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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 

This paper presents an approach to determine the optimal capacity of battery energy storage system (BESS) for peak shaving of 
the electric power load in Naresuan University (NU), Phitsanulok, Thailand. The topology of the system consists of main grid, 
loads and the proposed BESS. Experimental data are daily load profiles, which were recorded for every 15 minutes over the last 
year. The consumed electricity energy can well correlate with the temperature as well as the schedules of NU activities for both 
annual and daily scales. Peak shaving is proposed to reduce the electricity cost contributed from the high load peak during the 
daytime. Realistic parameters for both AC/DC converter and battery are taken into account. An optimal BESS capacity for saving 
the electricity cost by peak shaving is calculated by first considering the date when the highest energy demand is recorded. Our 
results show that the optimal BESS can shave the peak load efficiently. Oversized BESS can further decrease the load peak but 
the reduced cost per battery capacity is not optimal. In addition, we present and discuss two different management strategies, i.e., 
time-based and differentiated power criteria, for operating the BESS in this system. BESS with different storage capacity is 
included into the system and the equivalent electricity cost is estimated. Both time-based and differentiated power criteria can 
reduce the cost. 
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1. Introduction 
 

National electrical power systems are constantly improved globally. Nowadays, many concepts are being applied 
to the electrical power system in Thailand [1]. Recently, changeover from conventional grids to smart grids and 
microgrids is an interesting developing direction for improving the power system [1,2]. Within this technology, 
renewable energy resources such as photovoltaics, wind energy, and biomass, are proposed to integrate into the 
system since the variety of energy resources can increase the stability and flexibility of the system. For these 
resources, energy storage system is sometimes utilized to separate the power in/out-flow and to control the power 
flow level [3]. Energy storage systems with conventional battery bank so-called battery energy storage system 
(BESS) is commercially available [4]. Engineering the usage of BESS is desired on the demand side since it is 
possible to be used for further reducing the total electricity cost [5-8]. In this work, we investigate on the utilization 
of an energy storage system in order to apply a peak shaving scheme to reduce the electricity cost. A usage of BESS 
is considered and the method to determine the optimal BESS size is presented. Various observed/realistic data 
(electricity cost, energy, peak power as well as weather data) of the year 2016 are considered in this work. Two 
possible management schemes for peak shaving criteria are numerically simulated and the result in term of 
equivalent electricity energy cost is discussed. 
 
2. System and Load Characteristics 
 
2.1 System description 
 

Naresuan University (NU) campus is located at Tambon Tha Pho, Amphoe Muang Phitsanulok, in Phitsanulok 
province in the Lower North region of Thailand (latitude of 16.7386 and longitude of 100.1947). Figure 1 shows the 
topology of the electrical distribution system of NU. The main grid of Provincial Electricity Authority (PEA) of 
Thailand is connected the power lines of the NU system at the NU substation located in the campus. The received 
voltage rates are 115 and 22 kV. The 115 kV is reduced to 22 kV. The electric power is transferred to 47 NU loads 
(the main buildings in the university) distributed over the whole campus area. The rated voltage is further reduced to 
220 V by transformers nearby the load. The proposed BESS is assumed to be installed at the low voltage side near 
the main load (i.e. NU load no. 1 in Fig. 1) in order to decrease the overall electricity cost. Typically, the load power 
PL of a few megawatts (MW) constantly flow from PEA to the NU loads. Normally, electricity cost of the whole 
university is ~10 million Baht/month. The highest cost typically occurs in Mar.-Apr. (~16 million Baht/month) since 
they are the month where academic semester is still opened while the ambient temperature is the high (see Sec. 2.2). 

The mentioned electricity cost is calculated from three parts, i.e., (i) consumed energy (in kWh), (ii) peak power 
(in kW), and (iii) other marginal management/service costs. For the cost from the consumed energy, it is further 
divided into on-peak (9:00-22:00) and off-peak (22:00-9:00) periods in normal weekdays. By having a BESS (as 
shown in the dashed rectangle in Fig. 1), one can charge BESS with the battery power inflow PB (> 0) and discharge 
it (PB < 0) when the peak shaving is operated. For simplicity, we assume a constant conversion efficiency of 90% 
for the AC/DC converter and a deep of discharge DoD of 0.8 for the considered battery. These parameters determine 
the range and limit of the BESS for the considered system. 
 

 
Fig. 1 The topology of the electrical distribution system of Naresuan University (NU). 
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2.2 Main factors that influence electricity consumption 
 

In order to understand the nature of this university load, we first investigate the relationship between load 
energy/power with the temperature as well as the academic calendar. Since many air-conditioning systems (both 
chiller and split types) are installed and operated in NU, we initially expect that the ambient temperature is the first 
main factor in determining the NU energy consumption. Figure 2(a) shows the load energy and average temperature 
as a function of time over the calendar year 2016. The maximum and minimum temperatures for each month are 
shown as error bars. One can clearly observe from the figure that the temperature can well correlate with the 
consumed energy. Generally, summer season in Thailand starts in March. So the electricity demand for air-
conditioning largely enhance in March and April as compared with the winter season occurred between December 
and February. The NU academic calendar, which roughly control the activities of people inside (students and 
academic staffs), is shown in the top panel of Fig. 2(a). Since the semester is still opened in March and April and the 
ambient temperature is high, the load energy is highest at these months. Moreover, the summer semester of NU is 
typically between May and August. During this time, many students are not in the campus. The total consumed 
energy is thus reduced in that period. This corresponds to the dip of load energy in June and July even the average 
temperature does not change much. The load energy is increased again in August since the semester is reopened in 
this month. Short break between semesters in December together with a drop of the temperature causes the energy 
load reduction in December. 

In Fig. 2(b), examples of daily electric load profiles for weekday and weekend days are presented. A temperature 
variation over a day is also shown. At daily time scale, the electric power can even better correlate with the 
temperature (R2 > 0.8). Typically, when the temperature increases the power consumption is enhanced. This 
increasing period also corresponds to the typical working/lecturing hours in the university. The load peak usually 
occurs in the afternoon where the ambient temperature is high. The electricity demand is large due to the 
consumption of air-conditioning systems. Power demands for weekday and weekend are quite different (~2.1 times). 
We attribute this fact to the non-usage of air-conditioned (lecture) rooms. 
 
3. Reduction of Energy Cost by BESS and Peak Shaving Scheme 
 
3.1 Peak shaving procedure 
 

As mentioned in the previous section, electricity cost can be divided into 3 parts. Peak shaving is a method to 
reduce the cost originated from the high load peak power. Non-ideal BESS is proposed to reduce it and at the same 
time the total energy cost must also be reduced. For a basic understanding of the peak shaving procedure, we 
demonstrate a peak shaving scheme in Fig. 3. The load profile on the highest load power day of the year (on the 20th 
of April) is shown as a solid line. If a BESS is installed into the system, the daily peak power can be reduced. In Fig. 
3, two BESSs are considered/compared. One is a small BESS. An ideal shaved load profile and the corresponded 
power flow from the BESS are shown as dashed lines. The peak power can be reduced from 13.6 MW to 12.31 MW  
 

 
Fig. 2 (a) Load energy and average temperature as a function of time over the calendar year 2016. The NU academic calendar is shown in the top 

panel. (b) Examples of daily electric load profiles (recorded every 15 min.) for weekday (solid line) and weekend (dotted line) days. 
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