

  energies-17-01445




energies-17-01445







Energies 2024, 17(6), 1445; doi:10.3390/en17061445




Article



A Model for Electrifying Fire Ambulance Service Stations Considering Practical Service Data and Charging Strategies



Yih-Her Yan 1, Rong-Ceng Leou 1,* and Chien-Chin Ko 2





1



Department of Electrical Engineering, National Formosa University, Yunlin County 632, Taiwan






2



Mituo Branch of Fire Bureau, Kaohsiung City Government, Kaohsiung 833, Taiwan









*



Correspondence: b05058@nfu.edu.tw; Tel.: +886-5-6315627







Citation: Yan, Y.-H.; Leou, R.-C.; Ko, C.-C. A Model for Electrifying Fire Ambulance Service Stations Considering Practical Service Data and Charging Strategies. Energies 2024, 17, 1445. https://doi.org/10.3390/en17061445



Academic Editor: Javier Contreras



Received: 14 December 2023 / Revised: 27 February 2024 / Accepted: 14 March 2024 / Published: 17 March 2024



Abstract

:

Due to concerns with air pollution and climate change, governments and transport operators around the world have engaged in transforming their fossil-fueled vehicles into electric vehicles (EVs). It is essential to build a model for the electrifying process to minimize the operation costs. This paper presents a systematic analytical approach for the electrification of a fire ambulance service station. This approach begins with the selection of suitable EVs to replace the current service vehicles. Subsequently, an in-depth analysis is conducted to determine the practical utilization of EVs at the station. The model proposes two charging strategies: immediate charging upon an EVs’ return and smart charging. Based on the chosen EVs and charging strategies, a comprehensive assessment of the load profiles for the planned EV charging station is performed. In accordance with the load profiles, a mathematical model to minimize the infrastructure and operation costs of the charging station is proposed. Various pricing schemes are compared to identify the most efficient pricing scheme for the charging station, and economic analyses of the EVs and traditional ambulance vehicles are proposed in this paper. The test results indicate that the progressive pricing scheme is well suited for immediate charging strategies, whereas smart charging should opt for the time-of-use pricing scheme. Selecting the appropriate pricing scheme has the potential to significantly reduce electric energy costs.
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1. Introduction


Cars, trucks, homes, and factories all contribute to climate change by burning fossil fuels in numerous engines, furnaces, and boilers, emitting pollution that exacerbates global warming. To effectively address climate change, these machines must cease their polluting activities. Increasingly, experts advocate for replacing them with electric alternatives—vehicles, heating systems, and factories powered by clean sources such as wind, solar, or nuclear energy. In this envisioned future, a significantly larger portion of America’s energy would be derived from electricity. Moreover, overall energy consumption would decrease as electric devices tend to be more efficient than those relying on fossil fuels. For instance, while a gasoline-powered car only utilizes about 30 percent of the energy in its fuel to propel its wheels, with the majority lost as heat, an electric car utilizes around 80 percent of its energy. There are indications that the United States is already shifting towards a more electrified future. Electric vehicle sales reached record highs last year, constituting 5.8 percent of new car sales, and the administration has proposed regulations to ensure they comprise two-thirds of sales by 2032 [1].



The electrification of transportation is an essential step to reduce the air pollution. Many countries have committed to transforming their fossil-fueled vehicles into electric vehicles. In general, the electrification of transportation can be divided into three groups: official vehicles, bus fleets of bus companies, and private vehicles. The term ‘official vehicles’ refers to vehicles utilized by public-sector entities. Electrification needs to consider the operational characteristics of these vehicles and the infrastructure required. The planning of electric official vehicles should consider their duties when selecting suitable types of EVs and determining charging schemes. Electrifying buses requires a consideration of various factors, such as meeting the original service schedules, selecting charging facilities, and determining charging schedules. Private vehicle electrification allows the option of charging at home or at public charging stations.



Bus operators worldwide are encountering the transition of their fleets from fossil-fueled to electric buses. A simulation tool based on discrete event simulation to determine the vehicle, charging infrastructure, energy, and staff demand required to electrify real-world bus networks was proposed in [2]. The obtained simulation results were subsequently fed into a total cost of ownership (TCO) model. The TCO calculation demonstrated that opportunity charging has a slight cost advantage over depot charging. In [3], a method is proposed to calculate the total cost of ownership for different types of electric buses. In this model, the operating cost comprises the sum of the driver cost, energy cost, maintenance and insurance costs, and electric grid fees. The investment cost is determined based on the depreciation of chargers, batteries, and buses. The paper analyzes two charging strategies for electric buses: end stop charging, where buses are charged at the end stops, and end stop off-peak charging, where buses are charged at the end stops throughout the day except during peak hours. The method will help in identifying ways to reduce costs.



In order to enhance the cost competitiveness of electrification, it is essential to optimize the design of the battery pack and charging infrastructure to meet the specific operating conditions. A method was proposed in [4] to minimize the TCO for an electric bus fleet by selecting the optimal battery size, number of charging stations, and charging power. Energy consumption and battery aging behavior are considered, while ensuring SOC-neutral operation. The total cost of ownership for two bus depots was analyzed in [5]. Two different approaches were examined for both route planning and charging scheduling, allowing for a quantification of their respective impacts on the total costs. The test results demonstrate that optimized scheduling can have a substantial impact on costs, underscoring the importance of intelligent management systems for future electric bus depots.



A coordinated utility–transit problem formulation for the optimal design of battery electric bus systems is proposed in [6]. The proposed algorithm considers the operation requirements of both power distribution and transit networks. A real-world transit system was used to verify the proposed model. A systematic and effective approach for the feasibility check and configuration design of electrified public bus transit fleets without a complicated optimization tool is proposed in [7]. The aim is to determine the number of electric buses and their on-board battery capacities to meet the transportation service schedule. Based on the power demand profile of the public bus transit fleets, a lifecycle cost analysis is conducted to compare the electric bus options with their diesel counterparts.



Several studies [8,9,10] have concentrated on optimizing the interaction between EV charging load, renewable energy, and energy storage systems (ESS). A planning decision model for charging stations and ESS, co-optimized with a route aggregation strategy and considering uncertainties in renewable generation, is proposed in [8]. The proposed model incorporates operational energy management schemes for PV, ESS, and other components, and its effectiveness is demonstrated through numerical tests. Another study introduces day-ahead charging and discharging strategies for an electric bus charging station equipped with an energy storage system [9]. The simulation results indicate that integrating ESS enables the charging station to shift the load to off-peak periods, thereby reducing daily operational costs. Furthermore, a planning method for a fast-charging station integrated with PV and ESS in urban areas is proposed [10]. Firstly, a charging demand estimation method based on average driving speeds and multi-agent simulation is presented. Subsequently, a distributionally robust optimization (DRO) planning model, utilizing the Wasserstein metric, is developed to determine the capacities of PV and ESS.



With the increasing popularity of electric vehicles, many experts and scholars are concerned about the impact on the power grid when a large number of electric vehicles charge simultaneously. The impacts of the expected EV rollout on fuel changes, energy costs, CO2 emission reduction, and network investments in the UK are proposed in [11]. Different EV charging strategies of the expected large-scale penetration of EVs are also estimated. Test results show that smart charging and the location of EV charging have great impacts on network reinforcement costs. The impact of EVs on urban and rural distribution networks are evaluated in [12]. A wide range of practical operating scenarios are considered in this paper. The thermal capacity of the network is found to be the primary limiting factor, while voltage is the second main reason for both medium-density urban and short rural networks. A model for optimizing the charging schedule of a fleet of battery electric buses has been developed in [13]. This approach minimizes the charging costs of electric bus fleets while also accounting for battery aging and participation in vehicle-to-grid schemes. Test results suggest that, when the battery replacement cost is below a threshold of EUR 100/kWh, it may become economically viable for public transportation operators to sell excess energy back to the grid under a specific remuneration scheme.



Impacts of EV charging uncertainties on the EV charging power control participating in supplementary frequency stabilization from the perspectives of both the utility and the EV owner are investigated in [14]. The test results indicate that the number of participating EVs is the most influential parameter for frequency stabilization capability, followed by the rated charging power of EV. From the EV owner’s perspective, the energy capacity is the dominant parameter affecting the expected EV energy variance, followed by the remaining energy and available charging time. The endogenous relationships among EVs, EV charging piles, and public attention are investigated in [15]. Life cost analyses of electric and diesel bus transits are proposed in [16,17,18]. The total cost of ownership, energy efficiency, and carbon dioxide emissions are compared in these studies.



Currently, most of the literature focuses on the planning and impact analysis of electric bus charging stations and public charging stations. Few studies have addressed the electrification of official vehicles. This paper aims to fill this research gap by proposing a framework for electrifying fire ambulance vehicles. A systematic analysis approach is proposed, encompassing two charging strategies: immediate charging for returning EVs and smart charging. The first step involves selecting the appropriate type of electric vehicle to fulfill ambulance duties. Additionally, the site’s spatial arrangement needs to be considered to accommodate the charging stations and electric ambulance vehicles. Subsequently, historical practical service data on the ambulance vehicles are analyzed to estimate the load profile of the charging station after electrification. Based on the load profile, a mathematical model to minimize the infrastructure and operation costs of the charging station is proposed, and the most suitable electricity billing options for two charging strategies are identified. Additionally, economic analyses of the EVs and traditional ambulance vehicles are demonstrated in this paper.




2. The Proposed Model


Different types of transportation electrification entail distinct considerations. Electrifying bus stations requires evaluating service schedules and routes to determine the optimal placement of buses and chargers, along with devising a charging strategy aimed at minimizing overall costs, as demonstrated in [2,3,4,5,6,7,8,9,10]. Planning public electric charging stations for private EVs necessitates accounting for the unpredictable behaviors of vehicles. The randomness of EV behavior can be modeled using probability distribution functions, as illustrated in [19,20,21].



The fire ambulance service station operates with random and emergent characteristics. Security concerns must be incorporated into the planning process. A model of electrifying a fire ambulance service vehicles’ station is proposed in this section. The analytic process is demonstrated in Figure 1. A detailed description is shown below.



	1.

	
Choosing an appropriate type of EV







In 2020, Opel officially launched the Vivaro electric van, known as ‘Vivaro-e’, in the German market. The vehicle is powered by a front-mounted electric motor with a maximum output of 136 horsepower and a torque of up to 260 Nm. It can reach a top speed of 130 km per hour. The innovative 2-seat passenger bench enhances Vivaro-e’s flexibility, providing a highly competitive load volume of up to 6.6 m3 and maximum load length of up to 4 m. The standard payload is 1000 kg. Equipped with dual electric sliding doors and sensor-operated hands-free access, opening your Vivaro-e with full hands and accessing its vast load space has never been more effortless. According to the function of the ambulance vehicle, the electric vehicle Opel Vivaro-e is selected to replace the original one. Opel Vivaro-e is available with a 50 kWh battery for a range of up to 230 km. Its on-board charging power is 7.4 kW. Its energy consumption is 0.21 kWh/km [22]. This vehicle’s space and drivable distance are well suited for its use as a fire ambulance vehicle.



	2.

	
Determining the number of EVs and the infrastructure of the charging station







Different numbers of EVs will affect the infrastructure of the charging station and the charging cost. According to the land area of the site and the task needed to be performed, the minimal and maximal number of EVs are determined first. The infrastructure of this charging station and charging scheme are determined for each number of EVs. Considering this, we maintained the current quantity of electric fire ambulance vehicles after taking into account operational and site-related factors.



	3.

	
Practical service data analysis







The analysis includes the total service distance and number of services, as well as the minimum, average, maximum, and standard deviation of service distances for the three existing fire ambulance vehicles over the course of one year. Based on these analyzed service data and charging strategies, the load profile of the charging station can be derived. Detailed results are presented in the test results section.



	4.

	
Charging strategies







The model considers two charging strategies for electric ambulance vehicles: recharging them immediately upon return (Strategy 1) and recharging them during off-peak periods (Strategy 2).



	5.

	
Deciding the optimal plan







The objective function is to minimize the infrastructure cost and operation cost, as shown in Equation (1), for two charging strategies. The constraints contain the land area limitation and maintain a charging load not exceeding the rating capacity of the transformer.


    M i n   I n f r a s t r u c t u r e   C o s t + O p e r a t i o n   C o s t     S . T .         N × V A r e a ≤ L a n d   A r e a         C h arg i n g   L o a d ≤ T  r  r a t i n g      



(1)




where N represents the number of vehicles, VArea is the area of vehicles, Land Area indicates the area of the charging station, and Trrating is the rating capacity of the transformer.



The operation cost is related to the electricity rating scheme. There are three electricity rating schemes for the low-voltage customers in Taiwan. These three schemes are described below.



Scheme 1:



Scheme 1 employs a monthly progressive rating system. The progressive ranges are shown in Table 1. Equation (2) demonstrates the electricity cost of an energy consumption of 350 kWh in summer using scheme 1’s rating system.


    E l e c t r i c i t y   C o s t   ( 350   kWh )   i n   S u m m e r = 120 × 1.63 + ( 330 − 120 ) × 2.38 + ( 350 − 330 ) × 3.52                                     = 765.8   N T D   = 24.3111   U S D    



(2)







Scheme 2:



Scheme 2 is a time-of-use rating system with two-stage electricity prices, as shown in Table 2. The peak price is NTD 4.44/kWh and NTD 4.23/kWh in the summer months and non-summer months, respectively, while the off-peak price is NTD 1.80/kWh and NTD 1.73/kWh in the summer months and non-summer months, respectively. The electricity cost is the sum of energy consumption multiplied by the corresponding electricity price in each time period.



Scheme 3:



Scheme 3 is a time-of-use rating system with three-stage electricity prices, as shown in Table 3. Peak, half peak, and off-peak periods are demonstrated in Table 3. For example, the peak period involves the time interval of 10:00~12:00 and 13:00~17:00 from Monday to Friday in the summer months.




3. Test Results


Electrifying fossil-fueled vehicles is in its initial stages in Taiwan, with the government calling upon public sectors to take the lead. An illustrative case is the transformation of a small fire department located in the township of Kaohsiung City. The first step involves the conversion of three fire ambulance vehicles within this department into electrically powered vehicles. This section presents the outcomes of electrifying these emergency vehicles, followed by an economic analysis comparing the electric vehicles (EVs) with the current usage of three traditional ambulance vehicles.



3.1. Test Results of the Electrification Process


3.1.1. Determining the Number of Electric Fire Ambulance Vehicles


As described in the proposed model, the number of vehicles should be determined first. Due to the security concern and randomness of the emergency call, the number of electric vehicles is maintained as the original number to satisfy the public requirements. Because the size of the selected EV is similar to that of the current vehicle, the original parking lot is capable of accommodating these three electric vehicles.




3.1.2. Determining the Best Rating Scheme to Minimize the Charging Cost


Table 4 shows the total service distance and service numbers, as well as the minimum, average, maximum, and standard deviation of service distances for the three current fire ambulance vehicles over the course of one year. The Opel Vivaro-e EV, capable of traveling up to 230 km on a single charge, exceeds the maximum service distance covered by the current three ambulance vehicles. The average distance for each service is 27.74 km and the energy consumption of the Opel Vivaro-e EV is 0.21 kWh/km; hence, the average energy consumption for each service duty is 5.82 kWh. The oil cost of these three fire ambulance vehicles in one year is NTD 63,340 (2010.8 USD). Figure 2 depicts the cumulative count of returning fire ambulance vehicles per hour for each month, while Figure 3 illustrates the average energy consumption per hour for each month. It is evident that fewer rescue service requests occur before dawn, with a significant increase in emergency service calls during the night.



In the proposed model, two charging strategies for electric ambulance vehicles are analyzed: recharging them immediately upon return (Strategy 1) and recharging them during off-peak periods (Strategy 2). Strategy 1 ensures that fire service vehicles are promptly ready to meet emergency requirements. From the usage data statistics on ambulance vehicles presented in Table 4, it is observed that the average energy consumption for each service duty is 5.82 kWh, with an average number of daily missions per vehicle ranging from one to two times. Considering the battery size of the vehicles (50 kWh), it is reasonable to adopt Strategy 2 to minimize charging costs. The electricity costs associated with three candidate rating systems of two charging strategies are presented below.




	
The energy cost of the scheme 1 rating system








Figure 4 shows the accumulated energy consumption for each month. The electricity cost for each month can be calculated based on the progressive rating for each month shown in Table 1. As scheme 1 does not employ a time-of-use rating system, the energy costs for charging strategies 1 and 2 are identical. Figure 5 illustrates the energy costs associated with these two charging strategies for each month. The total energy cost for one year amounts to NTD 12,986 (USD 412.254).



	
The energy cost of the scheme 2 rating system




	-

	
Charging policy of Strategy 1












In order to calculate the electricity costs of scheme 2 and scheme 3 of the charging policy of Strategy 1, the return time of ambulance vehicles needs to be analyzed in more detail. Table 5 and Table 6 show the returning number of ambulance vehicles for different time periods of working days for summer months and non-summer months, respectively. Table 7 shows the returning number of vehicles during holidays for summer months and non-summer months.



The energy consumption of peak periods and off-peak periods of working days for summer months and non-summer months of Strategy 1 can be calculated using Equations (3) and (4), respectively, and Equations (5) and (6) show the energy consumption of the half-peak periods and off-peak periods of working days of non-summer months. The energy consumption for weekends and holidays for summer months and non-summer months can be calculated using Equations (7) and (8), respectively. According to the energy rates in Table 2, the energy cost of scheme 2 for charging under Strategy 1 is shown in Equation (9).


   E n e r g y   C o n s u m p t i o n   o f   P e a k    P e r i o d   f o r   S u m m e r   M o n t h s = ( 90 + 136 ) × 5.82 = 1315.32   kWh  



(3)






   E n e r g y   C o n s u m p t i o n   o f   o f f - P e a k    P e r i o d   f o r   S u m m e r   M o n t h s = 30 × 5.82 = 174.6   kWh  



(4)






   E n e r g y   C o n s u m p t i o n   o f   H a l f - P e a k    P e r i o d   f o r   N o n − s u m m e r   M o n t h s = 377 × 5.82 = 2194.14   kWh  



(5)






   E n e r g y   C o n s u m p t i o n   o f   o f f - P e a k    P e r i o d   f o r   N o n − s u m m e r   M o n t h s = 52 × 5.82 = 302.64   kWh  



(6)






   E n e r g y   C o n s u m p t i o n   o f   W e e k e n d s    and   H o l i d a y s   f o r   S u m m e r   M o n t h s = 68 × 5.82 = 395.76   kWh  



(7)






   E n e r g y   C o n s u m p t i o n   o f   W e e k e n d s    and   H o l i d a y s   f o r   N o n − s u m m e r   M o n t h s = 183 × 5.82 = 1065.06   kWh  



(8)






    T h e    E n e r g y    C o s t   o f   S c h e m e   2   f o r   S t r a t e g y   1 = 75   N T D / P e r   M o n t h × 12   M o n t h s   +     ( 4.44   N T D / kWh × 1315.32   kWh )   + ( 1.8   N T D / kWh × 174.6   kWh )   + ( 4.23   N T D / kWh × 2194.14   kWh )   +     ( 1.73   N T D / kWh × 302.64   kWh )   + ( 1.8   N T D / kWh × 395.76   kWh )   + ( 1.73   N T D / kWh × 1065.06   kWh )     = 19 , 427   N T D = 616.7302   U S D    



(9)








	





	-

	
Charging policy of Strategy 2














Based on the usage data statistics presented in Table 4, it is prudent to implement a smart charging strategy (Strategy 2) by postponing charging to off-peak periods. As indicated in Table 5, Table 6 and Table 7, the service occurrences during summer and non-summer months are 324 and 612 times, respectively. Referring to the energy rates outlined in Table 2, the energy cost for scheme 2 employing Strategy 2 is calculated as shown in Equation (10).


    T h e    E n e r g y    C o s t   o f   S c h e m e   2   f o r   S t r a t e g y   2 = 75   N T D / P e r   M o n t h × 12   M o n t h s   +     ( 1.8   N T D / kWh × 324 × 5.82   kWh )   + ( 1.73   N T D / kWh × 612 × 5.82   kWh )     = 10 , 456   N T D = 331.9365   U S D    



(10)







	
The energy cost of the scheme 3 rating system




	-

	
Charging policy of Strategy 1












Based on the data in Table 5, Table 6 and Table 7 and the energy rates in Table 3, the energy consumption for peak periods, half-peak periods, and off-peak periods of working days for summer months can be calculated using Equations (11)–(13), respectively. Equations (5) and (6) show the energy consumption of half-peak periods and off-peak periods of working days of non-summer months. The energy consumption for weekends and holidays for summer months and non-summer months can be calculated using Equations (7) and (8), respectively. According to the energy rates in Table 3, the energy cost of scheme 3 for charging under Strategy 1 is shown in Equation (14).


   E n e r g y   C o n s u m p t i o n   o f   P e a k    P e r i o d   f o r   S u m m e r   M o n t h s = 90 × 5.82 = 523.8   kWh  



(11)






   E n e r g y   C o n s u m p t i o n   o f   H a l f - P e a k    P e r i o d   f o r   S u m m e r   M o n t h s = 136 × 5.82 = 791.52   kWh  



(12)






   E n e r g y   C o n s u m p t i o n   o f   o f f - P e a k    P e r i o d   f o r   S u m m e r   M o n t h s = 30 × 5.82 = 174.6   kWh  



(13)






    T h e    E n e r g y    C o s t   o f   S c h e m e   3   f o r   S t r a t e g y   1 = 75   N T D / P e r   M o n t h × 12   M o n t h s   +     ( 6.2   N T D / kWh × 523.8   kWh ) + ( 4.07   N T D / kWh × 791.52   kWh ) + ( 1.8   N T D / kWh × 174.6   kWh ) +     ( 3.88   N T D / kWh × 2194.14   kWh ) + ( 1.73   N T D / kWh × 302.64   kWh )   + ( 1.8   N T D / kWh × 395.76   kWh ) +     ( 1.73   N T D / kWh × 1065.06   kWh ) = 19 , 275   N T D = 611.9048   U S D    



(14)








	





	-

	
Charging policy of Strategy 2














Since the electricity prices during off-peak periods in schemes 2 and 3 are the same, the energy costs for charging under Strategy 2 under both schemes are identical. Consequently, the energy cost for Strategy 2 under scheme 2 is NTD 10,456 (USD 331.9365).



Table 8 presents the electricity costs associated with the three schemes for two charging strategies, along with the gasoline cost incurred by traditional ambulance vehicles over one year. It is evident that scheme 1 offers the lowest cost when employing Strategy 1’s charging policy, whereas scheme 2 or scheme 3 emerges as the optimal choice for charging Strategy 2. Additionally, the gasoline costs consumed by the three current ambulance vehicles exceed those under the three rating schemes for EVs.





3.2. The Economic Analysis of the Electric Ambulance Vehicles and Traditional Ambulance Vehicles


The operation costs of electric ambulance vehicles (EAVs) and traditional ambulance vehicles (TAVs) include the vehicle cost, energy cost, maintenance cost, and installation cost of the charging station (for EAVs only). The charger operates on AC 220 V with a rated power of 7.4 kW. These costs, shown in Table 9 [23,24,25], are used to perform an economic analysis of the total cost of EAVs and TAVs.



The present value method [26] shown in Equation (15) is used to perform this financial analysis. A discount rate of 5% is applied, and the assumed lifecycle of vehicles is 10 years. Table 10 presents the present values for electric ambulance vehicles (EAVs) using two charging strategies, as well as those for traditional ambulance vehicles (TAVs). While the present value of EAVs surpasses that of TAVs, it is essential to consider that EAVs contribute to a reduction in air pollution. Moreover, vehicle electrification aligns with government policy objectives, making it imperative for businesses to proactively prepare to meet these policy requirements.


  N P V =  C  v e h   +  C  c h g _ s t a   +   ∑  i = 1  N      C  e n g , i   +  C  m a i n , i         1 + d    i       



(15)




where Cveh and Cchg_sta represent the vehicle cost and charging station cost, respectively, Ceng,i and Cmain,i denote the energy cost and maintenance cost in year i, respectively, d is the discount rate, and N is the life cycle.





4. Discussion


Fossil fuel vehicles are under consideration to be prohibited for sale in Taiwan by 2040. Establishing a structured framework for the electrification of vehicles and the implementation of charging stations is imperative. In pursuit of this goal, this paper introduces a systematic model for electrifying a fire ambulance service station. The proposed model is validated through a practical case study. A discussion regarding this paper is outlined below.



	
A systematic process is proposed for programming charging stations. The process begins by selecting suitable types of electric vehicles to replace the existing fleet, followed by an evaluation of the charging station’s load profile using real-world service data. Due to the specified duty of the fire department, the number of vehicles and the chargers remain unchanged. The service distance and service numbers of the fire ambulance vehicles are analyzed over one year. These data are then utilized to calculate the energy consumption of the charging station in the event of electric ambulance vehicles being employed.



	
Different forms of transportation electrification involve different considerations. Electrifying a fire ambulance service station involves distinct considerations compared with electrifying a bus service station [2,3,4,5,6,7,8,9,10]. Unlike a bus station, which operates on a fixed schedule and route, a fire ambulance service station operates with random and emergent characteristics. Following consultation with the fire bureau, the number of EAVs remains unchanged with an equal number of chargers due to security concerns and the unpredictable nature of emergency calls involving EAVs. However, after analyzing service data, implementing a smart charging strategy is deemed feasible. Although the current situation entails a fixed number of electric vehicles and chargers, it can be expanded to accommodate a variable number of electric vehicles and chargers. In fact, the authors are currently conducting a case study on electrifying the bus station using a similar model.



	
While economic analyses of TAVs suggest they present a financially viable option in this study, the ongoing decrease in the costs of EVs and charging equipment, driven by the increasing adoption of EVs, will likely make EAVs increasingly competitive in the future.







5. Conclusions


This paper proposes a model for electrifying fire ambulance service stations, taking into account practical service data and charging strategies. The model aims to optimize charging station programming with the objective of minimizing infrastructure and operational costs. In this study, the number of electric ambulance vehicles and chargers remains unchanged due to security concerns. Two charging strategies, the immediate charging of returning EVs (Strategy 1) and delayed charging during off-peak periods (Strategy 2), are analyzed within the proposed model. By utilizing energy consumption data from Figure 3, the electricity costs associated with three pricing schemes for these two charging strategies are compared to determine the optimal scheme. The test results indicate that different charging strategies require distinct electricity pricing schemes. The progressive pricing scheme is suitable for Strategy 1’s charging policy, while charging under Strategy 2 should involve using the time-of-use pricing scheme to minimize energy costs. Economic analyses of electric ambulance vehicles and traditional ambulance vehicles are also demonstrated in this paper. While TAVs present an economically viable option, EAVs offer the added advantage of mitigating air pollution, aligning with the emerging trend driven by government policies promoting vehicle electrification. Hence, it is imperative to establish a standardized electrification process for conventional fossil-fueled vehicles.
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Figure 1. The proposed model. 
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Figure 2. The cumulative count of returning fire ambulance vehicles per hour for each month. 
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Figure 3. The average energy consumption per hour for each month. 
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Figure 4. Accumulated energy consumption for each month. 
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Figure 5. Accumulated energy cost for each month for charging strategies 1 and 2. 
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Table 1. The rating system of scheme 1.
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	Progressive Ranges
	Electricity Rates for

Summer Months

(June 1st~September 30th)
	Electricity Rates for

Non-Summer Months

(Other Time)





	≤120 kWh
	1.63 NTD/kWh
	1.63 NTD/kWh



	121 kWh~330 kWh
	2.38 NTD/kWh
	2.10 NTD/kWh



	331 kWh~500 kWh
	3.52 NTD/kWh
	2.89 NTD/kWh



	501 kWh~700 kWh
	4.80 NTD/kWh
	3.94 NTD/kWh



	701 kWh~1000 kWh
	5.66 NTD/kWh
	4.60 NTD/kWh



	≥1001 kWh
	6.41 NTD/kWh
	5.03 NTD/kWh







USD 1 = NTD 31.5.













 





Table 2. The rating system of scheme 2.
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Electricity Rates for Summer Months (June 1st~September 30th)

	
Electricity Rates for Non-Summer Months (Other Time)




	
Contract Charge

	
Per Month

	
75.0 NTD/Per Customer






	
Energy Charge

	
Monday~Friday

	
Peak Period

	
07:30~22:30

	
NTD 4.44/kWh

	
NTD 4.23/kWh




	
Off-Peak Period

	
00:00~07:30

22:30~24:00

	
NTD 1.80/kWh

	
NTD 1.73/kWh




	
Saturday, Sunday, and Holidays

	
Off-Peak Period

	
All Day

	
NTD 1.80/kWh

	
NTD 1.73/kWh











 





Table 3. The rating system of scheme 3.
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Electricity Rates for Summer Months (June 1st~September 30th)

	
Electricity Rates for Non-Summer Months (Other Time)




	
Contract Charge

	
Per Month

	
75.0 NTD/Per Customer






	
Energy Charge

	
Monday~Friday

	
Peak Period

	
Summer Months

	
10:00~12:00

13:00~17:00

	
6.2

	
-




	
Half-Peak Period

	
Summer Months

	
07:30~10:00

12:00~13:00

17:00~22:30

	
4.07

	
-




	
Non-Summer Months

	
07:30~22:30

	
-

	
3.88




	
Off-Peak Period

	
00:00~07:30

22:30~24:00

	
1.8

	
1.73




	
Saturday, Sunday, and Holidays

	
Off-Peak Period

	
All Day

	
1.8

	
1.73











 





Table 4. The total service distance and service numbers, and the minimal, average, maximal, and standard deviation of the service distance of the current three fire ambulance vehicles in one year.
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	Vehicle
	Total Service Distance
	Total Service Numbers
	Minimum (km)
	Average (km/Number)
	Maximum (km)
	Std (km)





	No. 1
	9793
	388
	1
	25.24
	97
	15.96



	No. 2
	8615
	261
	1
	33.01
	99
	24.51



	No. 3
	7553
	287
	1
	26.32
	140
	23.32



	
	
	
	
	27.74
	
	










 





Table 5. The returning number for different time periods of working days for summer months.
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	Time Period
	10:00~12:00, 13:00~17:00
	07:30~10:00, 12:00~13:00, 17:00~22:30
	00:00~07:30, 22:30~24:00





	Number
	90
	136
	30










 





Table 6. The returning number for different time periods of working days for non-summer months.
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	Time Period
	07:30~22:30
	00:00~07:30, 22:30~24:00





	Number
	377
	52










 





Table 7. The returning number for weekends and holidays for summer and non-summer months.
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	Summer Months
	Non-Summer Months





	Number
	68
	183










 





Table 8. Comparisons of electricity costs of the three rating schemes for two charging strategies.
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Scheme

	
Scheme 1

	
Scheme 2

	
Scheme 3

	
Gasoline Cost




	
Cost (USD)

	






	
Strategy 1

	
412.254

	
616.7302

	
611.9048

	
2010.8




	
Strategy 2

	
412.254

	
331.9365

	
331.9365











 





Table 9. Economic analysis parameters for EAVs and TAVs.
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	Vehicle Cost (USD/per Vehicle)
	Energy Cost (USD/per Year)
	Maintenance Cost (USD/per Year)
	Installation Cost of the Charging Station (USD/per Unit)





	EAV (Strategy 1)
	48,571
	412.254
	271.3651
	6095.2



	EAV (Strategy 2)
	48,571
	331.9365
	271.3651
	6095.2



	TAV
	30,159
	2010.8
	387.6508
	-










 





Table 10. Economic analysis results for EAVs and TAVs.






Table 10. Economic analysis results for EAVs and TAVs.











	
	EAVs (Strategy 1)
	EAVs (Strategy 2)
	TAVs





	Present Value (USD)
	179,830
	177,970
	146,040
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