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Integrated Assessment Model for Urban Energy Network System 

Takeshi Ishida1 and Shunsuke Mori2  

Abstract 

We have constructed a model to evaluate a distributed energy supply network system in an urban district and have 
evaluated an actual urban district in Utsunomiya, a mid-size city in Japan. This model enables us to deduce an en-
ergy-saving plan through energy exchange between residential and commercial buildings in the district. We con-
ducted a case study in the actual urban district and examined the possibility of energy saving and CO2 reduction. 
From GIS data, we calculated the floor space and building space. Then using the model, we then estimated the en-
ergy load of each building and calculated the total energy load of the urban district. We evaluated the potential CO2 
reduction as well we energy savings under the following three cases: case 1—installing a cogeneration system (CGS) 
in each building, case 2—installing a CGS in each building and an energy exchange network connecting the build-
ings, and case 3—the installation of a CGS and an energy exchange network with the minimum purchase of electric-
ity to the district. The evaluated results indicated the installation capacity and operating conditions of the network 
system, considering the surplus electric power of photovoltaic systems and CGSs. Further, for case 2, the energy 
consumption to be reduced by approximately 2% comparing with case 1. 

1. Introduction 
Generally, renewable energy resources are unstable and affect electricity grids when fully linked. As a so-
lution to this problem, a distributed energy supply network system, that is, a network system that transfers 
electricity and heat between dispersion generators and renewable energy resources to supply stable energy 
to an urban district is required. We have constructed a model to evaluate a distributed energy supply net-
work system in an urban district. This model aims at optimizing the possibility of energy saving and en-
ergy exchange between commercial and residential buildings in a district. Furthermore, we applied the 
model to an urban district, Utsunomiya, which is a typical mid-size city in Japan.  

Recently, the CO2 emission of commercial sectors of Japan is rapidly increasing, and thus, it is necessa-
ry to introduce various countermeasures for the reduction of CO2 emission, as per the Kyoto Protocol. The 
energy consumption by air conditioning systems occupies a large fraction of the energy demands of com-
mercial and residential buildings. However, many types of air conditioning systems such as an absorption 
refrigerator with cogeneration system (CGS) and heat pump (HP) system have been implemented. In addi-
tion, new technologies such as fuel cells and distributed energy network systems have also been develo-
ped. 

Particularly in recent years, studies that aim at balancing energy saving and maintaining the electricity 
quality via the networking of distributed energy have been conducted in various organizations. Some such 
studies that have been conducted in Japan are as follows: “Micro-grid(1),” “SMART,” “Neighborhood as-
sociation cogeneration(2),” “FRIENDS,” and “Demand place network.”  

On the other hand, certain challenges associated with the distributed energy supply network system are 
as follows: (1) elucidation of a combination of new energy resources that is necessary for the stabilization 
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of electricity power supply, (2) developing energy saving methods, and (3) attaining an optimum balance 
between demand-side constitutions. 

The model developed in this research is a combination of several models: an estimation model of ener-
gy demands of buildings, assessment model of energy systems (evaluation model of air conditioning sys-
tems), optimization model of energy networks, and aggregated energy consumption model of commercial 
buildings. This integrated model can calculate the CO2 emission of commercial buildings in various Japa-
nese cities. Figure 1 illustrates an outline of the integrated model. As a case study region, we selected the 
Utsunomiya city since it is a typical Japanese mid-size city in Japan. In this study region, the introduction 
of gas engine cogeneration systems (CGSs) to commercial buildings and the introduction of photovoltaic 
(PV) systems to residential buildings were evaluated.  

The evaluations were conducted under the following three conditions: case 1—the installation of a 
standalone CGS, case 2—the installation of a CGS and an energy exchange network, and case 3—the in-
stallation of a CGS and an energy exchange network with the minimum sale of electricity to the district. 
The model generates the optimal installation capacity and operating conditions of the distributed energy 
supply network system, considering the surplus electric power of the PV systems and CGS. Using GIS da-
ta, we examined suitable districts to introduce the energy network and estimated its effect on the entire ci-
ty. 

 

Fig. 1: Outline of the Integrated Model 

2. Estimation model  

2.1 District Model  
This model has been developed to assess the energy conservation and CO2 reduction potentials of a dis-
tributed energy supply network system, taking into account the possibility of energy exchange between the 
commercial and residential buildings in the district. Figure 2 illustrates an example of the GIS output at 
the central region of the Utsunomiya City, i.e., the study region. This study region is a typical Japanese 
mid-size city where residential and commercial buildings coexisting in certain places. Buildings of differ-
ent types using different colors, along with the statistical data of these buildings, have been illustrated in 
the figure.  
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Fig. 2: Case Study Region—Utsunomiya City: 
(1) Case study region: 125,700m2, (2) Data of buildings: Number of commercial buildings: 252 (Total 

Floor area: 158,863 m2),  Average number of floors: 2.7, Number of residential buildings: 109, 
(3) Percentage of floor space in 252 commercial buildings 

Office: 26.6%, Shop: 35.2%, Hospital: 4.4%, Hotel: 10.2%, School: 6.9%, Other: 4.9% 

Figure 3 presents an outline of the distributed energy supply network system. In this study region, the in-
troduction of gas engine cogeneration systems (CGSs) to commercial buildings and the introduction of PV 
systems to residential buildings were evaluated. 

Residential 
buildin (with PV) 

Residential building(No!-PV) 

Large scale 
building(with CGS) 

PV

Urban District 

PV 

CGS

CGS

Electricty
Network

Heat 
Network

Large scale 
building(with CGS) 

Small scale 
buildings(Non-CGS) 

PV 

 

Fig. 3: Distributed Energy Supply Network System 
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2.2 Estimation model of Energy Loads of Buildings 
In general, the energy consumption of commercial buildings depends on the building type and the regional 
weather conditions. However, the existing models have been constructed based on the energy load surveys 
of specific regions. Therefore, it is difficult to use those models to calculate the aggregate energy con-
sumption of buildings under different climatic conditions. 

We constructed a model to estimate the hourly energy demands and usage of commercial buildings 
under particular climatic conditions (Ishida et al. 2005). The energy loads are estimated based on eight 
factors such as heat transfer through the wall, solar radiation from the window, heat from human occu-
pants, etc. (Fig. 4). Therefore, this model enables us to estimate the aggregate energy load of the commer-
cial buildings in a particular region, taking into account the climatic conditions of that region as well as 
the building type. We calculated the energy load of the each building in the study region. We deduced the 
amount of energy consumption in the region by adding up the energy load of each building. 
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Fig. 4: Estimation Method of Energy Load of Building. 

Figure 5 indicates the estimation procedure of the energy consumption of the buildings in the study region. 
The estimation procedure is as follows: From the GIS data, we calculated the floor space and building 
area. By applying the estimation model of the energy load of buildings, we estimated the energy load by 
building type and calculated the total energy load of the district.  
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Fig. 5: Estimation Procedure of Energy Consumption 

2.2 Energy network optimization Model  
Our model can evaluate the optimum capacity and operating conditions of a CGS by with nonlinear mixed 
integer programming for formulating the partial load properties of heating equipments during a practical 
operation. This model aimed to make the optimization method to deduce the possibility of energy saving 
and the condition of distributed energies capacities. In figure 6, the energy system employed in a large-
scale commercial building was a gas engine CGS, and the comparison evaluated system assumed gas 
hot/cold service machines and a boiler. The energy system of small commercial building assumed a gas 
hot/cold service machine and a boiler. The energy system settings for each commercial building were as 
follows. 

! Electricity consumption of facility: 5% 
! Back up system: Gas hot/cold water service machine + boiler 
! System for comparison: Gas hot/cold water service machine + boiler 
! Maximum number of CGS units: 2 units/building 
! Efficiency : 

o CGS: 0.34 (100% load), 0.32 (75% load) , 0.30 (50%load), 0.28 (25%load) 
o Heat recovery efficiency: 0.40 (constant) 
o Gas hot/cold water service machine COP: 0.80 (Heating), 1.00 (Cooling) 
o Absorption refrigerator COP: 0.70 
o Boiler efficiency: 0.80 

! CO2 emission factor of power plants: 0.357 kgCO2/kWh (Average of all plants), 0.690 
kgCO2/kWh (Average of thermal power plants). 

The energy system employed in the residential buildings included a heatpump system, PV system, and 
boiler and its settings were as follows: 

! Efficiency 
o Heatpump COP (Heating): 5.0 (100% load)–4.5 (30% load) 
o Heatpump COP (Cooling): 5.0 (100% load)–4.5 (30% load) 
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o Boiler efficiency: 0.80 
o PV system: 3 kW/house (Efficiency 12%) 
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Fig. 6: Energy System Model of Commercial Building 

This model was developed to assess the energy conservation and CO2 reduction potentials taking into ac-
count the possibilities of energy transportation among buildings and houses of the district. We evaluated 
three cases under these conditions; case 1: installation of a standalone CGS and PV (Figure 7), case 2: in-
stallation of CGS and energy transportation network(Figure 8), and case3: installation of CGS and energy 
transportation network under the minimization of electricity sale from the district.  
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Fig. 7: Outline of Case 1 
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Fig. 8: Outline of Case 2 

2.3 Aggregated Energy Consumption Model for Commercial Buildings 
With regard to the CO2 emission reduction from commercial buildings, a method was developed for 
evaluating the multiple effects of CO2 reduction countermeasures. The model developed in this research 
combines building energy load model, air conditioning system evaluation model and building stock quan-
tity stochastic model. This model can calculate the CO2 emission of commercial building sector of various 
Japanese cities. Furthermore, we constructed a future expansion model for towns. It is assumed that build-
ings are updated at random, and then a projected figure of the city is drawn. 

Figure 9 illustrates a 3D view of the present city, and figure 10 illustrates an image of the city 30 years 
later. The future image of the city changes depending on various conditions. As a result of showing it here, 
it is the result of the condition that a building concentrates on. 

 

Fig. 9: Present 3-D view of the case study region 

Copyright © Shaker Verlag, Aachen 2008. ISBN: 978-3-8322-7313-2



 139

 

Fig. 10: Future 3-D view of the case study region  

3. Result 
The model developed in this research generated the optimal installation capacity and operating conditions 
of a distributed energy supply network, considering the surplus electric power of the PV systems and 
CGSs. Table 1 presents the primary energy consumption and CO2 emission for the case study region. For 
case 2, the energy consumption decreased by approximately 1.9% of that for case 1. For case 3, the energy 
consumption decreased by approximately 1.8% of that for case 1. From this result, we can conclude that 
there exists a solution that can help achieve energy saving while minimizing the sale of electricity to the 
district. 

Optimum capacity of co-generation systemPrimary energyCO2 emission Electricity
Case (kW) of the area of the area Sale

Building Group 1 Building Group 2 $Gcal/year#$)-CO2//year) (MWh)
Case 1 Non First Unit 249 327 108,113 18,797 5,464

Network Second Unit 896 474 [28,104]
Sum 1,145 801

Case 2 Energy First Unit 534 0 106,052 18,674 4,898
Network Second Unit 1,409 843 [26,846]

Sum 1,944 843 (-1.9)
Case 3 Energy First Unit 523 0 106,124 18,669 0

Network Second Unit 1,350 689 [26,917]
Minimize Electricity S Sum 1,872 689 (-1.8)

*Numerical value in the parenthesis[ ] used emission factor of the average of thermal power plant.  

Tab. 1: Primary Energy and CO2 Emission from the Case Study Region 
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Fig. 11: Reduction Rate of Primary Energy 

Figure 11 presents the calculation results when the number of houses was changed under identical condi-
tions. The energy-saving rate by the number of the house rises under the condition that it was permitted 
electricity sales to the electric power grid. However, when this sales are not permitted electricity sale, the 
energy saving rate was the maximum when the number of residential buildings was under approximately 
4000. It was elucidated that the surplus electricity of the PV systems due to energy exchange was mini-
mized when the number of residential buildings was under approximately 4000. 

With regard to the network of CGS building and PV houses, the optimization conditions for maximi-
zing the energy saving rate (primary energy reduction rate) are shown below.  

Using building GIS data, we extructed over 10000m3 buildings, and supposed that 'energy network' was 
introduced into the district where had following conditions. 

Condition: There are buildings over 10,000m2 in total in a district, and there are houses more than 133 
houses per 10,000m2 floor space in a district. 

It was assumed that the “energy network” was introduced into the district under the above conditions 
and that the energy saving rate was 11.0%. It was estimated that the energy saving for the entire Utsuno-
miya-shi was 4.4%. 

4. Conclusion 
We constructed a model to evaluate the optimum installation and operating conditions of equipments that 
depend on the regional climatic conditions and to evaluate the technological characteristics of the energy 
systems using nonlinear mixing integer programming. It can be concluded that the model developed in our 
research is superior in performance as compared to the existing tools and thus contributes to the optimum 
decision planning of a regional energy supply network using the recent complex and increasing techno-
logical options. 
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