA-K-215 × 2;
CHPGA-K-500;
CHPMT--C-60 × 8;
CHPGA-K-215 × 2;
CHPGA-K-500;
BOW-80;
CHPMT--C-60 × 6;
CHPGA-K-215 ×
2;
BOW-80;
CHPMT--C-60 × 6;
CHPGA-K-215 ×
2;
BOW-80;
CHPMT--C-60 × 5;
CHPGA-K-100;
CHPGA-K-215 ×
2;
BOW-80;
CHPMT--C-60 × 3;
CHPGA-K-215 ×
3;

0.00

Natural gas

Cost
CO2
Energy reduction
emissions
ratio
cost

DER Direct use
Million
Million Yen （Million （Million
Yen
Yen）
Yen）
129.36
0.00
107.70 237.06

%

t

-

2548.31

26.80

16.14

111.82

77.04

205.01

15.63

2052.19

0.00

141.35

0.00

77.03

218.39

-

2422.34

27.01

15.22

112.03

56.25

183.50

19.01

1864.40

0.00

153.09

0.00

77.03

230.12

-

2561.88

27.01

15.22

112.00

62.90

190.13

21.04

1921.82

0.00

164.83

0.00

64.77

229.60

-

2595.21

25.82

16.02

109.08

60.65

185.75

23.61

1887.09

0.00

164.83

0.00

61.70

226.53

-

2568.65

25.82

16.06

108.89

57.76

182.71

23.98

1861.83

0.00

170.72

0.00

55.57

226.28

-

2585.32

26.65

14.76

109.97

55.95

180.68

25.24

1844.25

0.00

188.57

0.00

37.17

225.74

-

2635.32

26.06

15.44

106.20

53.33

174.97

29.01

1805.71
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Technical information
The first step wh ile planning a DER system is to
select the optimal combination of distributed
generators from various alternatives. Besides the
technical features, some other information, for
example, cost information may also affect the final
decision-making. According to previous research and
investigation from the manufactures, various
information including capital cost, maintenance costs
(fixed and variable), life time periods, fuel type and
efficiencies (electricity and heat), etc. are determined.

On the other hand, from the viewpoint of average
energy price, as shown in Figure 6, Okinawa enjoys
the largest reduction ratio with a value of about
39.7%, which is ab out 19% larger than that of
Hokkaido. In add ition, looking into the figure,
average energy price of the DER systems in all seven
regions are similar with marginal fluctuation.

Energy cost (Million Yen/Year)

use tariff structure for commercial b uildings is
employed for DER systems. As t o the gas price, a
total energy system contract with some discount is
available for the introduction of DER system.

0

RESULTS AND DISCUSSIONS

0
Hokkaido Northeast Hokuriku Kanto

Economic analysis
From the view point of economic performance,
compared with the c onventional system, the
introduction of DER system in all ex amined regions
leads to reasonable reduction of an nual total syste m
cost, as shown in Figure 5. Especially, Okinawa has
the largest cost red uction ratio, which is as high as
29% because of the larger cooling load. On the
contrary, Hokkaido has the lowest reduction ratio,
which is about 15.6%. Generally, it can be found that
the southern region has a larger cost reduction ratio
than the northern region. The reason m ay be due to
the characteristics of cooling/heating load through
the year. In Hokkaido with a cold weather, there is
less cooling load in summer, CHP system cannot
make use of heat energy in summer.

Kyushu Okinawa

Figure 5 Comparison of annual energy cost
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Figure 6 Comparison of average energy price
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Figure 7 Cooling load based on natural gas
16
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Optimal results
Table 2 shows the simulation results of bo th
conventional system and DER system for hospital
facilities located in various regions by executing the
analytical model. The total installed capacities for all
seven regions from north to south are 1.38 MW, 1.38
MW, 1.38 MW, 1.34 MW, 1.34 MW, 1.38 MW and
1.36 MW, respectively. Generally, the difference of
total installed DER cap acities in various regions is
marginal. However, system components may be
different even for th e same total capacities. For
example, both Hokkaido and Kyushu introduce 1.38
GW DER systems: a B OW-80 equipment, ten
CHPMT-C-60 equipments, a CHPGA-K-215
equipment and a C HPGA-K-500 equipment are
introduced in Hokkaido; while a BOW-80 equipment,
five CHPMT-C-60 equipments, a CHPGA-K-100
equipment, two CHPGA-K-215 equipments and a
CHPGA-K-500 equipment are introduced in Kyushu.

Kinki
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Figure 8 Components of annual thermal demands
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4000

CO2 emissions
Figure 9 illustrates annual CO2 emissions in various
regions. According to the figure, Okinawa enjoys the
largest emissions reduction ratio (31.5%), while
Hokkaido has the lowest one (19.5%). As to the
absolute value of an nual total CO2 emissions of the
DER systems, Hokkaido has relatively larger total
emissions than other six regions.

CONCLUSION
In order to reduce increasing energy consumption in
building sectors, DER system is expected to play
more and more important role in Japan. In this study,
the feasible DER systems for the hospital facilities
have been examined for seven regions (Hokkaido,
Northeast, Hokuriku, Kanto, Kinki, Kyushu and
Okinawa) with different climate conditions in Japan.
Simulations of the DER systems taking into
consideration local ch aracteristics using an
optimization model have been conducted. According
to the simulation results, along with the variation of
latitude, economic, energetic and environm ental
performances of the DER systems also illustrate
gradual change. The Okinawa region with the lowest
latitude is recog nized to be the most suitable region
to introduce the DER system.
In the following studies, besides the hospital facility,
other building (e.g., hotel, office, etc.) wil l also be

40
DER system

Reduction ratio

3000

30

2000

20

1000

10

0

Reduction ratio (%)

Conventional system
CO2 emissions (t/Year)

Load components
Figure 7 s hows annual cooling demands in various
regions. As i s expected, Hokkaido has the lowest
value which is about 2.2 GWh, and Okinawa has the
largest one which is about 6.9 GWh.
On the other hand, Figure 8 shows the components of
heating and hot water loads. According to the figure,
there exists great differe nce of t he heating load
supplied by natural gas in various regions. About
48% of the heating load is satisfied by back-up boiler
in Hokkaido, while this value is only about 4% i n
Okinawa. As to the total heating demands including
space heating and hot water loads, Hokkaido has the
largest value and Okinawa has the lowest one, which
are 15.0 GWh and 5.1 GWh, respectively. In addition,
total thermal demand (both heating and cooling) in
Hokkaido is about 5.2 GWh larger than Okinawa.

0
Hokkaido Northeast Hokuriku Kanto

Kinki

Kyushu Okinawa

Figure 9 Components of annual CO2 emissions
analyzed for the optimal DER system adoption by
using the developed simulation model. In addition,
some economic and policy condition, such as carbon
tax, will be included in the analysis.
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