

  The Development of Cloud Energy Management




The Development of Cloud Energy Management







Energies 2015, 8(5), 4357-4377; doi:10.3390/en8054357




Article



The Development of Cloud Energy Management



Chin-Chi Cheng 1, Dasheng Lee 1,*, Ching Hung Wang 2, Shu Fen Lin 2, Hung-Peng Chang 3 and Shang-Te Fang 3





1



Department of Energy and Refrigerating Air-Conditioning Engineering, National Taipei University of Technology, Taipei 10608, Taiwan






2



Chunghwa Telecom, Data Communications Business Group, Taipei 10048, Taiwan






3



Foundation of Taiwan Industry Service, Taipei 10608, Taiwan









*



Author to whom correspondence should be addressed; Tel.: +886-2-27712171 (ext. 3510); Fax: +886-2-27314919.







Academic Editor: Enrico Sciubba



Received: 27 January 2015 / Accepted: 4 May 2015 / Published: 14 May 2015



Abstract:

 The energy management service (EMS) has been utilized for saving energy since 1982 by managing the energy usage of site or facilities through the microprocessor, computer, Ethernet, internet, and wireless sensor network. The development and represented function groups of EMS are illustrated in the supplementary file of this paper. Along with this tendency, a cloud EMS, named the intelligent energy management network (iEN), was launched by Chunghwa Telecom in 2011 and tested during a pilot run from 2012 to 2013. The cloud EMS integrated three service modes together, including infrastructure as a service (IaaS), platform as a service (PaaS), and software as a service (SaaS). This cloud EMS could reduce the facility cost and enable a continuously improved service for energy conservation. From the literature review, 32 selected EMS cases of whole site and single facility were chosen for calculating the energy savings and payback rate. According to the literature, the average energy savings by applying EMS are 11.6% and 21.4% for the whole site and single facility, respectively. The iEN was applied on 55 demo sites with the similar scale, the same kind of machines and approaching conditions. The testing sites include a factory, a complex building, and a residual building, 12 lighting systems and 8 air conditioning systems. According to the testing results, the average energy savings by applying iEN are 10% and 23.5% for the whole site and single facility, respectively. Comparing with the reported EMS cases, it was found that the energy savings by adopting the cloud EMS were only 70%–80% compared with those using the traditional EMS. Although the cloud EMS presented less energy savings, it revolutionized the traditional EMS by its innovative business model. Compared with the averaged 1.7 years payback period of the traditional EMS, more than 70% of the cloud EMS cases could pay back immediately for the service fees and without the equipment investment.
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1. Introduction

Cloud computing technology had a breakthrough and made revolutionary improvements to the applications of the information technology (IT) industry. In this study, how the cloud computing technology revolutionized the EMS and yielded the developed cloud EMS was studied. Before a detailed discussion, the progressing history of EMS is first illustrated. According to the database of the Science Direct on Line (SDOL) and the IEEE Xplore (IEL Online), mainly in electrical and power electronic fields, the published papers from 1907 to 2014 related to EMS number 357,030 and 26,767, respectively. Among the numerous researches, 11 representative articles were chosen to address the development of EMS. Different types of EMS and their main features developed during the past 30 years are summarized in Table 1.


Table 1. The development of the energy management service (EMS).



	
Year

	
Type

	
Feature






	
1982

	
Microprocessor based EMS [1]

	
 [image: Energies 08 04357 i001]




	
1985

	
Computerized EMS [2]

	
 [image: Energies 08 04357 i002]




	
1989

	
De-centralized EMS [3]

	
 [image: Energies 08 04357 i003]




	
1995

	
Ethernet based EMS [4]

	
 [image: Energies 08 04357 i004]




	
2000

	
Nationwide EMS [5]

	
 [image: Energies 08 04357 i005]




	
2002–2008

	
Wireless sensor network based EMS [6]

	
 [image: Energies 08 04357 i006]




	
2008

	
Energy information system (EIS) [7]

	
 [image: Energies 08 04357 i007]




	
2012

	
Architecting EMS according to ISO 50001 [8]

	
 [image: Energies 08 04357 i008]




	
2013–2014

	
IT [9], big data, data mining [10] and cloud computing technique [11] explored the trend of revolutionizing EMS to cloud EMS.











Table 1 illustrates the development of EMS from 1982 till now. The progressing trends could be summarized as: (1) from 1980 to 1990, the computer replaced the micro-processor to enhance the data processing capability; (2) from 1990 to 2000, internet communication enabled the nation-wide energy management; (3) from 2008, wireless sensors were developed for EMS; (4) from 2010, the energy information system initiated the evolution of cloud EMS. The ISO standard management, big data and data mining technology were also introduced for joint management of energy and resources; (5) from 2013, through integrating cloud computing technology, the capability of collecting and processing big data could be achieved. The developing history of EMS summarized in Table 1 actually demonstrates the revolution of cloud EMS.



2. From EMS to Cloud EMS

The evolution of cloud EMS could be illustrated schematically in Figure 1. The EMS, working within intranet, is the information system for managing the site or facilities, and connects to the database of enterprise or remote PC through the internet. Yet, the cloud EMS adopts the cloud server as the core of management and connects the specific controllers and the related sensors, such as digital power meters, through the internet for the energy saving control. The cloud structure with secured data I/O is also applicable to the remote PC or mobile phone for easy access. Energy management can be spread widely by cloud.

Figure 1. The evolution of cloud EMS.
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The main difference between the EMS and the cloud EMS is similar to that between the operating system (OS) of the traditional personal computer (PC) and the cloud APP of the smart phone or the tablet PC. The advantages of cloud EMS are: (1) shared software resources could reduce the facility cost; (2) with a cloud service, the cloud EMS could be upgraded continuously till the optimization of function. However, the disadvantage is from the normalized application layer of cloud server, because the energy management functions may not be tuned finely for the specific hardware of the distributed sites. How to promote the advantages, overcome the disadvantages and yield an evolution, i.e., a successful commercialization of cloud EMS, is the main issue in this study.



3. iEN, the Cloud EMS Developed and Deployed at Taiwan

iEN, the cloud EMS launched by Chunghwa Telecom, Taiwan in 2011, is a commercial cloud service system for energy management [12]. After one year pilot run, the Chunghwa Telecom cooperated with the academic team, Energy Technology Research Center (ETRC) of NTUT, for improving this product. The main goal of this cooperation was to overcome the disadvantage and promote the advantages as illustrated in the previous section. The modified results and the application of the improved cloud service on the distributed sites will be discussed in the following sections.


3.1. Three Integrated Service Modes of the Cloud EMS

The cloud EMS consists of three service modes, including the software as a service (SaaS), the platform as a service (PaaS), and the infrastructure as a service (IaaS). The SaaS was first demonstrated in February 2001 [13]. It is a software license and delivery model, in which the software is licensed on a subscription basis and hosted centrally on the cloud. With SaaS, the application software is guaranteed to work with hardware provided by the cloud service. The mentioned main disadvantage of the cloud EMS could be conquered by SaaS. The details will be presented in Section 3.5.

The PaaS denotes a computing platform and a solution stack as a service. In this model, the consumer could create an application or service by using the tools/libraries from the cloud service provider. PaaS provides the computing resources for application design, development, test, and deployment as well as web services.

The IaaS is a provision model in which the equipment used for services is organized. IaaS offers additional resources, such as a virtual-machine disk image library, raw block storage, and file or object storage, firewalls, load balancers, IP addresses, virtual local area networks (VLANs), and software bundles. By integrating these three service models, the service structure of iEN is illustrated in Figure 2.

Figure 2. Cloud EMS and an iEN platform, consists of three service models, i.e., SaaS, PaaS, and IaaS.
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3.2. Energy Management Functions Enabled by PaaS

As shown in Figure 2, PaaS works as the middle layer, which could provide the management of login and secured data for the energy saving management sites. Here, the iEN platform works as the core of performing energy management functions developed by the top layer of SaaS. Through reviewing the developing history of EMS, three main functions are identified for effective energy management and performed by the iEN platform as follows:


	(1)

	Energy usage and related information monitored by connecting to the gateway, digital power meters, related sensors and controllers.



	(2)

	Multi-graphic display function includes (a) real time power meter reading plot; (b) pie chart for energy usage analysis; (c) energy related sensor reading displays; and (d) statistical regression analysis.



	(3)

	Scheduling control function includes (a) setting energy saving target and scheduling on online calendar; and (b) setting time schedule and control parameters for energy saving of single facility.





The details for performing key energy management functions can be referred to Figures S1 and S2 in the supplementary file, “Key energy management functions for the effective energy savings.”



3.3. Optimized Service by SaaS

As illustrated in Section 2, the main advantage of the cloud EMS is its capability for upgrading continuously to the optimized version. The SaaS works as the core of this optimization. In this software layer, various energy saving operation models would be developed. The management structure of SaaS server is a hi-cloud system, denominated by Chunghwa Telecom. The developing program of the service platform and the database system are XML and the NoSQL system, respectively. The testing sites could also be connected with SaaS through the PaaS and IaaS for practicing energy management. The function development is achieved through SaaS as shown at the top of Figure 2.

In this study, two advanced functions, including an expert system for model-based control and a measurement and verification (M&V) system for measuring the saved energy, were developed in the layer of SaaS, and deployed by the iEN platform for testing energy conservation effects.



3.4. A new Business Model Created by the M&V System

The M&V system can measure the reserved energy under the management of cloud service. It creates a new business model for energy conservation. As shown at the bottom of Figure 2, all the equipment of cloud EMS is free of charge. Service fee is paid by the saved energy cost.

The reserved energy could be estimated according to the standard of the International Performance Measurement and Verification Protocol (IPMVP) [14]. Cloud EMS would assist users to build up enough sensing points for the calculation of energy conservation. The operation of the M&V system includes the following steps:


	(1)

	Login: users should log in to the system here.



	(2)

	Target type: choose the target type, such as company, institute, and building, for calculating the energy saving amount. At the same time, the users could choose the measuring point of energy saving efficiency.



	(3)

	Energy baseline period: according to the monitoring condition of iEN, this is a complete recording period before the application of energy saving procedure.



	(4)

	Modeling list: if there is no data for calculating the energy baseline, the program would provide the modeling method for calculating it.



	(5)

	Defined reporting period: after the application of energy saving procedure, the energy saving amount could be calculated according to the energy usage difference between the energy baseline period and the defined reporting period. This period could be short as three months, or similar to the energy baseline period. The starting point of defined reporting period would be decided based on the differential method. After the application of energy saving procedure, the energy saving effect would be manifested by the increment of differential value of energy usage. Therefore, after the application of energy saving procedure, the timing of the maximum differential value of energy usage would be the starting point of the defined reporting period.





The energy saving amount is the deduced amount of energy usage after adopting the energy saving instrument or procedure. The calculated energy saving results may include the information of energy saving amount and saved energy usage. Some details related to energy savings comparison between the sensor platform and IPMVP can be referred to our previous work [15].



3.5. Fine-Tuned Service by Expert System

As illustrated in Section 2, the disadvantage of cloud EMS may be due to the normalized application layer of cloud server. Energy management functions may not be fine-tuned to meet the specific hardware of the distributed sites. In order to conquer this situation, the expert system was developed to perform the modeling control. Based on proper model, the scheduling and related control can be tuned finely to fit the requirements of the distributed sites.

Based on the operational conditions, the expert system could simulate a simplified factory energy management system. This model treats a factory as a grey box with energy cost, E, raw materials, R, and the created product value, V. The unit of the energy cost, E, raw materials, R, and the created product value, V is US$. Referring to the optional pricing model, a modified Black-Scholes equation [16] could be used to simulate the factory energy usages by:



[image: there is no content]



(1)




If there are several products manufactured by the same factory with several raw material, the model would be enlarged as a multi-parameters one. The utilized energy could be electricity, gasoline, oil or other energy types. Three coefficients, [image: there is no content], denote the increment rates of energy consumption, material usages and product values, respectively. The coefficient, [image: there is no content], denotes the economic fluctuation of the product market.

The cloud service could gather the energy usage information automatically. By connecting to the enterprise resources planning (ERP) system, the product values and raw material usages could be obtained. All coefficients would be determined from websites, including future price, stock’s price and economic signs announced by government. With all these data, daily energy usage target can be calculated by:



[image: there is no content]



(2)




For modeling and optimization of buildings, including residential, commercial and complex buildings, the software development could refer to a review work for building optimization [17]. The algorithms of air conditioning system were modified based on the hot and humid weathers at Taiwan. The optimal energy supply of the air conditioner could be calculated by Linear Quadratic Gaussian (LQG) method. The predictive control based on mobile communication is suggested for the air conditioning energy conservation. The calculating details and smart sensors with their contribution on smart air conditioning control for providing a comfortable environment and achieving the goals of energy conservation and environmental protection could be obtained from our previous work [18].

For lighting systems of buildings, the optimization of light intensity is based on the adjustable luminance control with the feedback from the light intensity sensors distributed at the site. Not only is the light intensity, according to the Chinese National Standard (CNS) 12112 for the lighting requirement of indoor work places, the light bulb number is also required to fit a suitable indoor light intensity. The Chinese National Standard (CNS) 12112 is published by the Bureau of Standards, Metrology and Inspection (BSMI), Ministry of Economic Affairs, Taiwan. The fine-tuned service of the expert system could be practiced by an APP program to reduce the energy consumption. The example of improving the service quality by SaaS would be illustrated in Section 5.




4. Energy Savings by EMS and Cloud EMS—A Comparative Analysis

It is impossible to replace the existed EMS system of the testing site by the cloud EMS for evaluating the performance difference. Therefore, in this study, some EMS cases from the references and the demo sites of iEN with the similar scale, the same kind of machines and approaching conditions were chosen to compare the performance. The chosen principles of the testing sites for applying iEN were: (1) the type of target: whole site or single facility; (2) the building area, rooms, occupants number of whole site; (3) the scale, kind, approaching conditions of single facility. The energy savings of the selected EMS cases could be referred to the published results in Table 2 and Table 3. Those of the demo sites of iEN were collected from a two-year experiment. The comparative analysis of energy savings between EMS and cloud EMS was based on these results.


Table 2. The selected EMS cases of whole site.



	
Items

	
Contents of EMS cases






	
Sites

	
EMS integrated into the quality system of Grimstad Konservesfabrik (GK) company [19]. The company has 40 employees. The capital turnover for 1996 was 8.5 mill. EURO. It preserves fruit and vegetables. The adopted energy carriers are oil and electricity.




	
EMS for Linyun Iron and Steel Group [20]




	
EMS for fine chemistry industrial park [21]




	
Energy management in Swedish iron and steel industry [22]




	
EMS for electrical energy conservation of complex building in Saubi Arabia [23]




	
EMS integrated design for sustainable buildings [24]




	
Office equipment power management [25]




	
EMS for complex buildings [26]




	
EMS for university campus [27]




	
Intelligent decision support tool for building energy saving [28]




	
Home EMS [29]




	
Home EMS for assessing overall lifecycle [30]




	
Energy-consumption information system for home energy conservation [31]




	
Home EMS based on automatic meter reading [32]




	
Energy saving methodologies

	
1. Graphic tool; 2. Optimization; 3. Scheduling; 4. Demand response control; 5. Modeling; 6. Energy audit




	
Energy savings

	
The energy saving range of factory is 11%–29%. The saving rates of complex buildings, including the campus, are 1%–43%. The saving rates of residential buildings are 2%–9%.










Table 3. The selected EMS cases of single facility.



	
Items

	
Contents of EMS cases






	
Equipment

	
EMS for HVAC system at a shopping center [33]




	
EMS for HVAC system optimization [34]




	
Enthalpy estimation for thermal comfort control and energy saving in air conditioning system [35]




	
Neural temperature control and management system in subtropical Hong Kong [36]




	
Occupancy detection based control for HVAC system [37]




	
Optimization of HVAC system [38]




	
Behavioral pattern for air conditioning energy saving [39]




	
Energy saving potential and strategies for electric lighting [40]




	
Occupancy detection for lighting system control [41]




	
EMS development for adjustable luminance control at each location of the building [42]




	
Integration strategies between daylight and electric lighting and strategies based on the occupancy of spaces [43]




	
Lighting control technologies in commercial buildings [44]




	
Building automation and control system [45]




	
Energy saving methodologies

	
1. Graphic tool; 3. Site specific strategies; 4. Scheduling; 6. Thermal comfort control; 8. Occupancy detection; 10. Dimmer control.




	
Energy savings

	
The energy saving rates of HVAC system are 12%–32%. The energy saving rates of lighting system are 15%–32%.














4.1. For EMS Cases

From the literature review, the selected EMS cases of whole site and single facility are sorted in Table 2 and Table 3, respectively. It is noted that the energy saving methodologies mentioned in Table 2 and Table 3 are illustrated in Figures S1 and S2 of the supplementary file, “Key energy management functions for the effective energy savings”. The EMS cases, summarized in Table 2 and Table 3, majorly account their energy saving ratios, and are presented in Table S1. In additional to the mentioned energy saving effect, the payback rate is also important for the EMS performance. Several EMS cases investigating the payback rate are illustrated as follows: EMS at a meat packing facility [46]; EMS in the food and kindred products industries [46]; EMS in a fish-processing plant [47]; Large distributed EMS in a magnetic tape plant [48]; Implementation of EMS for an integrated steel plant [49]; EMS installed at the factory of Kjøttcentralen Co. [19]; and Energy audit of an industrial site [50].



4.2. For Cloud EMS Cases

There were 35 iEN demo sites, including factories, complex buildings and residential buildings, under the test of energy saving rate from 2012 to 2013. The iEN was also deployed for energy saving control on the additional 12 lighting systems and 8 air conditioning systems. These sites were chosen because their specifications were very similar with those illustrated in Table 2 and Table 3. The demo sites information (photographs), the energy management methodology and savings of factories, complex buildings, residential buildings, HVAC and lighting systems are presented in Table 4, Table 5, Table 6, Table 7 and Table 8, respectively. In Table 4, Table 5, Table 6, Table 7 and Table 8, most of the demo sites and facilities managed by cloud EMS have the obvious energy savings. Several measured energy usage data of the 35 iEN demo sites for demonstrating the variation of sites are shown in Figures S3–S6.


Table 4. Factories managed by cloud EMS.



	
Items

	
Contents






	
Demo sites

	
CNC machining factory  [image: Energies 08 04357 i009]

	
International bearing company and assembly factory  [image: Energies 08 04357 i010]

	
Chemical factory  [image: Energies 08 04357 i011]




	
Methodologies

	

	Energy usage and related information monitoring.


	SaaS expert system gives daily energy management targets by Black-Scholes model.


	Scheduling control.


	M&V system for calculating saved energy cost day by day.


	Multi-graphic display for management.








	
Energy savings

	
CNC machining factory saved 12.5% energy by improving compressed air system.

	
Assemble company saved 30% energy by management of day and night office hour energy consumption.

	
Chemical factor saved 5.5% energy by improving the heater control.










Table 5. Complex buildings managed by cloud EMS.



	
Items

	
Contents






	
Demo sites

	
Bus station  [image: Energies 08 04357 i012]

	
Complex building  [image: Energies 08 04357 i013]

	
Office building  [image: Energies 08 04357 i014]




	
Library  [image: Energies 08 04357 i015]

	
Department store  [image: Energies 08 04357 i016]

	
Store case 1  [image: Energies 08 04357 i017]




	
Store case 2  [image: Energies 08 04357 i018]

	
Store case 3

 [image: Energies 08 04357 i019]




	
Methodologies

	

	SaaS expert system adjusts chiller, package air conditioner and air conditioner settings according to thermal comfort level.


	Scheduling control.


	Optimizing luminance distribution by expert system.








	
Energy savings

	
Bus station achieved 2.3% energy saving. Others had distributed savings range from 0%–11.7%.










Table 6. Residential buildings managed by cloud EMS.



	
Items

	
Contents






	
Demo sites

	
Residual building 1  [image: Energies 08 04357 i020]

	
Residual building 2  [image: Energies 08 04357 i021]

	
Residual building 3  [image: Energies 08 04357 i022]




	
Dormitory  [image: Energies 08 04357 i023]




	
Methodologies

	

	SaaS expert system adjusts air conditioner settings according to thermal comfort level.


	Scheduling control of lighting system.


	Scheduling control of elevators.


	Optimizing luminance distribution by expert system.


	Multi-graphic reports to energy managers of buildings.








	
Energy savings

	
Whole site of residential buildings had 4.16%–21% energy savings.










Table 7. HVCA systems managed by cloud EMS.



	
Items

	
Contents






	
Equipment photographs

	
Multi-set of split type air conditioners  [image: Energies 08 04357 i024]

	
Package air conditioner case 1  [image: Energies 08 04357 i025]

	
Package air conditioner case 2  [image: Energies 08 04357 i026]




	
Chiller case 1  [image: Energies 08 04357 i027]

	
Chiller case 2  [image: Energies 08 04357 i028]

	
Chiller case 3  [image: Energies 08 04357 i029]




	
Smart home air conditioner  [image: Energies 08 04357 i030]

	
Store air conditioner  [image: Energies 08 04357 i031]




	
Methods

	
SaaS expert system adjusts air conditioning settings according to thermal comfort level automatically.




	
Energy savings

	
Air conditioners had energy savings range from 10%–30%. Chiller had energy savings range from 5.5%–18%










Table 8. Lighting systems managed by cloud EMS.



	
Items

	
Contents






	
Equipment photographs

	
Store lighting case 1  [image: Energies 08 04357 i032]

	
Store lighting case 2  [image: Energies 08 04357 i033]

	
Store lighting case 3  [image: Energies 08 04357 i034]




	
Store lighting case 4  [image: Energies 08 04357 i035]

	
Store lighting case 5  [image: Energies 08 04357 i036]

	
Store lighting case 6  [image: Energies 08 04357 i037]




	
Store lighting case 7  [image: Energies 08 04357 i038]

	
Store lighting case 8  [image: Energies 08 04357 i039]

	
Store lighting case 9  [image: Energies 08 04357 i040]




	
Office lighting case 1  [image: Energies 08 04357 i041]

	
Office lighting case 2  [image: Energies 08 04357 i042]

	
Office case 3  [image: Energies 08 04357 i043]




	
Residual building 1  [image: Energies 08 04357 i044]

	
Residual building 2  [image: Energies 08 04357 i045]

	
Factory case  [image: Energies 08 04357 i046]




	
Restaurant case  [image: Energies 08 04357 i047]

	
Hospital case  [image: Energies 08 04357 i048]

	
Conference room  [image: Energies 08 04357 i049]




	
Methods

	
Scheduling + Occupancy detection control




	
Energy savings

	
Lighting system had energy savings range from 0%–51.52%.






















5. Results and Discussion

It is interesting to compare the energy savings of sites and facilities managed by EMS and cloud EMS. The comparing results are presented in Figure 3, Figure 4, Figure 5, Figure 6 and Figure 7 for the factory, commercial and complex building, home, and single facility, including HVAC equipment and light system, respectively.

Figure 3. Comparison of energy savings of factories by applying EMS and iEN.



[image: Energies 08 04357 g003 1024]





Figure 4. Comparison of energy savings of commercial and complex buildings by applying EMS and iEN.



[image: Energies 08 04357 g004 1024]





Figure 5. Comparison of energy savings for home-type buildings by applying EMS and iEN.



[image: Energies 08 04357 g005 1024]





Figure 6. Comparison of energy savings of HVAC equipment by applying EMS and iEN.



[image: Energies 08 04357 g006 1024]





Figure 7. Comparison of energy savings of lighting system by applying EMS and iEN.



[image: Energies 08 04357 g007 1024]





The comparison of energy savings of factories in Figure 3 includes company, steel group, chemical factory, machining factory, and bearing factory. The highest energy saving effect is the bearing factory, 30%, by applying cloud service of iEN. The averaged energy savings of factory is 21.2% and 16% for applying EMS and iEN, respectively.





The comparing results of the commercial and complex building are shown in Figure 4. Those sites include EMS for a complex building in Saudi Arabia, EMS integrated design for sustainable buildings, EMS for office equipment, intelligent decision support tools for building energy saving, and EMS for convenience stores and for university campus. Sites also include iEN for a bus station, department store, office building, library and convenience stores. The site with the highest energy saving effect, 43%, is the EMS integrated design for a sustainable building. The average energy savings of commercial and complex buildings are 12% and 7% for applying EMS and iEN, respectively.



The home-type buildings in Figure 5 include home EMS, intelligent decision support tools for building energy saving, energy-consumption information system for home energy conservation, home EMS based on automatic meter reading and home EMS for assessing overall lifecycle. The sites also include iEN for three residential buildings and for a dormitory. The highest energy saving effect is the intelligent decision support tool, 9%, by applying EMS. The average energy savings of home-type buildings are 5% and 7% for applying EMS and iEN, respectively.



The energy saving control cases of HVAC equipment, in Figure 6, include the EMS for a HVAC system at a shopping center, the EMS for HVAC system optimization, enthalpy estimation for thermal comfort control and energy saving in an air conditioning system, neural temperature control and a management system in subtropical Hong Kong, occupancy detection based control for a HVAC system, optimization of a HVAC system, and a behavioral pattern for air conditioning energy saving. The cases also include iEN for multi-set air conditioners control, iEN for three package air conditioner control cases and for chiller control cases. The highest energy saving effect is, 32%, the optimization of HVAC system by applying EMS. The average energy savings of HVAC equipment are 20% and 17% for applying EMS and iEN, respectively.



Lighting systems in Figure 7 include EMS development for adjustable luminance control at each location of the building, integration strategies between daylight and electric lighting and strategies based on the occupancy of spaces, building automation and control system in commercial buildings. The other cases are iEN for a store lighting system control, iEN for office lighting system control, iEN for hospital lighting system control, iEN for restaurant lighting system control, iEN for elementary school lighting control and iEN for library lighting control. The highest energy saving effect is, 44%, the restaurant lighting system control by applying cloud service of iEN. The average energy savings of lighting system are 23% and 30% for applying EMS and iEN, respectively.

In summary, the comparative analysis results indicate that the average energy savings by applying iEN are 8.9% and 23.5% for the whole site and single facility, respectively. Those by applying EMS are 11.6% and 21.4%, respectively. Compared with the EMS cases, it is found that the energy savings of the whole site by applying the cloud service are 76% of that by applying EMS.

Even though the energy savings by applying cloud EMS are not the same as those by applying EMS, the significant contribution of cloud EMS is to provide an evaluation structure, including a M&V system. It helps users to calculate the energy savings in real-time, and creates a new business model. For the cloud energy management service, users do not need to purchase the energy saving equipment, and only need to pay the monthly service fee. The energy management related hardware and software are provided by the telecom company, such as the Chunghwa Telecom in this study. Since the equipment belongs to Telecom Company, only depreciation expenses are counted on monthly billing charged with telecom fee. If the monthly service fee is around 80% ± 5% of the saved energy cost, the cloud energy management service is recommended to keep. This is due to that the monthly service fee is almost equal to the energy saving fee. This is the immediate payback case.

Figure 8 shows the payback period of investment by applying EMS and cloud EMS, iEN. The payback range of the cases applying EMS is 0.25–2 years, with the average of 1.7 years. However, iEN, the cloud energy management service, provides a new business model, which yields the cases with immediate payback or never payback (monthly service fee >80% ± 5% of the saved energy cost). Over 70% of the specific sites and facilities are the cases of immediate payback, whose monthly service fee may return back from the energy saving fee. The major benefit of the cloud EMS is the innovation of the business model, which could cost down the energy saving service, and approach the immediate payback for the popularization of energy saving management service.

Figure 8. Payback period of investment by applying EMS and cloud EMS. The payback time of EMS is 0.25–2 years. However, the Cloud EMS, iEN, yields the cases with immediate payback or never payback (Fail cases as shown in Red bar).



[image: Energies 08 04357 g008 1024]









6. Conclusions

The development of cloud EMS demonstrated an innovative tool, iEN, launched by Chunghwa Telecom in 2011, for energy conservation. It was composed of three service modes, including Infrastructure as a Service (IaaS), Platform as a Service (PaaS) and Software as a Service (SaaS). IaaS is a provision model in which organizes the equipment used for services. PaaS offered the deployment of applications or services without the complexity of buying and managing the underlying hardware and software. SaaS presented a development platform for improving cloud service continuously. The expert system was developed for optimizing the energy saving control. Furthermore, based on IPMVP, the M&V system was included in iEN to create a new business model.

In total, 55 test sites distributed in Taiwan were effectively managed by the cloud EMS. The experimental results indicated that the cloud EMS may have relatively poor energy savings as compared with the EMS cases. However, over 70% of the managed sites and facilities by iEN are the cases of immediate payback, whose monthly service fee may return back from the saved energy cost. Therefore, the major benefit of cloud EMS is the innovation of the business model, which could cost down the service and approach the immediate payback for the popularization of energy saving management service.
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