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Abstract
Many utilities already have a Computer Maintenance Management System (CMMS) and in many cases, these utilities are challenged with the following:
1. Inaccurate data in CMMS.

2. CMMS doesn’t facilitate good customer service.

3. Field crews don’t see value of the CMMS.

4. Extensive data entry into the CMMS from hardcopy work orders.
These CMMS challenges are common and the City of Davis (City), California found an approach where it rejuvenated the existing CMMS by applying mobile technology. By leveraging mobile solutions and getting more tangible information out of CMMS, the City was able to jump start its asset management program. The following table presents the City’s challenges, impacts and mobile solutions that will be presented in this paper. 
	Challenges
	Impacts
	Mobile Solution

	1. Field crews utilizing and entering accurate data into the CMMS.
	Incomplete or inaccurate data that are not reliable to generate good performance reports to make good asset management decisions. 
	Mobile solutions will allow the field crews to enter data directly into the CMMS using mobile devices and thus eliminating redundant data entry and more accurate data captured at the time of the work orders being completed.

	2. Not having real time service requests and work orders to be responsive to customers’ requests.
	With paper service requests and work orders, it is more challenging to track customer service requests since there are delays between the work being completed and when the information are entered into the CMMS. Thus, it is difficult to give customers updates on their service requests until the data is entered into the CMMS.
	Mobile solutions allow real time assignment of service requests to field crews. It allows field crews to review customer service requests and immediately enter resolution into the mobile units, which allows customer service staff the ability to update customers. Mobile solutions also allow more accurate time stamping of when the service requests and work orders are completed. 

	3. Field crews not recognizing the value of entering information into the CMMS because they don’t see the benefits. 
	If the CMMS is predominantly as a management tool, the field crews don’t see the benefits of their efforts in completing a lot of paperwork. This will result in inconsistent and incomplete data entry by field crews. 
	With the mobile solutions, the field crews will be able to see and review any historical work orders, locate notes, view maps and inspection records out in the field that may help them with completing their assignments. The field crews will not need to reference hardcopy map books or call for a service location.

	4. Administrative staff to manually enter information into the CMMS from hardcopy work orders.
	Redundant data entry with potential errors in data. Difficult for administrative staff to interpret hardcopy notes of the field crews that results in either limited or inaccurate data captured.
	Mobile solutions allow the field crews to directly enter the data into the CMMS, thus saving time and money.


Introduction

This paper focused on agencies that have already implemented a CMMS and are expecting more out of their investments by introducing mobile solutions. This paper will also present a case study of the City of Davis, California that implemented mobiles solutions to rejuvenate the usage of the CMMS to support their asset management and sewer system management plan objectives.

Utilities recognize that the core objective of implementing a CMMS is to support their asset management goals. This paper shares our experiences in helping utilities advance their CMMS through implementing mobile solutions to disseminate the CMMS application to the field users. This paper will present the following topics:

· Current status of most utility CMMS

· CMMS goals for most utilities

· Mobile and wireless technologies
· Optimize business process for mobile solutions

· Software installations

· Configure CMMS for mobile practices

· Train and roll out mobile devices

· Results of mobile solutions

· Case study

· Conclusion
Current Status of CMMS
CMMS has played a significant role in helping utilities manage maintenance for a number of years now. Most utilities use the CMMS to manage service requests, work orders, preventive maintenance, parts inventory, labor and equipment. Unfortunately, whether the CMMS were not implemented correctly or the CMMS needs have evolved over the years, many utilities are not getting what they want out of the CMMS. The following are some potential reasons that many utilities are not content with their CMMS:
· CMMS does not support the utility’s asset management program.

· Service requests and work orders take longer to assign with paper.

· Field crews are not motivated to collect quality data on paper to be populated into the CMMS.
· Paper data collection requires manual data entry by utility staff.
· Field crews are not able to query the CMMS in the field to assist them in their work.
· CMMS does not provide reliable data to generate meaningful performance reports.
Many utilities that face these challenges are interested in looking for ways to rejuvenate the CMMS. These utilities are looking for opportunities to better use their CMMS investments. 
CMMS Goals

Most of the utilities are looking to utilize the CMMS to support their asset management program and be more efficient in their operations. By implementing mobile solutions to advance the CMMS, utilities expect to achieve the following objectives:

· Disseminate CMMS to field crews.

· Eliminate data entry by administrative staff.

· Need to apply more consistent CMMS business processes to ensure accurate data.
· Allow users to enter and retrieve information from CMMS.

· Improve efficiency in operations and maintenance.

· Allow managers to acquire reports for performance management.

· Desire to better align the CMMS to support their asset management program.

· Support waste discharge requirements to reduce overflows.

· Configure CMMS to allow overflow data required by the state’s California Integrated Water Quality System (CIWQS).
MOBILE TECHNOLOGY
With emergence of mobile technologies and the improvement of wireless connections, mobile solutions are becoming viable solutions to be implemented in conjunction with CMMS.  The two primary options for mobile technology are using handheld and laptop devices. The following table presents the features and suitable applications of the mobile technology. 

	Mobile Technology
	Features
	Application

	Handheld
	Small, lightweight and very portable.

Some have keypads for moderate data entry.

Ability to add scanning devices or features for bar coding. 

Some models are fairly ruggedized.

Most run windows mobile operating system.

Wi-Fi connection features. Not feasible for cellular wireless connections.
	Ideal for inspection and condition assessments where data entry is very limited. Configured for pull down selections will support the limited data entry. 
Parts inventory management or asset inventory management through bar coding is good applications for handhelds. 

	Laptop 
	Full functionality of a computer with full keyboard.
Some models are light, portable and ruggedized.

Large screen for visibility of applications.

Windows operating system.

Wi-Fi or cellular wireless connections.
	Ideal for mobile crews in trucks. Can be mounted into the truck for stability and security. Crews can easily enter data with the full keyboard. Most utilities will utilize laptops for their mobile solutions. 


Wireless Technology

Although applying wireless technology with the mobile CMMS solution is not mandatory, using wireless connection with the mobile devices would make the CMMS application real time. Users can choose not to apply wireless technology and use a synchronization approach but there are some significant drawbacks including non real time, potential data conflicts during synchronization and required synchronization. 

In recent years, the wireless technologies have advanced significantly where the connection speeds are fast enough now to support using CMMS mobile solutions. The two primary wireless options are Wi-Fi and cellular wireless. The following presents the advantages and disadvantages of both wireless technology options. 
	Wireless Technology
	Advantages
	Disadvantages

	Synchronize (no live connection. Manual synchronization)
	Low cost option.

Reliable without the need of any wireless connection.
	Not real time. 

Potential conflicts of data during synchronization.

	Wi-Fi (Citywide Wi-Fi networks or local Wi-Fi)
	Reliable and fast connections. 

If Wi-Fi is available, could be very economical to implement.

Ideal for small areas (i.e. plants)
	Not all utilities will have the option of Wi-Fi.
Costly option to implement for large geographic areas.

	Cellular wireless (Cellular phone carriers wireless services i.e. Sprint, AT&T, Verizon, etc)
	Ease of implementation. 
Any size utility can implement.

Fairly inexpensive to implement for smaller and mid size utilities.

Can implement the GPS technology to track location of crews for ease of dispatching. 
	Does not work well in poor cellular coverage areas.
Approximately $60/month per user. Cost for a large agency may be expensive.

Can experience slow connections. 


Wireless technology options vary from locations. A utility should select the appropriate wireless technology depending on the utility’s situation and availability of wireless technology. If the utility chooses to use the cellular wireless technology, it can add the GPS features to able to track the exact location of their crews for ease of dispatch and quicker response times. A detailed needs assessment and review of local wireless technologies will allow the utility to select the right solution. 
Optimize existing business processes

Applying mobile solutions will significantly alter the CMMS business process. It is also a great opportunity to optimize existing business processes. It is common that utilities don’t consistently utilize their CMMS and thus results in incomplete data, inconsistent information and inaccurate reports. The resolution is to establish consistent business processes and implement across the utility. The utility needs to map out existing business processes for its core CMMS functionalities. Typical CMMS functionalities are asset inventory, service requests, work orders, preventive maintenance, condition assessment, new assets, parts inventory and training. The utility needs to map out its current business processes first. The business process maps should identify processes relative to responsible groups (i.e. field crews, supervisors, managers, etc). The business process mapping should be developed through facilitated meetings with the participants. 

This is a good opportunity to extract the institutional knowledge from the retiring baby boomers and map out the business processes. It is also a good opportunity to document any operations and maintenance philosophies and program that should be established in the CMMS for consistent application. 

Once the existing business processes are mapped, the utility needs to review to identify opportunities to optimize the processes for the CMMS utilizing mobile technologies.  With the mobile devices, it is likely that field crews will retrieve and input data directly into the computer bypassing any paperwork. The following table presents some potential business process changes in implementing mobile technology.  
	Existing Business Process without Mobile Technology
	Business Process with Mobile Technology

	Manual service request. Customer service representatives capture requests on paper and dispatch field crews. Service requests are dispatched with limited information to respond.
	Real time service request in CMMS. Customer service representatives capture service requests directly into the CMMS and dispatch the field crews. Field crews can immediately review the details for the service request and respond with knowledge of the situation. Field crews can query any information in the CMMS related to the customer or asset. If Global Position System (GPS) is implemented, supervisors can identify the location of the closest field crew to respond to the service request. 

	Supervisor dispatch to all field crews. Supervisors need to call to identify location and availability of field crews to respond to service requests or emergency work orders. 
	Supervisor can identify the availability and location of field crews through GPS. Supervisors will be able to track availability and location of all field crews if GPS is implemented. Supervisors will be able to select the closest field crews to respond to emergency work orders or service requests.

	Paper work orders. Paper work orders are assigned routinely through the supervisor or CMMS administrator.
	Electronic work orders. Work orders will be assigned electronically assigned through the mobile devices without the need for retrieval of paper work orders. 

	Manual retrieval of information. Field crews need to call or return to the office to retrieve additional information to complete work orders. This will typically cause a delay in completing the service request or work order.
	Immediate retrieval of information from CMMS. Field crews will be able to retrieve information directly from the CMMS, Geographic Information System (GIS) or any electronic information directly from the mobile devices without having to return to the office. This will allow field crews to resolve the issues quicker.

	Manual check of available parts. Field crews will have to call or return to the parts warehouse to identify available parts to complete the work. 
	Identify available parts immediately. Field crews will be able to identify available quantities of parts in warehouses directly from the mobile devices. Field crews can retrieve parts without wasting time locating availability.  

	Manual data entry form paper. Completed paper service requests, work orders and preventive maintenance activities are entered by staff.
	Data entry done directly in the field on mobile devices. No data entry required by administrative staff as it will be captured directly on the computers in the field. 

	Delayed reports. Reports are not real time because of backlog of data entry. 
	Real time reports. Reports will be real time because data will be captured immediately. No backlog of data entry. 

	Inaccurate reports. Reports are inaccurate with inconsistent or incomplete data collection.
	Accurate reports for decision making. Reports are accurate and consistent because data are real time and up to date. 


In most cases, the utility will either identify changes in their business processes to more effectively utilize its CMMS.   This is typically accomplished through several facilitated workshops. The recommended modifications to the business processes should be mapped as the optimized business processes. These mapped business processes will be used for the CMMS configuration and training. 
CMMS Installation
With mobile technology, there are several options for software installation. The solution depends on the software and server technologies. The following presents the advantages and disadvantages for each CMMS distribution option.

	CMMS Installation
	Advantages
	Disadvantages

	Local  - Installation of CMMS on local mobile devices. 
	Lower costs because there is no need for servers. 
	CMMS needs to be installed on all mobile devices which can be very time consuming, especially during upgrades. 

	Terminal server – Installation of CMMS on terminal server
	Ease for installation of CMMS. 
Flexibility to easily expand. 
	Speed can be an issue when have too many users. 

May be slow for GIS or large maps to render. 

	Web server – Installation of CMMS on web server
	Quicker and less expensive than terminal server.

Web enable so doesn’t require any software implementation.
	Can be slowed down if the connection is through the utility’s infrastructure.

	Software As Service (SAS) – Remotely hosted CMMS
	Faster than web server and terminal server because it doesn’t need to connect through the utility’s infrastructure to get to the internet.

Low cost solution for small to mid size utilities.
	Slower when connected on site versus locally hosted.

Not as cost effective for large utilities.


ADVANCE CONFIGURATIONS
When implanting mobile technology, often the CMMS needs to be configured and optimized for mobile solutions. Even though some mobile technologies allow more extensive data entry, we always recommend that the CMMS is configured to minimize field data entry where ever possible. For example, crews can be pre-populated with labors and equipment for ease of selection. Work order types can be linked to routine labor, equipment and parts that are used frequently. Preventive maintenance programs can be optimized to have multiple assets assigned to a preventive maintenance to minimize data entry for each asset. Hydrant inspection or valve exercising are good examples of preventive maintenance activities that should have multiple assets associated to one preventive maintenance work order. Preventive maintenance programs need to also consider work flow during optimization. 
One of the reasons that CMMS users often complain about the ineffectiveness of their CMMS is because it is incorrectly configured. It is typically not because the CMMS is incapable of meeting their requirements but rather that it was never properly configured to serve their goals. The CMMS will be configured based on the previously established asset management goals, integration strategies, business processes and performance management. It is important to configure the CMMS to be able to generate performance management reports to support good asset management decisions. 

Before physically configuring the CMMS, the utility needs to develop a list of configuration requirements. These requirements need to specific to the expectations and outputs of the CMMS. Once established and accepted by the users, the CMMS should be configured and tested by the project team. It is important to test the configuration prior to roll out to the entire team. Often, it may take several configuration iterations before the CMMS is ready for the users. If the CMMS is rolled out with the new configuration before it is properly tested, the users will encounter errors and loose confidence in the CMMS which may lead to challenges in getting users acceptance.
TRAINING & ROLL OUT

Training the users on the new technologies, business processes and configurations are critical for a successful implementation of mobile solutions. With the mobile technologies, the business processes are usually changed significantly where the users are entering and retrieving information on the CMMS directly on their mobile devices in the field. 

Adequate training of all the key users is critical to effectively implement the CMMS. Training is meant to educate the trainees on how to use the CMMS application and to instill consistent business processes that were established. Often, field crews may not have gotten adequate training in the original CMMS implementation and may be unfamiliar with computers and the software. Some of the users may not have been with the utility during the original CMMS training and implementation. This training process allows an opportunity to refresh the importance of the utility’s asset management program and CMMS. Proper training should be two to three week for each user group. 

An effective training should incorporate the CMMS training with the business processes. The users need to learn how to use the CMMS and to apply the business processes for consistency. The training can either be led by the project team or with the software vendor. It should not be a stand alone software training without the business processes.  

RESULTS

From our experience, we have found that utilities that have implemented mobile solutions to rejuvenate the utility’s CMMS have realized the following results:

· Field crews are now very engaged with the mobile devices and CMMS. We often hear statements such as “…we can imagine working without the CMMS and mobile devices…”
· The data captured are better quality and more comprehensive because they are entered directly by the field crews, who now see the immediate benefit of capturing quality information.

· Utilities have streamlined their business processes and are providing better service levels to their customers. (i.e. much quicker response and resolutions times)

· Most utilities have gain efficiency in completing their work in the field (i.e. ability to retrieve historical asset information or locate parts directly from the CMMS)

· Managers are able to get meaningful performance reports to manage the crews.

Case study

The City of Davis (City), California is a city that serves over 60,000 population and located in northern California. The City had implemented a CMMS about 5-6 years ago but was not realizing all the benefits from their CMMS investments. Realizing that they need to rejuvenate or reimplement their CMMS, they considered reimplementing through using the mobile solutions. The City completed a year project where they have successfully implemented mobile solutions and reimplemented their CMMS. Based on the City of Davis’s project on advancing their CMMS through implementing mobile solutions, we have identified key challenges and solutions to the issues. 
	Challenges
	Solutions

	Field crews and users were not using the CMMS. Crews were given paper work orders to complete. 
	Provided field crews with laptops and wireless connections to access the CMMS. The field crews worked with electronic work orders and eliminated paper work orders.

	Field crews were not able to query CMMS reports and performances.
	Mobile devices along with wireless connections allows field crews to query any information from the CMMS that may be historical work orders, asset information, condition assessment and reports. Accessibility of all this information allows them to make more information decision and helps them complete their work. In the past, they may have had to call in or return to the office to acquire necessary information to complete the work. 

	Field data were collected through paper and inputted into the CMMS by administrative staff. 
	Field crews entered data directly in the field and eliminated the need for additional data entry by administrative staff. 

	CMMS were not configured to support asset management.  
	During the configuration of the CMMS for mobile, it was also configured to support asset management program. For example, mandatory fields were established for age and cost to allow the asset manager to forecast funding requirements for the assets. Costs of all CMMS activities were captured to calculate the true lifecycle cost of asset ownership. 

	CMMS were not configured to support the state’s new Waste Discharge Requirements (WDR).
	Reconfigured the sanitary sewer overflow module to capture most of the required fields in the state’s California Integrated Water Quality System website. Field crews are able to collect SSO data directly on the CMMS with their mobile devices. 

	Management could not retrieve meaningful reports to measure performance. 
	The implement of mobile solutions and configuration of the CMMS resulted in more accurate, comprehensive and timely data to allow managers to retrieve performance management reports. They don’t have delays in data entry and reports were real time. Field crews were more conscious in the accuracy of data capture in the field. 

	Quality of data varied and incomplete.  
	The reimplementation of the CMMS focused on the business processes and that quality of data that were captured which resulted better and more consistent data capture. Supervisors had to review and close all service requests, work orders and preventive maintenances. Incomplete data will not be closed and be returned to the field crews to complete. 

	Parts inventory in their financial system were not synchronized with the CMMS parts inventory and consequently, field crews had to manually enter parts and costs to each work order and preventive maintenance.
	Parts inventory from the financial system were imported and will continue periodically with part details and costs into the CMMS. Parts inventory list were available for field crews to pick for the work orders and preventive maintenance. This allowed the cost of activities to be calculated.  


CONCLUSION
CMMS user requirements have evolved over the years to support asset management. Increased expectations from customers, regulations, financial and management have required CMMS to be able to increase it functionalities and purposes. Many utilities have found that their CMMS are not serving their current needs and are looking for ways to reimplement or rejuvenate their CMMS. With the advent of the more reliable and faster wireless connections and decrease in mobile devices, it is becoming feasible for utilities to consider applying mobile solutions to the CMMS. Through out implementation experiences, we have found significant benefits from utilizing mobile solutions to rejuvenate the CMMS and support the utilities’ asset management goals. Utilities have experience significant improvements that include the following:
· Efficiency in business processes.

· Reliable real time data.
· Accessibility of information from the field. 

· Accurate reports for performance management.

· Receptive users and support for the CMMS.
Through our experience with numerous utilities, including the City of Davis have benefited from the implementation of mobile solutions with the CMMS. 

