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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

In recent years, an increasing number of distributed energy resources (DERs) in residential sector began to have an impact on 
electrical system operation. Especially, through massive introduction of photovoltaic power generation like rooftop solar, it 
became difficult to balance supply and demand of electricity in some area of Japan. To deal with this problem, this paper 
proposes integrated system of residential DERs which secure the supply reserve internally. Mixed Integer Linear Programming 
(MILP) model of integrated system is developed, and verified by case studies. The results of case study shows that the operation 
which secures internal reserve of 20% of PV generation can be performed by about 2% increase of the total cost. 
© 2017 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of CPESE 2017. 
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1. Introduction 

Recently, people’s increasing awareness of energy conservation and low carbon society promotes installation of 
distributed energy resources (DERs) in residential sector such as rooftop PV, micro-CHP, and home battery. While 
acquiring electricity sales income from PV reverse flow, DERs in residential sector has no responsibility to the grid 
operation under current Japanese system. As the Government of Japan has set the goal of introducing further renew- 
able energy to improve self-sufficiency rate and reduce CO2 emission [1], increasing variable power generation such 
as rooftop PV has begun to have serious influences on the grid system. To deal with this situation, various grid 
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operation methods such as wide area operation using inter-connection lines [2], microgrid concept, and virtual power 
plant concept have been studied. These concepts utilize distributed resources actively and integratedly to ensure 
stable grid operation from different perspectives and ranges. Especially, the utilization of the residential DERs to 
compensate the deviation of variable output are studied in [3].In this paper, based on the virtual power plant concept, 
the integrated operation method of residential DERs are considered. This integrated system is modeled by mixed 
integer linear programming (MILP) optimization model. To deal with the problem of variable output of PV, the 
novel concept of internal reserve by fuel cell is introduced in the model.  

This paper is divided in five sections. The configuration of proposed system and MILP model of the system are 
shown in Section 2. The data used in case study are shown in Section 3. The result and discussion of the case study 
is shown on Section 4. Section 5 is comprised by conclusion and future work. 

 
Nomenclature 

t  Time 
p  House Number 
CScost  Consumers’ Total Cost [JPY/day]  
Ecost  Consumers’ Total Electricity Cost [JPY/day]  
Gcost  Consumers’ Total Gas Cost [JPY/day] 
PVsold  Total Revenue from PV Generation Selling [JPY/day]  
Edm(t,p)  Electricity Demand of House p and Time t [kWh/30min]  
Hdm(t,p)  Hot Water Demand of House p and Time t [kWh/30min]  
Egr

dm(t,p) Electricity Supply from Grid [kWh/30min] 
Efc

dm(t,p) Electricity Supply from Fuel Cell [kWh/30min]  
Ebt

dm(t,p) Electricity Supply from Home Battery [kWh/30min]  
Epv

dm(t,p) Electricity Supply from PV [kWh/30min] 
Htn

dm(t,p) Hot Water Supply from Heat Tank [kJ/30min] 
Hbh

dm(t,p) Hot Water Supply from Backup Heater [kJ/30min]  
Reserveup(t) Internal Reserve [kW] 
ReserveRate Internal Reserve Rate Regarding PV Generation [%] 
PVgen(t)  Total PV Generation of Time t [kW] 
BINFCtot(t) The number of Fuel Cell in Operation 
FCgen,max  Maximum Generation Capacity of Fuel Cell [kW] 
FCgen(t)  Total Fuel Cell Generation of Time t [kW]  

 

2. Integrated System of Residential DERs 

2.1. System overview 

In the proposed system, the cluster of houses equipped with fuel cell CHP, rooftop PV, home battery, and Home 
Energy Management System (HEMS) is considered. The overview of the system is shown on Fig.1(a), and the 
model of energy flow in each houses in the cluster is shown on Fig.1(b). This cluster is integratedly operated by 
Aggregator Energy Management System (AEMS) by exchanging information between AEMS and each HEMS. The 
aggregator also participates in Electricity Market and surplus power from rooftop PV can be bidden on the market. 
If the bidding electricity can’t be matched due to fluctuations of PV generation, there is a risk that the aggregator 
will pay a penalty to the market. In order to mitigate such risk, a method of securing reserve within a cluster using 
fuel cell CHP is studied in this model. Additionally, the effect of the premium for the PV selling in electricity 
market is considered looking to the future investment promotion system like Feed-in-Premium (FIP). 
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operation methods such as wide area operation using inter-connection lines [2], microgrid concept, and virtual power 
plant concept have been studied. These concepts utilize distributed resources actively and integratedly to ensure 
stable grid operation from different perspectives and ranges. Especially, the utilization of the residential DERs to 
compensate the deviation of variable output are studied in [3].In this paper, based on the virtual power plant concept, 
the integrated operation method of residential DERs are considered. This integrated system is modeled by mixed 
integer linear programming (MILP) optimization model. To deal with the problem of variable output of PV, the 
novel concept of internal reserve by fuel cell is introduced in the model.  

This paper is divided in five sections. The configuration of proposed system and MILP model of the system are 
shown in Section 2. The data used in case study are shown in Section 3. The result and discussion of the case study 
is shown on Section 4. Section 5 is comprised by conclusion and future work. 
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