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Project Executive Summary

Florida State University is one of the largest universities in the country, and with any institution, there are many costs associated with operations and maintenance. One of the largest costs that most students or alumni do not associate with a University is the cost of energy to run a campus of this scale. FSU spends close to $30 million a year purely on energy and they even control their own 15kV distribution system. For senior design, our team was asked to help reduce this cost by implementing a Demand Side Management (DSM) system in the Dirac building on campus.
As technology progresses at a high rate, one sector that has been behind the curve is the power utility. In the past few years, pressure has been put on utility users to cut down energy costs and reduce environmental impact through new technology. One of the new concepts that have been introduced is DSM, which incentivizes customers to reduce energy at peak times. The traditional utility plan used peaking power plants to adjust for energy consumption throughout peak times. Through DSM, customers try to better control their load through the use of energy efficient technologies and Demand Response (DR). 
Through DR, customers curtail their energy use during peak hours to mitigate increased rates. While not all customers understand that there are different energy costs associated with periods of the day, large utilities are trying to even their load through highly inflated rates during peak hours. Another tactic to lower energy cost, is to install more energy efficient technologies. Customers can avoid paying higher energy rates purely by choosing more energy efficient devices and lighting. New technology being developed, both inside and outside the power sector, has a large contingency built around energy efficiency. It can be seen in the home, with energy star appliances, as well as in commercial practices, through the development of more energy efficient mechanical equipment.  
The design team has employed various methods of DSM to lower and even out the energy use of the targeted buildings.  The goal for the team was to design a system, that when installed, will see finical return within a span of 7-8 years. Through economic analysis, one should be able to forecast the financial benefits of the system depending on local rate tariffs and different incentives that are provided through Tallahassee Utilities. The system is able to store data points, which are captured through a Siemens control system, to analyze efficiency and environmental impact. 
The end product is a DSM system that saves the University money, lowers their environmental footprint, and provides a model for other buildings across the campus. 
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1 Introduction

1.1 [bookmark: _Toc275189922][bookmark: _Toc417035579]Acknowledgements
The design team would like to thank Dr. Omar Faruque and Mr. Jim Stephens for their contributions so far to the project. These individuals have given the team much needed guidance and instruction on various aspects of the project. Mr. Stephens is supplying the team with the funds as well as industry guidance. Dr. Faruque has also been helpful with guidance and technical support. The team would also like to thank the University for allowing the use of Dirac Library for our project implementation. 
1.2 [bookmark: _Toc275189923][bookmark: _Toc417035580]Problem Statement
This project is to design, implement, and evaluate a demand side management program for the Dirac Library building on the Florida State main campus. This project has collaborated directly with the FSU Utility department in order to implement a solution that mitigates the demand of power for the buildings mostly during the peak energy usage times. The main goal of this project was to create a design specifically tailored to the Dirac Science Library that substantially lowers energy use not only during peak demand, but possibly have an energy use average that is lower than the current average. 
The number one priority of this project was to reduce the energy costs associated with running the University. The University has a multi-million dollar annual budget for the utility bill associated with electricity. The University is looking into ways to shave this bill down. The utility tariff that FSU is currently on must be taken into account when designing the Demand Side Management system. The design team has been tasked to implement a DSM scheme and plan for further renovations in the Dirac Library building. There are a few items that must be considered in the design of this system: critical loads in each building, the current systems implemented in the buildings along with the systems’ capabilities, and a way to capture and store relevant data. 
A few different techniques were employed to decrease the overall energy use throughout the two buildings. Using the existing Siemens system in place, there are many different ways to approach a solution. The system can be used to control various loads that are in the building such as water pumps and large ventilation fans. Other loads that can be included in the system could be classroom components, computers, and vending machines. Other non-central solutions can also be employed such as motion activated lighting. The Siemens system uses Power Process Control Language (PPCL) for programming the different functions of the DSM design. 
[bookmark: _Toc275189924][bookmark: _Toc417035581]1.3 Operating Environment
Some of the existing components of the Siemens system are housed in the same rooms as the water pumps and the air handlers. This is a dry room that is weather protected and stays a steady temperature throughout the year. Any equipment placed throughout the building will be in a climate controlled environment. Equipment should still be fairly sturdy/reliable, as equipment control rooms are often only checked on average once every three months. The team made sure that all products implemented are stored in their recommended operating environment. 
1.4 [bookmark: _Toc275189925][bookmark: _Toc417035582]Intended Uses and Users
The DSM design needs to contribute to cost savings in the utility cost aspect of running the university. It is intended to reduce the costs attributed to energy usage. It will ensure that the total peak demand charge is lower each month by implementing a DSM design in Dirac. The system has the capability of monitoring and recording data such as energy usage throughout the day, temperature in the different rooms and spaces, occupancy, lighting levels and CO2 levels throughout the building.
 This system will be maintained by people with the proper experience and the end user/implementer will be a knowledgeable engineer with experience with the FSU Siemens system. There will be no one working on the system without the proper authority or know-how.
1.5 [bookmark: _Toc275189926][bookmark: _Toc417035583]Assumptions and Limitations
Assumptions: The first assumption the design team has had to make is that the tariff rate FSU is currently on will not change its basic structure. The rates may go up; however, this should not affect the design at all. Any major electricity tax breaks or breakthroughs in the efficiency of natural gas could lower price, however utility companies are often monopolies within their respective area with little incentive to do so. When writing a program, the writer usually assumes that the data received is correct. This is not always the case. For example, a temperature sensor could constantly read 75 deg F or could read 100 deg F. The program will make assumptions based off of the readings at the given time even if they are incorrect. Any issues similar to this must be fixed as quickly as possible. 
Limitations: There are quite a few limitations that had to be considered. For starters, the buildings environment must be maintained. The users of the building want a nice, comfortable environment to work and learn in. The university gets a 7.5% discount on the energy bill for not generating power itself, which eliminates the viability of using renewable energy sources, namely wind and solar with regards to FSU. Another limitation is the supercomputer in the Dirac building. This computer is often making computations for various scholars at the university and is considered a critical load. Not only does the supercomputer have to remain properly powered, but the room it is housed in must have the proper temperature and ventilation. 
1.6 [bookmark: _Toc275189927][bookmark: _Toc417035584] Expected End Product and Other Deliverables
The end product required a system that adapts to a given set of inputs and mitigates the peak demand on a daily bases to reduce the costs attributed to energy use by the university. This design will ensure that no critical loads are affected and that the Quality of Life in the buildings will be maintained. The University has taken the steps needed to implement our design. We have provided all documentation of our design, and will turn in all journals of work completed over the period of design.
2 [bookmark: _Toc417035585]System Design
[bookmark: _Toc417035586]2.1 Overview 

Figure 1 - Top Level Block Diagram of Design
The diagram above shows the top level design of the system. We have utilized the existing Siemens system to integrate and control the different components of the system. The CO2 sensors are connected to the system to determine the current atmosphere in the building. The ventilation fans and water pumps are connected to variable speed drives whose speed will be controlled by the Siemens system through the use of electronic dampers. The motion and lighting sensors are also attached to the Siemens system. The Siemens system ties into the existing lighting system in Dirac. 

[bookmark: _Toc417035587]2.2 Major Components of System
[bookmark: _Toc417035588]2.2.1 Sensors
There are a few different types of sensors that are utilized in the design. Each sensor is responsible for collecting the necessary data used for determining occupancy and lighting need. This data will be sent to the Siemens system and analyzed to react to changing building environments. 
There are two main types of sensors utilized in the buildings: CO2 and motion sensors. The CO2 sensors are duct mounted and measure the concentration levels of the return air to the air handler units in ppm. The range of most CO2 sensors go from 0 to 2000 part per million. 
Motion sensors are installed in the hallways and other sparsely populated areas throughout the buildings. CO2 sensors are installed in the return air ducts which will allow for proper measurement of CO2 levels in the building.
[bookmark: _Toc417035589]2.2.2 Motors and Motor Control
The ventilation motors and water pumps need to have the ability for more precise control. This will provide a few different benefits for the system. The system is able to curtail the power usage of the motors by adjusting for the needed ventilation requirements based on the data received from the sensors throughout the building. Prior to the start of the design project, the capability of variable speed drives were added to all existing motors in Dirac. However, there were no CO2 sensors attached to the return air ducts, thus proper control of variable speed drives was not able to be achieved.
[bookmark: _Toc417035590]2.2.3 Lighting
The lighting system in the buildings utilizes fluorescent fixtures. While fluorescent fixtures are fairly energy efficient, there can be an energy savings if the lighting used LED technology instead of fluorescent. LED lighting has the benefit of less power consumption while having a similar light output. This option will need to be implemented by the FSU Utilities department. The LED lighting renovation will hopefully be implemented as individual lights start to go out. LED lights are able to be installed into existing fixtures, mitigating the need to purchase new ballasts unless current ballasts break.
The needed lighting in the different areas of the buildings can also differ. This is where the motion sensors tie into the lighting system. If there are no occupants in a room or area, then the lights in that room or area have no reason to be on. Additionally, if there is ample natural lighting in the area near windows, the lights have no reason to be on.
[bookmark: _Toc417035591]2.3	Subsystem Requirements
[bookmark: _Toc401305462][bookmark: _Toc275189967][bookmark: _Toc417035592]2.3.1 Subsystem: Variable Frequency Drives
[bookmark: _Toc401305464]The purpose of utilizing existing variable frequency drives is to reduce power being consumed by the drives by adjusting to the demand in real time. This is accomplished by reducing the speed of the motor. This greatly reduces the total energy consumed by the electric motors. 
[bookmark: _Toc401305467]2.3.1.1 Interface Variable Frequency Drives with Siemens System
[bookmark: _Toc401305469][bookmark: _Toc401305470]The system must be able to interface with the current Siemens system in order to control the variable speed drive and to write software to correspond with demand on the system. 
[bookmark: _Toc401305472]2.3.1.2 Monitoring Software for Variable Frequency Drives
[bookmark: _Toc401305474]Monitoring software is used to determine the speed and energy usage of the drive throughout the day. This will allow accurate readings in order to analyze the cost savings and monitor the hardware to ensure proper functionality.
[bookmark: _Toc401305477][bookmark: _Toc275189968][bookmark: _Toc417035593]2.3.2 Subsystem: Load Scheduling 
[bookmark: _Toc401305479]Load scheduling can be used to mitigate peak demand costs as well as serve as a tool to create a more even load. One will need to observe which non- essential tasks that are performed throughout peak demand can be scheduled for times when the load is less. The various loads that can be on a specific schedule such as some lighting or computers will be shed at appropriate times. Another design aspect is to shift the large loads in the building to non-peak hours. When the peak energy usage of the day approaches, the system should also react in a way to ensure the peak is mitigated effectively. This would reducing ventilation fan speeds if possible.  
[bookmark: _Toc401305492]2.3.2.1 Software for Load Scheduling
[bookmark: _Toc401305494]Software must be implemented to track and communicate with the different loads throughout the buildings. This software will be on the Siemens system. The loads include all motors (ventilation fans, any motors). This will allow a flexibility as to when the loads will be shed or brought online. 
[bookmark: _Toc275189969][bookmark: _Toc401305497][bookmark: _Toc417035594]2.3.3 Subsystem: Thermal Storage
[bookmark: _Toc401305499]Thermal storage tanks are a financially responsible and efficient storage option for energy. This will allow for storage of energy in the form of cold water during off peak times and use of the stored energy during peak times. This would dramatically improve energy costs since energy use during peak times can be attributed to a multitude of buildings needing to maintain their indoor environment. As stated earlier, peak energy use is a substantial portion of FSU’s energy bill. While the adding of a thermal storage tank to Dirac has been removed from the scope of this project being implemented due to time needed to approve the huge structures which would potentially prove an “eyesore” at the heart of FSU’s main campus, it is still a viable option and could be considered in the future not only for Dirac, but also for the many buildings on the FSU campus.
[bookmark: _Toc401305507]2.3.3.1 Scheduling of Storage
[bookmark: _Toc401305509]The times at which the water in the tanks can be stored and then released to maximize the reduction of energy usage must be analyzed and set. The times will change based on a preset “Peak Limiting Demand” variable in the Siemens system, a preset KW/Hr value which can be compared to total power used by the building.
[bookmark: _Toc401305512]2.3.3.2 Software and Interfacing with Thermal Storage 
[bookmark: _Toc401305514]Software must be implemented to monitor the condition of the storage tank. Some relevant information from the thermal storage tank would be: water temperature, water level, and flow rate. Sensors for each of these data points must be implemented to work with the Siemens system. The Siemens system must also be able to communicate to the thermal storage system when to engage.
[bookmark: _Toc401305517][bookmark: _Toc275189970][bookmark: _Toc417035595]2.3.4 Subsystem: Lighting Renovation
[bookmark: _Toc401305519]Lighting renovation will make a significant impact to both off peak and peak loading of the building. The lighting renovation will provide a reduction in overall energy usage as well as provide a demand charge reduction due to a lower peak.
[bookmark: _Toc401305527]2.3.4.1 Adding Lighting/Motion Sensors
[bookmark: _Toc401305529]Motion sensors have been added to decrease lighting needs throughout the building. This is done throughout all areas, as lights are left on even at night when the cleaning crew is not in the area and the library is closed. The motion sensors are designed to be connected to the current Siemens system and mimic current lighting plans, keeping the amount of rewiring needed to a minimum.
[bookmark: _Toc401305532]2.3.4.2 Control of Lighting
[bookmark: _Toc401305534]The lighting is controlled through turning off the lighting when areas of a building is not in use or there is adequate lighting from natural outdoor light. The motion sensors are utilized in order to determine occupancy in certain areas of these buildings. When a person is detected, the lights should automatically come on. After there is no movement for a certain amount of time, in our case 15 minutes, the lights should shut off automatically. Photon sensors will be used to determine the lumens in particular areas of interest. When the photo sensors detect enough light (which the value will be based on the NEC requirements or >500 lumens of natural light), the lights in that particular zone will be shut off. 
[bookmark: _Toc401305562][bookmark: _Toc275189972][bookmark: _Toc417035596][bookmark: _Toc401305563]2.3.5 Subsystem: Ventilation Control
[bookmark: _Toc401305564][bookmark: _Toc401305565]Ventilation control creates a cost saving impact for the building. One must consider many different components for comfort level in the building, but if the approach is sound, then it can provide an economic impact. 
[bookmark: _Toc401305567][bookmark: _Toc401305569]2.3.5.1 CO2 Sensors for Ventilation Control
Installation of CO2 sensors in addition to the Variable Frequency motors installed in the previous sections are an important part of our cost savings. These CO2 sensors will provide data to determine the amount of airflow required. The speed of the fans can be varied to maintain the minimum airflow requirements.
2.3.5.2 Electronic Actuation of Dampers
The dampers in Dirac are currently pneumatically operated. This type of operation does not allow for precise control of the airflow in the vents to certain areas of the buildings. With the addition of electronic actuators, the control of airflow in different parts of the building can be specifically adjusted. This installation ushers in many new possibilities for climate control savings in the building.
[bookmark: _Toc401305577]2.3.5.3 Monitoring Software for Ventilation Control
[bookmark: _Toc401305579][bookmark: _Toc401305580]Software is implemented to track and monitor the data that will be produced from the Siemens system pertaining to ventilation and atmospheric conditions in the building. This allows for efficiency improvements by adjusting to the pertinent data produced by the Siemens system. This also allows real time updates to the Siemens system for immediate action to reduce the demand of the building. 


[bookmark: _Toc417035597]2.4 Performance Assessment
[bookmark: _Toc417035598]2.4.1 Overview
The main way to test if our system meets the needs is to perform an economic analysis. Since the scope of our project is limited to the design phase, a true analysis of performance has depended on the installation speed of electricians hired through Siemens to install system hardware. Although not installed until late in the semester, early assessment shows that our design will pay itself off over a time-frame of well under 7 years, our goal.
To determine whether a part should be implemented, you can:
1. Analyze the amount of power that a specific component will save over the course of each average month (taken from average data from last few years), the peak power difference on average should also be analyzed.
2. Calculate new costs based off of new peak and total power estimate
3. Subtract new costs from old costs to determine power saved over an average month.
4. Estimate how long system will take to pay off itself – if time is <7 years, then the technique is viable.
To analyze the savings from an already implemented system, simply compare the total power usage before a system was implemented to power usage after a system was implemented, then calculate the savings from the standard FSU rate plan.
Based on the equipment that has been installed, there are some changes that need to be addressed with system to increase performance. There are a few curtain sensors that were not installed, but instead, celling sensors were installed over the bookcases. This is not going to give the efficiency that the project was expecting because it will pick up motion in a nearby hallway.  Also, the ambient light sensors have not yet been installed, and this issue needs to be brought up to the Siemens staff. The installed hardware has been collecting data, and although still at an early stage the ROI seems to be on par with expectations.
[bookmark: _Toc417035599]2.4.2 Subsystems
[bookmark: _Toc417035600]2.4.2.1 Sensors
A few different sensors have been utilized. As of now, the sensors are not tied into any actual system that effects the building. They are only be connected to the Siemens system in order to collect data. This data will then be used to properly simulate the cost savings of the installed system.
 The motion sensors need to measure motion in individual areas. When motion is detected, the associated lights in that area will be activated. After a certain amount of time of no activity in an area, in our design 15 minutes, the lights will be deactivated. Installed sensors collect data which has allowed the team to determine when the lights would be on or off during periods throughout the day. This rudimentary data has been utilized in a simulation to define the cost savings attributed to the motion sensors. 
The CO2 sensors measure the CO2 levels in the building. This ties into the Siemens system which will determine if the supply air duct motor for the building needs to be activated. The supply air duct moves air into the building to displace the amount of CO2 present. By analyzing the current control algorithm for this system, the team has examined the efficacy of the new algorithm with the included CO2 sensor. This has allowed the team to measure the difference of the utilization of the supply air duct motor with the old and new algorithm. This will also be one of the main factors in determining the actuation of the various supply air dampers in the building. This has permitted the team to inspect the cost saving benefits attributed to the CO2 sensors.
[bookmark: _Toc417035601]2.4.2.2 Control
All of the different sensors being installed in Dirac will be tied into the Siemens system. Based on the readings from these various sensors, the Siemens system must react accordingly. The data will be used in order to efficiently control the lighting and HVAC loads in the building. For example, if the CO2 data is approaching its threshold, the supply duct motor speed can be ramped up for a small amount of time. As this motor is pumping fresh air into the building, the CO2 sensor will be measuring the air in the return duct. If the return duct air still has an increase in CO2, then the system can speed the motor up a bit more. If the CO2 sensor detects a decreasing amount of CO2, the motor can be slowed. This will allow costs savings attributed to the supply duct motor. The motion sensors can also be tied into the ventilation system as well. If a certain area is unoccupied, the damper can be adjusted to attenuate the airflow. This, in turn, will allow the supply duct motor speed to be curtailed. The performance assessment of the control system will be tied into the performance assessment of the individual sensors. This performance assessment will give a better overall understanding of the cost savings attributed to the system as a whole. 
[bookmark: _Toc417035602]

2.5 Design Process
Large decisions that were made in the design process are as follows 
· Decided on what modifications in the building is the most viable and cost-effective:
· Motion Sensors in sparsely populated areas
· Photo Sensors by windows
· Duct-mounted CO2 sensors
· Algorithm to control all of the loads as efficiently as possible
· Slowly install LED lights able to connect to working ballasts as old lights die out
· Based on schedule and cost constraints the following design features were left out of the project but may still be viable future options for the DSM system
· Water Tank Storage
· Solar

The design process for this project became a large cost to benefit to time ratio problem. While the group began with many ideas for the system that could help change load properties, ideas such as a water tank energy storage system, had to be left out because of time constraints on the project. Solar power was not a cost effective way to implement energy savings on the system but may become cost effective as the price of solar cells decreases. Additionally, the FSU utilities department receives a 15% discount from the power company for not generating any electricity of its own. Regulation and policy change may fix this in the future, but for now the power company wants to be the sole provider of power to Tallahassee. With these constraints, the team still found innovative ways to reduce cost and shed load with motion sensors, CO2 sensors, and control algorithms. 
[bookmark: _Toc417035603]2.6 Overall Risk Assessment
[bookmark: _Toc275189992][bookmark: _Toc403506755]The risks for this project have been outlined and many of the hurdles that were presented did occur. The main risk that had to be dealt with and overcome with was the installation risk. When the group embarked on this project, they knew that getting a whole system designed and installed would be a difficult task because of the lengthy process of installation. While installation was planned for the December time frame, final installation was not complete until the first week in April. While this was obliviously not planned, the group was ready with software simulation of a DSM system to mimic real loads in the library and present simulated savings. The group also attained an actual damper, CO2 sensor, and control board to program, test, and show at the Senior Design Fair. 
More risks that are still being addressed to the customer are equipment damage and software failure. The curtain barriers that were installed on the sliding bookcases were installed in such a way that a student may think they can be used as a handle to move the bookcase. While the installation does meet the need of sensing motion in the bookcase area, it will be brought up that there may be a better way to mount the sensor (such as mounting the sensor on a nearby support beam). Software failure, or at least a software adjustment, needs to be addressed as well. The curtain sensors hardware as installed has an extremely short delay currently incorporated, which is leading to ineffective population data currently being collected. These risks have been presented to the customer and will be addressed with Siemens. 
[bookmark: _Toc417035604]2.6.1 Technical Risks:
[bookmark: _Toc275189993][bookmark: _Toc403506756]2.6.1.1 Installation Risk
Risk: Modifying/replacing the existing electrical system will involve handling building main lines, as well as disconnecting/connecting new wires for equipment. These lines are deadly, so only someone who has been trained and licensed as an electrician should handle the building power system. Installation of new sensors could involve the use of power tools, which if improperly trained can prove dangerous to the user or bystanders. Modifying systems can involve the use of a ladder, which could lead to falling injuries if improperly used. Equipment that has not been properly installed could also pose a fire hazard.
Solution: We have contracted out an electrician to perform building installation with the FSU utilities department. Familiarize ourselves with the National Electric Code (NEC) when planning our design. Get design signed off by the FSU utility department in-house professional engineer. Read safety manuals before using ladders/power tools.
[bookmark: _Toc275189994][bookmark: _Toc403506757] 2.6.1.2 Equipment damage
Risk: Modifying/replacing existing power system components in buildings could cause power outages/surges in power that could damage critical loads. Many of these loads are expensive to replace, additionally there is a supercomputer in the Dirac building, which if damaged would disrupt experiments and destroy potentially useful data. There is also the possibility that equipment could become damaged and fail over time, costing the school more money. This is a serious risk because equipment rooms are checked at an average of once every three months. 
Solution: Model solutions extensively before implementation, including surges/high loads being introduced in order to test how the system will react. Get the professional engineer at FSU to review and sign off on our system design. Study which loads can absolutely not be affected by demand side management, and which we can modify. We will make sure to get sturdy components which have good ratings, as well as create a monitoring system that can let engineers know if something is faulty. The FSU Utilities department also as a last resort has controls engineers with years of experience who should be able to tell if equipment is behaving incorrectly, monitoring the entire system for possible defects and spikes in power usage.

[bookmark: _Toc275189995][bookmark: _Toc403506758]



2.6.1.3	Software Failure
Risk: Although not technically “physical”, software malfunctions could cause equipment damage, as well as increase utility cost. 
Solution: Create a number of test cases for software in simulation stage. Prove that all algorithms/programs written are invariant. 
[bookmark: _Toc275189996][bookmark: _Toc403506759]2.6.1.4 Quality of Life (QOL) risks
Risk: Modifying the HVAC system could pose the risk of lowering the quality of life in the buildings. Modifying the system to do more cooling in the morning could lead building users to be uncomfortably cool or hot. Modifying the speed of the fan could lead to the build-up of excess CO2, which could lead to building users getting headaches or feeling tired, in extreme situations even leading to unconsciousness and death. Even in minor cases this is unacceptable, as university buildings need to be conducive to learning and studying.
Solution: Monitor building temps, provide safeguards in software to keep temperatures from going out of an acceptable range, provide manual override in the case of faulty sensors. Use CO2 sensors to monitor levels of the gas, adjusting fan speeds accordingly to provide proper building ventilation.
[bookmark: _Toc275189997][bookmark: _Toc403506760][bookmark: _Toc417035605]2.6.2 Scheduling Risks
	At this point in the project, all of the goals that the team was hoping to accomplish have been completed to some degree. While some of the installation did not provide the optimal zoning of the library, the finished product still is able to produce accurate enough data to determine the amount of savings available through the implementation of DSM. Some of the components of the design that were cut out of the scope, such as the thermal storage tank, could still be implemented if FSU utilities feels the need, but projects such as this would not be overseen by the design team. While the design team’s part in the process is completed, there is still a large variety of options for extending the design that could be undertaken by FSU.
[bookmark: _Toc403506762][bookmark: _Toc417035606]2.6.3 Budget Risks
	As we have received final quotes from Siemens for the installation costs of their equipment, risks for going over budget drop to near nil. Due to focus shifting to Dirac, which had already had variable speed drives installed but not configured, this cost drops out of our budget, leaving our final budget payoff to be 5.65 years, well under the goal of 7 years. This allows us a lot of leeway with the total amount of power we are saving. Additionally, amortized costs will be lower than this due to an overall gradual rise in energy costs, which would provide additional savings, as we did not factor estimated energy cost increase into our budget.
[bookmark: _Toc417035607]

3 Design of Major Components
[bookmark: _Toc417035608]3.1 Sensor 
[bookmark: _Toc417035609]3.1.1 Sensor Interface
Sensors interact with the current Siemens system that is implemented throughout the FSU distribution network. There are already over 800,000 data points on the system, and with the addition of these sensors, the team has added on more pivotal data in order to have an accurate DSM program. These sensors provide feedback on the Siemens system, which is then be sorted and sent to a controller that will be able to implement it on the algorithms that has been designed to shed and shift loads. 
It was necessary to purchase hardware that easily and accurately interacts with the Siemens system. These data points will be used to keep building and living conditions in a specified range, that are crucial to both the occupants and the building administration. Therefore, post-installation sensor levels must be monitored to make sure that all sensors are operating properly.
The group will has worked with the Controls Engineer at FSU Utilities to create code on the Siemens system, using some of Siemens’ proprietary code, to sort the data into useful components. This means accurately laying out system level design blocks to be implemented, by their Controls Engineer, once the sensors are installed. The code has been tested and reviewed with the design requirements to ensure accuracy. 
[bookmark: _Toc417035610]3.1.2 Sensor Hardware
3.1.2.1 PLC-MULTIPOINT CELESTIAL SELF-CONTAINED AMBIENT LIGHT SENSORS MK7-B SERIES
Light sensing can be a useful tool to mitigate lighting need where ambient lighting varies throughout the day. By analyzing lighting levels when an ample amount of lumens is detected, the system is able to shut off the additional lighting. The MK7-B Series is a self-contained sensor that has a variable output voltage based upon the amount of ambient light detected in the specified area. It uses and analog signal to transmit the amount of light currently present in a location to a remote input point at the building’s automation controller. The hardware uses a photo-diode that provides precise data at a variety of lighting levels. It is factory calibrated and has an output signal of 0-5, 1-5, 0-10, 1-10 VDC. The three different types of this model are indoor, outdoor, and skylight. 
The risks associated with this hardware include inaccurate sensing because of positioning, infringement light into photo sensor from outside source, and breakdown of circuitry. The initial placement of this hardware is important to ensure that it gets accurate readings of outside light for both the first and second floors. To correct this placement was chosen so that infringement of items that may reduce or increase the amount of light into the photodiode does not occur. 
[image: ]
Figure 2 - Ambient Light Sensors
3.1.2.1 Motion Sensors
Installing motion detectors such as the ones depicted can be beneficial for monitoring the activity in a certain room or corridor, and can be used to control either the lighting or HVAC systems serving those areas. It was determined by the design team that motion detectors can be implemented in the sparsely populated areas of the buildings such as the bottom floor of Dirac where there is mainly storage for book stacks. Using the motion sensors in this area would tie directly into the lighting and also works with the central Siemens system to adjust due to lighting needs. While they are not the main element in determining building occupancy, they can be used to alter the lighting schedule and reduce the power consumption in the vacant areas of the buildings.

3.1.2.2.1 Enforcer Curtain Barrier Sensor
The Enforcer Curtain Barrier sensor is a motion sensor that is best utilized when installed in doorways, windows, or fences. It detects motion passing through a specific barrier and triggers when any one or two adjacent beams have been broken. This makes the application suitable for the rolling stack bookcases in Dirac Library. This motion sensor will trigger when someone uses these rolling bookcases and will act as an indicator to turn on the overhead lighting. They use a multi-frequency system to allow for multiple detectors to be placed in close range. They are constructed from a rugged aluminum, which will allow for a long lifetime in the library. The range for indoor use is 50 [ft] and is available in five different sizes. 
There are some risks associated with using this hardware. One of the main risks would be the curtain of sensing not being broken upon entry. This could happen if not every entry point to the library book stacks is not included with sensors or if the area of the curtain is not large enough. Some other risks include breaking down of hardware, incomplete maintenance, and in accuracy of sensing or time delays.
After installation of the sensors on the moving book stacks, a third risk was identified, uninformed patrons using these sensors as “handles” to move the book stacks. These should be clearly marked with signage to prevent this from happening.  
[image: ]
Figure 3 - Beam Sensors

[image: ]
Figure 4 - Practical Applications for Beam Sensors
3.1.2.2.2 WattStopper’s WT Ultrasonic Ceiling Sensors
The WT Ultrasonic Ceiling Sensor is a motion detector that can be used to detect motion in a specific designated region from being mounted above. It works at 32 KHz frequencies in a variety of models to control lighting in a many different applications. The sensor utilizes omni-directional technology that will trigger lighting control when occupancy is detected then toggle again when the specified delay has been reached. The circuitry for the detector is designed to filter out moving air noise and check for small cyclical changes found in turbulent air to prevent false triggering. Its listed applications are for office spaces, restrooms, and storage areas. It also offers the option to control large open room space in portioned areas and can be configured into zones. The range of this sensor offers up to 2200 ft2 of detection zones and can also be applied to hallways. It offers LED indicator lights and adjustable DIP switches to change time delay and sensitivity. The time delay can span from 15 seconds to 30 minutes and is temperature and humidity resistant. 
The major risk of this hardware is the in accuracy of sensing area. This motion sensor works as a seek and destroy sensor, in that it will always be searching for change in frequency of the signal. This means that the appropriate area of sensing must occur and that it is calibrated for the correct area and zone. Since multiple of these sensors will be located near one another, each with its own zone of control, the possibility of one failure affecting the other is high. This means that routine maintenance and verification of accuracy must be performed diligently to insure multiple pieces of hardware failing. 
[image: ]
Figure 5 - Ceiling Sensor
3.1.2.2 Duct Mounted CO2 Sensors - Siemens QPM2100

Duct Mounted CO2 Sensors are a great option for providing analysis of the carbon dioxide in a certain area due to occupancy. These duct-mounted sensors are mounted in the return air ducts for a specified air handler unit, and allow detecting for the need for additional airflow. These can be helpful tools to reduce use of HVAC systems and will allow for accurate and safe ventilation of rooms and certain areas. 
The Siemens QPM21 series Indoor Air Quality Duct sensors can analyze CO2 and volatile organic compound concentrations, relative humidity, and temperature. The sensor measures the CO2/VOC concentrations and outputs it as a 0 to 10 Vdc or 0 to 5 Vdc linear proportional signal. For models with humidity monitoring, a capacitive element changes capacitance relative to the humidity levels in the return air. This capacitance is then interpreted through an electronic circuit and then transforms the humidity signal to a continuous 0 to 10 Vdc or 0 to 5 Vdc signal that corresponds to a relative humidity range of 0 to 100%. For models with temperature monitoring, room temperature is determined with a sensing element that changes electrical resistance as a function of the temperature. The resistance is converted to an active 0 to 10 Vdc or 0 to 5 Vdc output signal that corresponds to a temperature range of 32°F to 122°F or -31°F to 95°F.
The risks associated with this hardware would be inaccurate reading due to calibration, inappropriate placement of hardware, and circuitry failure. This hardware must be maintained so that inaccurate readings are caught early to ensure that proper airflow ventilation occurs in rooms. Break down of hardware could affect the quality of life in multiple rooms, so it is extremely important that readings are looked into and quick verification of data occur routinely. 

[image: ]
Figure 6 - CO2 Sensors
[bookmark: _Toc417035611]3.2 Storage Tank 
[bookmark: _Toc417035612]3.2.1 Storage Tank Interface
NOTE: The storage tank will be analyzed for feasibility in future projects. 
The storage tank that could be implemented on the DSM system will be done to shift load from peak hours to off-peak hours. The Siemens system will be used to monitor levels of the storage tank and the necessary output for the AC chillers. The Siemens system will also have to implement the scheduling of load that will be output from a controller.  
The storage tank will have to accurately send data to the current Siemens system such as temperature, level of water, and water output. This may require more sensors in order to accurately receive the necessary to schedule loads around peak times. 
The Siemens system will also capture data that will be pertinent to energy and economic analysis in order to make the system as efficient as possible. The output of the storage tank will be integral for the economic analysis of the system, as it will show the benefit of shifting load from peak to off-peak hours and leveling off the load throughout the day. 
[bookmark: _Toc417035613]3.2.2 Storage Tank Hardware
[image: ]Using some form of thermal storage would help with peak shifting by using slightly more load during the off-peak hours in order to curb the usage when demand and prices are high. One example of this that has already been implemented at the AME building near the College of Engineering is the use of chilled water storage tanks. Installing these tanks provides the ability to store chilled water during off-peak hours when the energy cost is low. Once this water is stored, it can then be used to supplement the air handlers during peak hours to reduce the amount of supply cold water being used. In a scenario where one of these tanks would be installed, it would be necessary to calculate the flow rate during the peak hours for the building in order to determine the capacity needed depending on how long it is desired to supplement the water usage. For example, the Dirac building averages a water usage of approximately 200 gallons per minute under normal conditions. Assuming that during peak times this increases by roughly 15%, this creates a 30 gpm peak in usage. Since the peak occurs for roughly two hours on a daily basis, the required capacity to offset this peak would be 3600 gallons. This value could be altered to increase or decrease the amount of water supplemented, or to alter the length of time the tank would be used. The main limiting factor for this option would be the space concern. If the buildings were separated from main campus this would not be an issue, but since space is limited the available areas would need to be analyzed to determine if a tank could fit without a major disruption to the flow of foot or vehicle traffic in the area. The option to use thermal storage tanks was decided to be the best option for peak shifting. This was compared with using energy storage through photovoltaic production and it was decided that thermal storage would be the option. The rationale for this decision hinged on the facts that the efficiency of photovoltaic arrays do not make them a cost effective option, and the savings that FSU receives through an agreement to not generate any of its own power. The main factor that still remains for whether or not this can be implemented is the space necessary to install the tanks. If it is determined that one or both of the buildings has adequate room to house the tanks then they can be implemented as an efficient way to shift the daily peak.Figure 7 - Example of Storage Tank

[bookmark: _Toc417035614]3.3 Motors 
[bookmark: _Toc417035615]3.3.1 Motor Interface
The variable speed drives interface accurately with the current Siemens system. The motor output are controlled by the Siemens system and are driven by control algorithms that are based on integral gain of CO2 levels. 
It is essential to have extremely accurate data points on this system in order to be able to meet the needs of the building. This means that the data the is being received by the CO2 sensors mentioned in the previous system will also be providing information for the controller to output different controls of the variable speed drive based upon building usage. 
The variable speed drive data will also be used for analysis. The Siemens system will be able to capture the data necessary for economic and energy usage analysis. This analysis will also allow for corrections and efficiency changes in the future based on changes in the building or changes in the energy rate tariffs. 
[bookmark: _Toc417035616]3.3.2 Motor Hardware
Variable frequency drives can be used in a wide array of applications when it comes to demand side management. A synchronous motor’s speed is determined by the frequency of the alternating current supplied to it, given by:

Where  is the speed in revolutions per minute of the motor, f is the supply frequency (60 Hz for most American applications, and n is the number of poles on the motor. Additionally, there are Affinity laws for pumps that relate the variables for pump performance such as shaft speed, head, and flow rate to the power consumption and capacity for the pump. These laws state that running a motor at 50% of its full speed can reduce the power consumption by 12.5% of the full power. Since the motors used in the air handlers, water pumps, and supply fans are some of the main consumers of energy for the two buildings, installing variable frequency drives and regulating the speeds of these motors based on the demand is one of the most effective ways to respond to the peaks in consumption. Virtually all of the motors in the Dirac library have variable control, so this building would only require the system to control the speeds for these motors throughout the course of the day. However, the Shores building contains mostly fixed speed motors, so there would need to be an upgrade to the existing system in order for this option to be implemented. However, for a 40 horsepower motor, of which there are two in the Shores building, the power consumption running at full load would be approximately 30 kW. This means that a 30% reduction for one of these motors would result in a 9 kW usage reduction. Assuming that the reduction would occur for two hours during the peak times each day, this would result in a reduction of over 6,500 kWh per year.
3.3.2.1 Taco-HVAC Advantage 61
[image: ]Figure 8 - Taco HVAC Advantage 61

[bookmark: h.ci7krx2dranw]Features:
· Under load and overload detection and alarm.
· Low flow detection.
· 1 to 900 HP 3-phase 380-480V
· Graphic screen with customizable display
· Optional application card for multiple pump system control
· Continuous, real-time display of operating parameters of the motor.
Using a variable speed AC drive such as the Taco-HVAC Advantage 61 would allow for the motors in either building to be controlled both in the mechanical rooms and from the central utilities plant. The graphic display simplifies the user interface and can be programmed for different modes of operation. This device has been interfaced with the existing Siemens system to allow for remote control of motor speeds from the central utilities plant. Using a variable speed drive also provides a one size fits all approach to regulating pump speeds in that it can be used with motors ranging from 1-900 HP, which covers all of the pumps that would need to be modified. This drive is also a good choice for this application due to the application card allowing for control of multiple pumps, allowing for fewer numbers of drives requiring purchase.
[bookmark: _Toc417035617]









3.4 Lighting Design
[bookmark: _Toc417035618]3.4.1 Lighting Interface
The lighting system must be able to accurately interact with the current Siemens system. It is pivotal that one be able to monitor and use the data points already on the system to schedule lighting loads and track efficiency. 
The lighting loads have been monitored on the Siemens system in order to provide economic analysis of replacing the current bulbs with LED bulbs. As the old bulbs brake and are replaced by LED bulbs, one should be able to see the change in load accordingly. This will allow for simple economic analysis of load scheduling. 
The data points on the current system will also allow for scheduling of lighting per the buildings usage. The Siemens system already has data points implemented that will help schedule but one will also use the motion sensors outlined in the previous section to turn on and off lighting based upon occupancy of rooms. The system captures the data points used to track this information for economic analysis. 
The scheduling of loads are done from algorithms that have been engineered based on hours of the specific building/rooms, motion sensors, and occupancy. A controller will be responsible for implementing the designed algorithm with the data captured form the Siemens system. 
[bookmark: _Toc417035619]3.4.2 Lighting Hardware
NOTE: The Lighting Hardware will be analyzed for feasibility in future projects. 
Another option available for overall power reduction in the Dirac building would be updating the lighting throughout the inside and outside of the buildings. This is a way to reduce not only the peak, but also the energy usage during off-peak hours. Most of the current fixtures are using fluorescent bulbs, which use approximately 25 W per bulb. In a three bulb lamp this translates to a 75 W usage if the lamp is fully on. There are currently available LED replacement tubes that can produce a comparable light output while using approximately 18 W per bulb. This means that for every three bulb lamp there would 21 W reduction per lamp. Assuming roughly 1000 lamps per building, this would result in a 21 kW reduction assuming mainly three bulb lamps or 14 kW reduction assuming mainly two bulb lamps. This reduction would affect both the peak and off-peak hours and generally lower the load on the building. It is safe to assume that not all of the fixtures in the buildings will have three bulbs, so the actual reduction would fall in the mid-teens kW range. However, due to the current costs of LED bulbs, this option may not be suited to immediately take effect. Rather than going through the buildings and demolishing the existing lights to replace with newer ones, it may be a better strategy to implement this as the current fixtures reach the end of their life cycle. Delaying the implementation of this option also allows for technological advancements to either lower the price of the LED bulbs and fixtures or to increase their efficiency. Historically, the price for LED bulbs has been decreasing steadily, so when it comes time to replace the currently installed fixtures with their LED counterparts, the overall length of time required for the savings to recoup the installation cost will be even shorter.
[bookmark: _Toc417035620]

3.5 Software Design	
For this project, there are several pieces of software that need to be integrated into the hardware we are creating to properly save the correct amount of power. Among these include monitors for CO2 levels, software to control motion sensors for lighting, and software to control overall building temperature to decrease total building power usage and shift loads. This section provides the basic code that will be controlling the hardware. Software is written using PPCL, a language used by Siemens to control all of their power systems hardware.
[bookmark: _Toc417035621]3.5.1 Temperature Control Software
Temperature can be controlled through several different ways to reduce overall system load. Temperatures can be brought down in the building in the morning in the summer – the time of the biggest use of power – in order to shift load from the middle of the day when peaks will occur. When a certain load limit is hit, programmed in PPCL as the global variable $PDL (peak demand limiting point), or it is off-peak hours, then temperature will be allowed to drift. This can be done through an conditional loop and changing temperature set points. This temperature can’t be allowed to drift too much, as humidity levels can increase leading to mould growth on books. 
10	C IF THE PEAK LOAD LIMIT IS HIT THEN LET DRIFT ELSE IF SYSTEM IN NIGHT MODE THEN 	LET DRIFT ELSE 	HOLD CONSTANT
20	IF (DIRAC.GE.@PDL) THEN DIRAC.TEMPSETPOINT.LOW = 66 ELSE IF 	((MONTH.GE.5.AND.MONTH.LE.4).OR.(DIRAC.NGTMODE)) THEN 	DIRAC.TEMPSETPOINT.LOW = 68 ELSE DIRAC.TEMPSETPOINT.LOW=70
30	C SET HIGH POINT SAME AS LOW POINT
40	IF (DIRAC.GE.@PDL) THEN DIRAC.TEMPSETPOINT.HIGH = 74 ELSE IF 	((MONTH.GE.5.AND.MONTH.LE.4).OR.(DIRAC.NGTMODE)) THEN 	DIRAC.TEMPSETPOINT.HIGH = 72 ELSE DIRAC.TEMPSETPOINT.HIGH = 70

[bookmark: _Toc417035622]3.5.2 Lighting Software	
Software is also needed to control the motion sensor devices that we are installing. This will consist of passive and active detection software, with passive software consisting of sonic detectors and active consisting of motion sensors. When a person is detected, lights in the zone of detection will activate for 15 minutes. Additionally, if lighting levels are high enough by window zones, all window zones will turn off. Zones that are turned off will still have emergency lighting as is required by the state. From the controllers POV, the sensor is in a state of Occupied, or OCC, for the 15 minutes, or Unnocupied, or UNNOC otherwise. Software also controls the lighting based off of photon sensors near windows. These sensors will detect the number of lumens at a point near the windows. If the number of lumens detected is < 500 lumens + the number of lumens emitted from the lights, taken by reading the light levels at the sensor at night.

10	C CODE TO CONTROL THE LIGHTING SENSOR FOR ONE ZONE, CALLED Z1
20	IF(DIRAC.PHOTONSENSOR1.GE.(500+@LIGHTINGLEVELATNIGHT) THEN OFF(DIRAC.LIGHTING.Z1) ELSE IF(DIRAC.MOTIONSENSORS.Z1.EQ.OCC) THEN ON(DIRAC.LIGHTING.Z1) ELSE OFF(DIRAC.LIGHTING.Z1)


3.5.3	Variable Speed Drive Software
We will need software to monitor the speed of the variable speed drive. This will be done by regulating the level of electronic dampers attached to the air ducts, which regulate the level of static pressure in the system, controlling the VSD motor speed in order to regulate the amount of CO2 levels. Too high of a CO2 level can lead to headaches, fainting, even death, whereas a level that is too low is unnecessary and will waste electricity. While a level of ~1000 ppm is desirable for ASHRAE (American Society of Heating Refrigerating and Air Conditioning Engineers) standards[1], much higher levels are allowed under OSHA standards, although with levels of discomfort 5,000 ppm is the max accepted over a 8 hour period [2].  Siemens PPCL software makes regulating this level extremely simple. There is a built-in integral gain algorithm meant for controlling electronic damper levels, to regulate the amount of CO2 in a building, called LOOP. This level is modified if the Peak Limiting Demand (PDL) level is reached
10	C CODE TO CONTROL THE ELECTRONIC DAMPER USING INTEGRAL GAIN ALGORITHM
20	IF(DIRAC.GE.@PDL) THEN                   	LOOP(0,"DIRAC.AHU1CO2SENSOR","DIRAC.AHU1DAMPER",1500,1000,200,0,2,50,0,100,0)
	ELSE LOOP(0,"DIRAC.AHU1CO2SENSOR","DIRAC.AHU1DAMPER",1000,1000,200,0,2,50,0,100,0)

3.5.4	External Water Tank Software
Although an external water tank is not currently being installed into Dirac, one may be installed in the future, and to take advantage in the savings in power that one can provide, we wrote software to open up the water when a peak limiting demand, known in the system as @PDL, is hit.
10	C CODE TO CONTROL CHILLED WATER STORAGE
20	IF(DIRAC.GE.@PDL)  THEN ON(WATER_TANK_DRAIN)
[bookmark: _Toc417035623]




5 Test Plan
Once all of the components are installed in the building it may become necessary to perform tests that validate whether or not the components are operating correctly individually if strange data arises, to test that the system as a whole is functioning properly. The main criteria used to determine whether or not it will be required to test the components will be the data collected by the Siemens system. Since the individual components have been furnished and installed by Siemens, it is initially assumed that all of the components and the system as a whole will function in the desired manner. If the data that is being collected shows abnormalities for data readings or unexpected values for certain areas, it may become required to perform tests to make sure the data being collected are accurate. In this case, the following tests can be administered to determine whether the design is operating correctly.
[bookmark: _Toc417035624]5.1 System and Integration Test Plan
To determine the overall functionality of the system, it may be necessary to test whether or not the individual blocks are successfully communicating with the rest of the system. The criteria necessary to determine whether or not these tests are needed is the data collected by the Siemens system. If it is noticed that some of the data seem abnormal compared to the expected value, the subsystem or individual components will need to be tested. The first step in validating the correct operation and interface of the systems will be to observe the occupancy data collected by the various sensors. If this data seems to be off, it could imply that the sensors are relaying their information back to the system incorrectly, or that the components are malfunctioning. These issues would need to be addressed by examining the wiring between the component and the terminal box to ensure the correct connections, or testing the component itself to determine if it is accurately collecting data. In addition to ensuring the correct interface between systems, it will be necessary to ensure that the zones created through the placement of the motion detectors have a full coverage of the areas being studied. Additionally, it is preferred that the zones of detection have a small amount of overlap to ensure that there will not be areas left dark in between the zones of detection. While this is not a likely problem to occur, if these type of situations are reported to the utilities office, the zone coverage can be tested during times of limited occupancy by having one of the team activate the various zones in the building via the motion detectors while other members observe the readings from the Siemens system. In the case of individual component failure, more specific test plans will be followed as laid out in the following sections.
[bookmark: _Toc417035625]5.2 Test Plan for Major Components
Due to the large number of inputs for this system, it may become a necessity to test the individual sensors at some point if the data being collected seems to be inaccurate. If this is the case, the following tests can be performed to validate the functionality of each of the various types of the sensors. These tests can either be performed on the sensor individually by removing it from the system to be tested, or can be performed while the sensor is still embedded in the system by monitoring the data through the Siemens system. The test reporting sheets for each of the individual components are included in Appendix C.
[bookmark: _Toc417035626]5.2.1 Ceiling Occupancy Sensors
The ceiling occupancy sensors comprise the bulk of the inputs to the control system, and therefore are the main producers of data. If it is deemed that one or more of the sensors is inaccurately recording data, tests will need to be completed to determine the functionality of the sensor. These tests will include determining the sensing capability and the range of detection for the sensor. To determine whether or not the sensor is correctly collecting the input data, motion can be produced in the sensors detection area. The output can then be measured to determine if the sensor is producing an output when motion is detected. To test the range of the sensor, motion can be produced at varying distances until the sensors no longer registers the movement, thereby determining the effective range of the sensor.
[bookmark: _Toc417035627]5.2.2 Curtain/Barrier Motion Sensors
In the event that the curtain motion sensors are found to be functioning improperly, it will be necessary to test the basic functions of the component to determine if they are correctly gathering the required data. The main functions that would need to be tested would include the detection of movement within the beam and lack thereof outside of the beam, along with the linear distance between the transmitter and receiver. The first item would be to ensure that the sensors are correctly recording motion. For these sensors, it is required that the only motion they sense is in the beam between the transmitter and receiver. Therefore, the test would need to ensure that any motion in between the two is detected, while motion outside of the beam is ignored by the sensors. Additionally, the distance between the transmitter and receiver has a maximum range of 50 feet when in an indoor application, so it would be necessary to measure the distance between the two and determine if it is within the acceptable range for proper operation.
[bookmark: _Toc417035628]5.2.3 Photo Sensors
The photo sensors in the building will be used to determine the ambient light level for areas of the building that are near natural light sources such as the windowed areas on either side of the second floor. If it is determined that the analog output from one of these sensors is inaccurate, it will be necessary to perform test to ensure their correct operation. The sensor will need to be subjected to a light source of varying intensity and the analog output will be observed. For correct operation, it is required that the analog output will vary proportionally with the intensity of the light input at the sensor. Additionally, the base point for the minimum light level required will have to be determined to ensure that the areas are receiving enough light at all times. This base point will also show the precision of the sensor readings.
[bookmark: _Toc417035629]5.2.4 CO2 Sensors
The duct mounted CO2 sensors are used to measure the return air carbon dioxide levels for the air handlers in both the first and second floor mechanical rooms. The data collected by these sensors should give an approximate representation of the occupancy levels for each of the floors. If the data being collected seems abnormal, it will be necessary to verify the correct operation of the sensors. The test for this process will be quite similar to the test for the photo sensor due the similar analog outputs. The sensor will need to be subjected to various carbon dioxide concentrations and the analog output will be observed to determine if it is varying correctly according to the CO2 concentrations. The sensor is required to vary the analog output proportionally to the concentrations found in the input, and the base point for the maximum allowable CO2 levels present will need to be determined to see how precise the data collected by the sensor are.



[bookmark: _Toc417035630]5.2.5 Software Testing Plan
Since no new revolutionary algorithms were employed in the development of this project, testing software presented a fairly easy task. The FSU Utilities Department provided a working Siemen’s apogee controller with which to play around on. Using a usb-serial converter one is able to plug the controller into any computer with a USB port, communicating serially through the use of a terminal simulator to the controllers DOS-like interface. Using this interface the software we wrote was programmed to the controller. Virtual "control points" are easily created through the same terminal, by forcing these points we were able to test the program as an independent module and see if it was controlling the system to our specifications. As was mentioned earlier, due to the simple nature of PPCL and the fact that we weren't implementing any new algorithms, the tests proved our algorithm successful.
[bookmark: _Toc417035631]5.3 Summary of Test Plan Status
Software written to simulate various conditions of the controls system has been written. Hardware sensors have for the most part been installed in Dirac as well. However, at this point it is assumed that the sensors supplied and installed by the Siemens staff will function according to the requirements specified for the design. The testing checklist below will be used in the case of any equipment malfunction or problems in the interface of the subsystems.
[bookmark: _Toc417035632]5.3.1 Testing Checklist
(Use blanks rows below as they become needed)
	Component/ System
	Zone(s)
	Date, Pass/Fail
	Date, Pass/Fail
	Date, Pass/Fail

	Ceiling Occ Sensor
	
	
	
	

	Curtain Sensor

	
	
	
	

	Photo Sensor

	
	
	
	

	Duct CO2 Sensor

	
	
	
	

	

	
	
	
	

	

	
	
	
	

	

	
	
	
	


5 [bookmark: _Toc417035633]Results
Once a sufficient number of sensors had been installed, the team was able to collect occupancy data on the first and second floor of the Dirac Science Library. Data was taken over a two-day period from April 9th, 2015 and April 10th, 2015. Of the 46 sensors that were installed in Dirac, the team was able to gather data from 28 of them. Some of the other sensors, mainly the beam sensors found on the first floor by the moving book stacks, were not properly configured. The sensors were programmed to send a binary one if the sensor was activated. Once the person that activated the sensor moved out of the beams sight, the sensor then immediately sent a binary zero to the Siemens system. This is very different from the other sensors which determine whether a zone is occupied on a fifteen minute basis. 
[image: ]
Figure 10 - Data Received from a Beam Sensor
[image: ]
Figure 11 - Data Received from a Properly Configured Sensor

Figure 10 shows how the beam sensors were configured. They basically sent real time data to the Siemens system based on whether or not the beam was broken. If the beam was broken, the system recorded a one at that time. Once the beam became unbroken, the system recorded a zero for that time. This is different than the sensor data seen in figure 11. As can be seen, the shortest period that a sensor registered a one was fifteen minutes. This configuration for the sensors allowed recording of meaningful data. This data was then translated into cost savings for the library. Below are is the data collected in an easy to understand format. 
[image: ]
Figure 12 - First Floor Occupancy Data by Sensor

[image: ]
Figure 13 - Second Floor Occupancy Data by Sensor

From this data, the team was also able to calculate the total energy savings over these two days. Since the amount of time on and off was known for each sensor, the team was able to calculate the total kWh saved. This number came out to be around 270kWh for only two days. If the data from the book stacks was included in the calculation, the savings would have probably been close to 600kWh for those two days since the book stacks are rarely used. This calculates to about $38000 savings over 7 years. Another note is that this is only from a small set of data. If the data included the weekend, the trends seen in figure 12 and figure 13 would most likely be off. The savings on the weekends have the potential to be much higher since students are less likely to visit the library. 
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Figure 14 - Gantt Chart

Due to the previous change in the overall scope of the project were able to achieve project goals, successfully achieving the desired energy savings. We have developed a system and testing plan, and due to the rapid final installation of sensors by Siemens, we were able to get a few weeks of data from the motion sensors for analysis on how much energy the total project will save. There is still budget risks, parts could fail and need to be replaced, and KW/H hours could drop dramatically, but this is extremely unlikely due to the increased interest in clean energy regulation by the federal government as well as the nature of the power company having a monopoly on energy in the city. Although we decided to focus efforts on Dirac, and forego installation of water tanks due to the timetable not permitting a proper analysis of our design, our project can further be implemented by the utilities department and other student groups. In fact, as of writing this the manager of the utilities department said after viewing our budget that we worked out he has decided to install more water tanks around other parts of campus, as he has seen their cost reduction potential. 

Team Member Key
	Member
	Key

	Patrick Dawson
	A

	Dallas Perkins
	B

	Matthew Streich
	C

	David Gonsoulin
	D



	Task
	Subsystem
	Title
	Team Member(s)
	Expected Completion Date
	Skills and Knowledge

	1
	
	Project Management
	A
	4/15/2015
	Leadership, Planning, Communication

	2
	
	Research
	Mainly D
A,B,C to a lesser extent
	11/29/2014
	Reading Comprehension, 
EE background, search engine use

	3
	
	Design
	A,B,C,D
	1/19/2015
	Simulation Software, Critical Thinking, Power Systems, Programming

	
	1
	Variable Frequency Drives(VFD)
	B,C
	11/27/2014
	Power Systems,
Software

	
	1.1
	Interface VFD with Siemens system 
	C
	11/5/2014
	Software

	
	1.2
	Monitoring Software
	C
	11/9/2014
	Software

	
	2
	Load Scheduling
	B
	11/15/2014
	Power Systems

	
	2.1
	Identifying Loads to be shifted
	B
	10/31/2014
	Observation

	
	2.2
	Shift Loads
	B
	11/15/2014
	Power Systems

	
	3
	Lighting Renovation
	A,B,C
	1/1/2014
	Spatial Analysis, Budgeting, Wiring, Software

	
	3.1
	Updating Lighting 
	A
	12/20/2014
	Budgeting, Wiring

	
	3.2
	Adding Lighting Motion Sensors
	B
	12/1/2014
	Spatial Analysis, Wiring

	
	3.3
	Lighting Control
	C
	1/11/2014
	Software, Wiring

	
	4
	Ventilation Control
	A,C
	12/31/2014
	Software, Power Systems, Wiring

	
	4.1
	Installing CO2 sensors
	A
	12/2/2014
	Power Systems, Wiring

	
	4.2
	Cooling of Buildings during Off-Peak Hours
	A,C
	12/25/2014
	Software

	
	4.2.1
	Monitoring Software
	A,C
	12/31/2014
	Software

	4
	
	Implementation
	A,B,C,D
	4/1/2015
	Programming, Wiring, Simulation Software(SIMULINK), Power Systems

	
	1
	Simulation
	D
	1/31/2015
	SIMULINK

	
	2
	Review of Simulation
	B,C,D
	2/5/2015
	Power Systems

	
	3
	Physical Implementation
	A
	4/1/2015
	Wiring, Power Systems

	5
	
	Integration into Siemens System
	B,C,D
	3/17/2015
	Electrician skills, Software Interfaces

	
	1
	Hardware Connections
	School-contracted electrician
	3/1/2015
	Electrician skills

	
	2
	Interface Hardware into Siemens System
	B,C
	3/5/2015
	Software Interfaces

	
	3
	Add extra controls software
	C,D
	3/17/2015
	Software

	6
	
	Analysis
	A,B,D
	4/1/2015
	Data mining, Budgeting, 
Environmental Science

	
	1
	Economic Impact to University
	A
	1/15/2015
	Budgeting

	
	2
	Future Savings
	B
	1/17/2015
	Budgeting

	
	3
	Analyzing Environmental Impact
	D
	1/1/2015
	Environmental Science

	
	4
	Measure Efficiency of Installed System
	A,B,D
	4/1/2015
	Data Mining

	7
	
	Documentation
	A,B,C,D
	4/5/2015
	EE background,
Programming(for psuedocode), Technical Writing

	
	1
	Course Reports
	
	4/5/2015
	Technical Writing, EE Background, Programming


[bookmark: _Toc417035635]Included below is the schedule from the first Milestone report for comparison.

Team Member Key
	Member
	Key

	Patrick Dawson
	A

	Dallas Perkins
	B

	Matthew Streich
	C

	David Gonsoulin
	D



	Task
	Subtask
	Title
	Team Member(s)
	Due Date
	Skills and Knowledge

	1
	
	Project Management
	A
	4/15/2015
	Leadership, Planning, Communication

	2
	
	Research
	Mainly D
A,B,C to a lesser extent
	11/29/2014
	Reading Comprehension, 
EE background, search engine use

	3
	
	Design
	A,B,C,D
	1/19/2015
	Simulation Software, Critical Thinking, Power Systems, Programming

	
	1
	Variable Frequency Drives(VFD)
	B,C
	11/27/2014
	Power Systems,
Software

	
	1.1
	Interface VFD with Siemens system 
	C
	11/5/2014
	Software

	
	1.2
	Monitoring Software
	C
	11/9/2014
	Software

	
	2
	Load Scheduling
	B
	11/15/2014
	Power Systems

	
	2.1
	Identifying Loads to be shifted
	B
	10/31/2014
	Observation

	
	2.2
	Shift Loads
	B
	11/15/2014
	Power Systems

	
	3
	Thermal Storage
	D
	12/4/2014
	Power Systems,  Thermodynamics,
Spatial Analysis

	
	3.1
	Analysis of possible locations of tanks
	D
	11/11/2014
	Spatial Analysis

	
	3.2
	Scheduling of Storage
	D
	12/4/2014
	Thermodynamics, Power Systems

	
	4
	Lighting Renovation
	A,B,C
	1/1/2014
	Spatial Analysis, Budgeting, Wiring, Software

	
	4.1
	Updating Lighting 
	A
	12/20/2014
	Budgeting, Wiring

	
	4.2
	Adding Lighting Motion Sensors
	B
	12/1/2014
	Spatial Analysis, Wiring

	
	4.3
	Lighting Control
	C
	1/11/2014
	Software, Wiring

	
	5
	Photovoltaics
	B,C,D
	1/19/2014
	Software, Power Systems, Energy Storage, Renewable Energy Planning, Budgeting

	
	5.1
	Scouting Possible PV locations
	D
	10/31/2014
	Renewable Energy Planning

	
	5.2
	Analysis of Economic Impacts
	D
	12/15/2014
	Budgeting

	
	5.3
	Monitoring Software
	B,C
	1/19/2014
	Software, Power Systems

	
	6
	Ventilation Control
	A,C
	12/31/2014
	Software, Power Systems, Wiring

	
	6.1
	Installing CO2 sensors
	A
	12/2/2014
	Power Systems, Wiring

	
	6.2
	Cooling of Buildings during Off-Peak Hours
	A,C
	12/25/2014
	Software

	
	6.2.1
	Monitoring Software
	A,C
	12/31/2014
	Software

	4
	
	Implementation
	A,B,C,D
	4/1/2015
	Programming, Wiring, Simulation Software(SIMULINK), Power Systems

	
	1
	Simulation
	D
	1/31/2015
	SIMULINK

	
	2
	Review of Simulation
	B,C,D
	2/5/2015
	Power Systems

	
	3
	Physical Implementation
	A
	4/1/2015
	Wiring, Power Systems

	5
	
	Integration into Siemens System
	B,C,D
	3/17/2015
	Electrician skills, Software Interfaces

	
	1
	Hardware Connections
	School-contracted electrician
	3/1/2015
	Electrician skills

	
	2
	Interface Hardware into Siemens System
	B,C
	3/5/2015
	Software Interfaces

	
	3
	Add extra controls software
	C,D
	3/17/2015
	Software

	6
	
	Analysis
	A,B,D
	4/1/2015
	Data mining, Budgeting, 
Environmental Science

	
	1
	Economic Impact to University
	A
	1/15/2015
	Budgeting

	
	2
	Future Savings
	B
	1/17/2015
	Budgeting

	
	3
	Analyzing Environmental Impact
	D
	1/1/2015
	Environmental Science

	
	4
	Measure Efficiency of Installed System
	A,B,D
	4/1/2015
	Data Mining

	7
	
	Documentation
	A,B,C,D
	4/5/2015
	EE background,
Programming(for psuedocode), Technical Writing

	
	1
	Course Reports
	
	4/5/2015
	Technical Writing, EE Background, Programming





[image: ]
Figure 15 – Original Gantt Chart

While it can easily be seen that the initial schedule estimates were extremely optimistic in certain areas, particularly regarding speed of component installation, we were able to shift our focus to better complete the goals that were possible given time constraints. This is an important part of every project in the real world, although schedules can dramatically shift, the consequences are much direr. The planning in question shows the trouble with naivety on completion time, and teaches the value in a good project planner and management team, so that design goals do not have to change.  






[bookmark: _Toc417035636]7 Budget Estimate

	Item Description
	Per Unit Construction Cost
	Quantity
	Total Cost
	p.u. kW Reduction
	Total kW Reduction
	Demand Charge Reduction
	Kwh Savings per year
	Total Savings
	Simple Payback (Years)

	Variable Frequency Drive (40 hp)
	
	
	
	4.47
	8.94
	$49.75 
	$3,549 
	$4,146 
	N/A

	Variable Frequency Drive (7 ½ hp)
	
	
	
	0.839
	1.68
	$9.34 
	$2,841 
	$2,954 
	N/A

	T8 LED Replacements
	$20 
	4,742
	$94,840 
	0.007
	33.19
	$370 
	$9,111
	$13,545
	7.00

	Duct CO2 Sensors
	$729 
	11
	$8,019 
	
	
	
	
	
	

	WT Ultrasonic Room Sensors
	$80
	40
	$3,200
	
	
	
	
	
	

	E-9611-2B25 Beam Sensors
	$50.00
	6
	$300
	
	
	
	
	
	

	MK7-B-CCF analog photon sensors
	$219
	2
	$438
	
	
	
	
	
	

	Sensor cost w/ Installation
	
	
	$79,000
	N/A
	29.2
	$325
	$8,016
	$11,917
	6.63

	Total
	 
	 
	$183,840
	 
	73.01
	$1,264
	$23,517
	32,560
	5.65




The numbers for estimated savings from motion sensor installation are taken from motion data from Dirac, where a population study over two weeks gave us the savings for the 1st and 2nd story of the building, which we extrapolated to the third floor as well. We found a 30% total downtime for lighting, which seems reasonable over a given period of time. Although there are busier periods, this amount seems like a relatively conservative estimate due to the fact that the library is closed to the general public from 1AM-8AM weekdays, and longer weekends. Also not included is the long periods of time over summer in which the library will remain unoccupied.  Light sensors also have yet to be installed, which will enable lights to dim near windows when the sun is out, reducing demand during peak hours. Altogether even if overall traffic in Dirac continues to rise due to  the January installation of a Starbucks, our numbers are still well above expectations, and we should be able to save the school a substantial amount of money.

Our original budget estimate is as follows
	Personnel
	Cost/unit
	Total Units
	Total Cost

	Matthew Streich
	$30/hr
	360
	$10,800

	Patrick Dawson
	$30/hr
	360
	$10,800

	David Gonsoulin
	$30/hr
	360
	$10,800

	Dallas Perkins
	$30/hr
	360
	$10,800

	Electrician
	$60/hr
	50
	$3,000

	Subtotal A.
	
	
	$46,200



	Fringe Benefits
	
	
	

	
	$46,200
	.29
	$13,398

	Subtotal B.
	
	
	$59,598



	Minor Expenses
	
	
	

	Subtotal C.
	
	
	$59,598



	Overhead costs
	
	
	

	
	$59,598
	.45
	$26,819.10

	Subtotal D.
	
	
	$86,417



	Equipment
	
	
	

	40 Hp Variable Speed Drive
	$5,500
	2
	$11,000

	120 Gallon Water Electricity Storage Tank
	$1,600
	1
	$1600

	LED Lights
	$5.00
	4,000
	$20,000

	Siemens Duct-Mounted Sensor
	$600
	10
	$6,000

	Motion Sensor
	$50
	200
	$4,000

	1 kW Solar Panels
	$1,000
	400
	$400,000

	Total Project Cost
	
	
	$529,017



While sensors cost much more than anticipated due to cost of hiring electricians, overall our actual expenditures were still much less than our expected expenditures. A huge part of this is due to the fact that our anticipated expenditures included the cost of the solar panels, and personnel cost. Without these costs, we slightly exceeded the initial rough estimates, but we were still able to achieve our overall budget goals in terms of years to pay off upfront costs.
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With the bulk of the sensors being installed in Dirac, and a simple occupation study having been completed, while not fully implemented, our goal of creating a demand-side management system was completed, and the system once fully installed will save a substantial amount of power, and cut school power costs. We have developed software simulations for the lighting to get a better estimate of full potential power savings of the motion sensors, along with potential savings for the switch to using LED bulbs. Barring any major change to the system (i.e. Dirac switching to 24-7 hours year-round including summers weekends and holidays) the numbers seem to be holding up with what was expected, and full system payoff should be achieved at under our goal, 7 years. These savings will hopefully help us achieve our secondary goal, fostering a spirit of cooperation between the FSU utilities department and the FSU/FAMU College of Engineering.
While some features that were in our initial design had to be cut out to achieve timely final results, the project was able to complete successfully, and the meaningful data that we have gotten has upheld our expectations. Demand-Side management remains a growing aspect of control system engineering, and more trained people are needed in the field to meet this demand. This project has helped us all grow as engineers, and get a lot of experience in this fast-growing field.


[bookmark: _Toc417035638]Appendix A – Motion Control Zone Floorplans
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[bookmark: _Toc417035639]Appendix B – Component Data Sheets
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Scheduled Test Reporting Form

[image: ]Test Item: Occupancy Sensor					
Tester Name:					Tester ID No: 
Test Date:					Test No: 
Test Time:   					Test Type: Test
Test Location: 					Test Result: 

Test Objective: 
The objective of this test is to test the occupancy sensor to determine if it is operating in the correct manner. This includes testing the sensing ability and range of the sensor to determine detection area.

Test Description/Requirements:
Requirements:
1- WT Ultrasonic Ceiling Sensor
2- Voltmeter
3- Tape Measure
4- 24VDC Source

[image: ]Process:
The sensor must be connected to a power supply before the test has begun. The wiring for the sensor is as shown on the right. Once the sensor is connected, the 24VDC output will be connected to a voltmeter to measure the output voltage of the sensor. Motion will be produced in front of the sensor and the output will be observed to determine if the sensor is correctly detecting motion. After this is established, the range of the sensor will be tested through creating movement at various distances away determined by the tape measure. The results will be recorded to determine the effective range of the sensor.

Anticipated Results:
	The sensor will correctly detect movement and the range of detection will cover an approximate 30’x30’ region surrounding the sensor.

Requirement for Success:
	The main requirement for success is that the sensor produces the 24VDC output when movement is present. A secondary requirement is that the range is not drastically less than the predefined area.

Actual Results:
	TBA

Reason for Failure:
	TBA

Recommended Fix:
	TBA

Other Comments:



Scheduled Test Reporting Form

[image: ]Test Item: Curtain Motion Sensor					
Tester Name:					Tester ID No: 
Test Date:					Test No:
Test Time:   					Test Type: Test
Test Location: 					Test Result: 

Test Objective: 
The objective of this test is to test the occupancy sensor to determine if it is operating in the correct manner. This includes testing the sensing ability and area of detection.

Test Description/Requirements:
Requirements:
1- Enforcer Curtain Sensor
2- Voltmeter
3- 12VDC Source

Process:
The sensor must be connected to a power supply before the test has begun. The transmitter and receiver need to be connected as shown below:
[image: ]
Once the sensor pair is connected, the output will be connected to a voltmeter to measure the output voltage of the sensor. Motion will be produced in between the two sensors and the output will be observed to determine if they are correctly detecting motion. The range between the sensors can be up to 50’ and they should still produce accurate results. After this is established, the area of detection for the sensors will be determined by producing motion on either side of the curtain to determine if the sensors detect this.

Anticipated Results:
	The sensor pair will correctly detect movement when in the beam between the transmitter and receiver, but not when the motion is outside of the beam.

Requirement for Success:
	The requirement for success is that the sensors correctly detect motion within the beam between the transmitter and receiver while ignoring any disturbances outside of this. The range between the sensors should be able to increase close to the 50’ specification.

Actual Results:
	TBA

Reason for Failure:
	TBA

Recommended Fix:
	TBA

Other Comments:




Scheduled Test Reporting Form

[image: ]Test Item: Photo Sensor					
Tester Name:					Tester ID No: 
Test Date:					Test No: 
Test Time:   					Test Type: Test
Test Location: 					Test Result: 

Test Objective: 
The objective of this test is to test the ambient light sensor to determine if it is operating in the correct manner. This includes testing the sensing ability and range of detection.

Test Description/Requirements:
Requirements:
1- MK7-B Ambient Light Sensor
2- Voltmeter
3- 24VDC Source
4- Variable Light Source

Process:
The sensor must be connected to a power supply before the test has begun in the manner shown below:
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Once the sensor is connected, the output will be connected to a voltmeter to measure the output voltage of the sensor. The light source will be varied throughout the range of the sensor (5-750 fc). The output will be observed to see if the voltage level changes according to the input and the range for which the output changes.

Anticipated Results:
	The ambient light sensor will produce an output that varies accordingly with the intensity level of the input light. The range of light detection should vary from approximately 5 to 750 foot-candles.

Requirement for Success:
	The requirement for success is that the sensor correctly detects and varies the analog output according to the light intensity present at the input. Additionally, it is required that the output varies through the range of inputs corresponding to approximately 5-750 fc.

Actual Results:
	TBA

Reason for Failure:
	TBA

Recommended Fix:
	TBA

Other Comments:



Scheduled Test Reporting Form

[image: ]Test Item: CO2 Sensor					
Tester Name:					Tester ID No: 
Test Date:					Test No: 
Test Time:   					Test Type: Test
Test Location: 					Test Result: 

Test Objective: 
The objective of this test is to test the carbon dioxide sensor to determine if it is operating in the correct manner. This includes testing the sensing ability and range of detection.

Test Description/Requirements:
Requirements:
1- QPM2100 CO2 Sensor
2- Voltmeter
3- 24VDC Source
4- Variable CO2 Source

Process:
The sensor must be connected to a power supply before the test has begun in the manner shown below:
[image: ]
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Once the sensor is connected, the output will be connected to a voltmeter to measure the output voltage of the sensor. The CO2 source will be varied throughout the range of the sensor (0-2000 ppm). The output will be observed to see if the voltage level changes according to the input and the range for which the output changes.

Anticipated Results:
	The CO2 sensor will produce an output that varies accordingly with the intensity level of the input. The range of CO2 detection should vary from approximately 0 to 2000 parts per million.

Requirement for Success:
	The requirement for success is that the sensor correctly detects and varies the analog output according to the carbon dioxide levels present at the input. Additionally, it is required that the output varies through the range of inputs corresponding to approximately 0-2000 parts per million.

Actual Results:
	TBA

Reason for Failure:
	TBA

Recommended Fix:
	TBA

Other Comments:


[bookmark: _Toc417035641]Appendix D – MATLAB Simulation
[bookmark: _Toc417035642]User Guide for DSM MATLAB Simulation Tool
The MATLAB simulation tool is to be used to gain a basic understanding of how the system works and how it will control the load of the building. This tool will for the user to make changes that could be actually seem on the system side to simulate how a DSM system will respond.
Inputs
1. The following inputs allow for a 1 or 0 for yes or no respectively.
· Is the library open?
· First Floor Occupied?
· Second Floor Occupied?
· Stack Occupied?
· Are we 5% below the daily peak?
2. The following inputs allow for their simulated values
· What is the ambient lightning level?
· What is the current Temp?
· What is the current CO2 level?
3. Some inputs will not appear based on previous inputs
4. The following outputs may appear based on the inputs and will be calculated based upon algorithms designed by the team. 
· First Floor Light on/off
· Second Floor Lights on/off
· Book Stack Lights on/off
· Ambient Lighting insufficient/OKAY
· Increase outside air/ Decrease outside air/ Outside air OKAY
· Damper at X% open
· Temp STABLE/ Increasing Temp to X/ Decreasing Temp to X
· Watthour saved is 
5. Next the simulation will ask if you would like to reset. This will allow the user to begin a new session without having to manually clear variables
6. Finally it will ask if the user would like to exit the simulation
[bookmark: _Toc417035643]MATLAB Code Files

[bookmark: _Toc417035644]MATLAB Code File 1
%{
Inputs:
    Time Schedule 
    1st Floor
        19 Ultrasonic Room Sensors
        6 Beam Sensors
        _ Temp Sensors
    2nd Floor
        21 Ultrasonic Room Sensors
        2 Photo Sensors
        _ Temp Sensors
    AHUs
        4 CO2 Sensors
    Outside Temp
 
Outputs:
    1st Floor
        Lighting Control
        _ Temp Sensors
    2nd Floor
        Lighting Control
        _ Temp Sensors
    AHUs
        Pneumatic Controls
        Airflow Control
  %}
 
psmin=200;                                              %Photo Sensor Minimum 
stack1=1;                                               %Stack Lighting Control
on=1;                                                   %On is high
off=0;                                                  %Off is low
co2min=400;
co2max=1000;
 
 
%Recieve Data
prompts;
 
% First Floor Zone Lighting
floor1;
 
% Second Floor Zone Lighting
floor2;
 
 
% Stack Lighting Control
bstacks;
 
%Photo Sensor Control
photosense;
 
% AHU CO2 Control
ahuCO2;
 
%AHU Temp Control
ahutemp;
 
 
%Adding KWH for Floor 1
if p<=1
    tt=etime(t3,t2);
    whsaved=30*(tt*39.1737)/3600;    %time (off*powerdraw)/timeconversion
    whsaved1=whsaved1 + whsaved;
else
end
 
% 
% %Adding KWH for Floor 2
if p2<=1
    tt2=etime(t23,t22);
    whsaved=30*(tt2*39.1737)/3600;    %time (off*powerdraw)/timeconversion
    whsaved2=whsaved2 + whsaved;
else
end
 
%Adding KWH for Book Stacks
if pb<=1
    ttb=etime(tb13,tb12);
    whsaved=8*(ttb*39.1737)/3600;    %time (off*powerdraw)/timeconversion
    whsavedb=whsavedb + whsaved;
else
end
 
%Adding KWH for Photo Sensor
if ps2<=1
    ttp2=etime(tp23,tp22);
    whsaved=2*(ttp2*39.1737)/3600;    %time (off*powerdraw)/timeconversion
    whsavedp2=whsavedp2 + whsaved;
else
end
twhsaved=whsaved1+whsaved2+whsavedb+whsavedp2;
        disp('Watthour saved is');
        disp(twhsaved);

[bookmark: _Toc417035645]MATLAB Code File 2
if co21 >= co2max
    disp('Decrease outside air')
    if damp >=10
    damp=damp-10;
    else
    end
elseif co21 <= co2min
    disp('Increase outside air')
    if damp <=90
    damp=damp+10;
    else
    end
else
    disp('Air Level OKAY')
end
x=['Damper at ',num2str(damp), '% open'];
disp(x)
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if tsched ==1
    if ts11 <=68
        disp('Temp increasing to 68')
    elseif ts11 >=74
        disp('Temp decreasing to 76')
    else
        disp('Temp STABLE')
    end
else
    if ts11 <=65
        disp('Temp increasing to 65')
    elseif ts11 >=78
        disp('Temp decreasing to 78')
    else
        disp('Temp STABLE')
    end
end
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% Stack Lighting
if tsched==1
    if bs11==1
        disp('Book Stack Lights on')
        if bc11==off
            pb=pb+1;
            tb13=clock;                                                        %Set Time if previous state is lights off
           tb12=tb11;
           tb11=[0 0 0 0 0 0];
        else
            pb=pb+1;
        end
        bc11=on;
        
    else
        disp('Book Stack Lights off')
        if bc11==on
           pb=0;
           tb11=clock;                                                        %Set Time if previous state is lights on
           tb13=[0 0 0 0 0 0];
           tb12=[0 0 0 0 0 0];
        else
            tb13=clock;
            tb12=tb11;
        end
        bc11=off;
    end
else 
disp('Book Stack Lights off')
    if bc11==on
        pb=0;
       tb11=clock;                                                            %Set Time if previous state is lights on
       tb13=[0 0 0 0 0 0];
       tb12=[0 0 0 0 0 0];
    else
            tb13=clock;
            tb12=tb11;
    end
    bc11=off;
end
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t1=[0 0 0 0 0 0];
t2=[0 0 0 0 0 0];
t3=[0 0 0 0 0 0];
tp21=[0 0 0 0 0 0];
tp22=[0 0 0 0 0 0];
tp23=[0 0 0 0 0 0];
tb11=[0 0 0 0 0 0];
tb12=[0 0 0 0 0 0];
tb13=[0 0 0 0 0 0];
t21=[0 0 0 0 0 0];
t22=[0 0 0 0 0 0];
t23=[0 0 0 0 0 0];
whsaved1=0;
whsaved2=0;
whsavedb=0;
whsavedp2=0;
twhsaved=0;
p=0;
p2=0;
pb=0;
ps2=0;
lc11=1;                                                 %Zone Lighting Control
lc21=1;
bc11=1;
pc21=1;
damp=100;


[bookmark: _Toc417035649]MATLAB Code File 6
% First Floor Zone Lighting
disp('----------------------------------')
if tsched==1
    if urs11==1
        disp('First Floor Lights on')
        if lc11==off
            p=p+1;
            t3=clock;                                                        %Set Time if previous state is lights off
           t2=t1;
           t1=[0 0 0 0 0 0];
        else
            p=p+1;
        end
        lc11=on;
        
    else
        disp('First Floor Lights off')
        if lc11==on
           p=0;
           t1=clock;                                                        %Set Time if previous state is lights on
           t3=[0 0 0 0 0 0];
           t2=[0 0 0 0 0 0];
        else
            t3=clock;
            t2=t1;
        end
        lc11=off;
    end
else 
disp('First Floor Lights off')
if lc11==on
    p=0;
   t1=clock;                                                            %Set Time if previous state is lights on
   t3=[0 0 0 0 0 0];
   t2=[0 0 0 0 0 0];
else
        t3=clock;
        t2=t1;
end
    lc11=off;
end


[bookmark: _Toc417035650]MATLAB Code File 7
% Second Floor Zone Lighting
if tsched==1
    if urs21==1
        disp('Second Floor Lights on')
        if lc21==off
            p2=p2+1;
            t23=clock;                                                        %Set Time if previous state is lights off
           t22=t21;
           t21=[0 0 0 0 0 0];
        else
            p2=p2+1;
        end
        lc21=on;
        
    else
        disp('Second Floor Lights off')
        if lc21==on
           p2=0;
           t21=clock;                                                        %Set Time if previous state is lights on
           t23=[0 0 0 0 0 0];
           t22=[0 0 0 0 0 0];
        else
            t23=clock;
            t22=t21;
        end
        lc21=off;
    end
else 
disp('Second Floor Lights off')
if lc21==on
    p2=0;
   t21=clock;                                                            %Set Time if previous state is lights on
   t23=[0 0 0 0 0 0];
   t22=[0 0 0 0 0 0];
else
        t23=clock;
        t22=t21;
end
    lc21=off;
end

[bookmark: _Toc417035651]MATLAB Code File 8
if urs21==1
    if ps1<=psmin
        disp('Ambient Lighting insufficent')
        if pc21==off
            ps2=ps2+1;
            tp23=clock;                                                        %Set Time if previous state is lights off
           tp22=tp21;
           tp21=[0 0 0 0 0 0];
        else
            ps2=ps2+1;
        end
        pc21=on;  
    else
        disp('Ample ambient light provided. Shutting off extra lighting.')
        if pc21==on
           ps2=0;
           tp21=clock;                                                        %Set Time if previous state is lights on
           tp23=[0 0 0 0 0 0];
           tp22=[0 0 0 0 0 0];
        else
            tp23=clock;
            tp22=tp21;
        end
        pc21=off;
    end
end   
 % else
% disp('Second Floor Lights off')
% if pc21==on
%     ps2=0;
%    tp21=clock;                                                            %Set Time if previous state is lights on
%    tp23=[0 0 0 0 0 0];
%    tp22=[0 0 0 0 0 0];
% else
%         tp23=clock;
%         tp22=tp21;
% end
%     pc21=off;
% end

[bookmark: _Toc417035652]MATLAB Code File 9

tsched=input('Is the Library Open? 1=YES , 0=NO   ');       %Time Schedule
if tsched==1
    urs11=input('First floor occupied? 1=YES , 0=NO   ');                   %Ultrasonic sensor floor 1
    urs21=input('Second floor occupied? 1=YES , 0=NO   ');                        %Ultrasonic sensor floor 2
    tsched=input('Are we 5% below the daily peak? 1=YES , 0=NO   ');
else
     urs11=0;
     urs21=0;
end
if urs11 ==1
    bs11=input('Stack occupied? 1=YES , 0=NO   ');                          %Beam Sensor 
else
    bs11=0;
end 
if urs21==1
    ps1=input('What is the ambient lighting level? ');
else
    ps1=0;
end
ts11=input('What is the current Temp? ');                                     %Temperature Sensor
co21=input('What is the current CO2 Level? ');           %CO2 Sensor
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% Complete Actual (beyond plan)

#NAME?

 Demand-Side Management

PLAN PLAN ACTUAL ACTUAL PERCENT Aug Sept Oct Nov Dec Jan Feb MARCH April

ACTIVITY START DURATION START DURATION COMPLETE Weeks

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 32 33 34 35 36

1 Project Management 1 35 1 35 100%

2 Research 1 15 1 15 100%

3 Design 10 11 9 12 100%

3.1 Design Variable Freuqency Drives 10 4 9 5 100%

3.1.1 Interface VFD with Siemens System 10 2 11 2 100%

3.1.2 Monitoring Software 12 2 12 2 100%

3.2 Load Scheduling 10 3 10 3 100%

3.2.1 Identifying Loads to be Scheduled 10 1 10 1 100%

3.2.2 Shifting Loads 11 2 11 2 100%

3.3 Thermal Storage 10 5 10 5 100%

3.3.1 Analysis of Possible Tank Locations 10 2 10 2 100%

3.3.2 Scheduling of Storage 12 3 12 3 100%

3.4 Lighting Renovation 14 6 10 6 100%

3.4.1 Updating Lighting 14 3 10 3 100%

3.4.2 Add Lighting Motion Sensors 15 2 15 2 100%

3.4.3 Lighting Control 17 3 17 3 100%

3.5 Ventilation Control 13 5 13 5 100%

3.5.1 Plan Where to Install CO2 Sensors 13 3 13 3 100%

3.5.2 Off-Peak Hours Building Cooling 14 2 14 2 100%

3.5.3 Monitoring Software 13 5 13 5 100%

4 Implementation 20 11 20 11 100%

4.1 Simulation 20 3 20 3 100%

4.2 Review of Simulation 23 2 23 2

100%

4.3 Physical Implementation 25 6 25 6

100%

5 Integration into Siemens System 23 8 23 8

100%

5.1 Hardware Connections 25 6 25 6

100%

5.2 3.1.1  Interface VFD with Siemens System 27 2 27 2

100%

5.3 3.1.2  Monitoring Software 29 3 29 3

100%

6 Analysis 13 19 13 19

100%

6.1 Economic Impact to the University 13 8 13 8

100%

6.2 Future Savings 15 5 15 5

100%

6.3 Analyzing Environmental Impact 31 1 31 1

100%

6.4 Measure Efficiency of Installed System 22 28 22 28

100%

7 Documentation 1 31 1 31

100%
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% Complete Actual (beyond plan) #####

 Demand-Side Management

PLAN PLAN ACTUAL ACTUAL PERCENT Aug Sept Oct Nov Dec Jan Feb MARCH April

ACTIVITY START DURATION START DURATION COMPLETE Weeks

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 32 33 34 35 36

1 Project Management 1 35 1 25%

2 Research 1 12 1 50%

3 Design 10 11 9 10%

3.1 Design Variable Freuqency Drives 10 4 9 10%

3.1.1 Interface VFD with Siemens System 10 2 0%

3.1.2 Monitoring Software 12 2 0%

3.2 Load Scheduling 10 3 0%

3.2.1 Identifying Loads to be Scheduled 10 1 9 5%

3.2.2 Shifting Loads 11 2 0%

3.3 Thermal Storage 10 5 0%

3.3.1 Analysis of Possible Tank Locations 10 2 0%

3.3.2 Scheduling of Storage 12 3 0%

3.4 Lighting Renovation 14 6 0%

3.4.1 Updating Lighting 14 3 0%

3.4.2 Add Lighting Motion Sensors 15 2 0%

3.4.3 Lighting Control 17 3 0%

3.5 Photovoltaics 12 8 0%

3.5.1 Scouting Possible PV Locations 12 1 0%

3.5.2 Analysis of Economic Impacts 12 5 0%

3.5.3 Monitoring Software 14 6 0%

3.6 Ventilation Control 13 5 0%

3.6.1 Plan Where to Install CO2 Sensors 13 3 0%

3.6.2 Off-Peak Hours Building Cooling 14 2 0%

3.6.3 Monitoring Software 13 5 0%

4 Implementation 20 11 0%

4.1 Simulation 20 3 0%

4.2 Review of Simulation 23 2 0%

4.3 Physical Implementation 25 6 0%

5 Integration into Siemens System 23 8 0%

5.1 Hardware Connections 25 6 0%

5.2 3.1.1  Interface VFD with Siemens System 27 2 0%

5.3 3.1.2  Monitoring Software 29 3 0%

6 Analysis 13 19 0%

6.1 Economic Impact to the University 13 8 0%

6.2 Future Savings 15 5 0%

6.3 Analyzing Environmental Impact 31 1 0%

6.4 Measure Efficiency of Installed System 22 28 0%

7 Documentation 1 31 1 10%
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Curtain/Barrier Sensors
E-9611-2B25 2Beams, 114" Long, Black Case
E-9622-4B25 4 Beams, 22/;" Long, Black Case
E-9622-4W25 4 Beams, 22/;" Long, White Case
E-9644-6B25 6 Beams, 441/;" Long, Black Case
E-9644-6W25 6 Beams, 44/;" Long, White Case
E-9660-8B25 8Beams, 605" Long, Black Case
E-9680-10B25 10 Beams, 79" Long, Black Case

Features:

» Installin windows, doorways, kyfghts, fence tops,
‘any place where space s limied

» Triggers on brealing of any single or 2 adacent
‘beams (programmable)

> Antitamper circuit iggers alarm f power s cutor
endcap’s removed

» Nosynchronizin wires required

» NOINC Relay output, 1A@12-24VDC.

» LED alignment indicator

» *L" Brackets and mounting hardare incued

» Muit-Frequency: Reduces intererence and
liminates crosstalk when multple units are used in
dose proimity to one another.

Typical Applications:

Sensors

5 sizes available:
4141” for narmow spaces,
up 10 79" for large spaces

R

E-9611-2825

L ldididld

E-9680-10825
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LIGHTING CONTROLS

PLC-MULTIPOINT CELESTIAL SELF-CONTAINED AMBIENT LIGHT SENSORS
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« Factory calibrated
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LIGHTING CONTROLS

PLC-MULTIPOINT CELESTIAL SELF-CONTAINED AMBIENT LIGHT SENSORS
I MK7-BSERIES
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SIEMENS

‘Technical Specification Sheet
Document No. 146-509
iy 25,2011

QPM21... Series Indoor Air Quality

Duct Sensors

Description

The QPM21... Series Indoor Alr Quality Duct Sensors
‘optimize room comiort by enabling demand-contrlled
ventition. The sensors can acquire: CO; and volatle.
organic compound (VOC) concentrations, relative
humidity, and temperature. Models are available for
€O, COLVOC, COST, COJTIRH, and VOC. The CO;
Variant s available with or without 2 ogo.

“The sensor evaluates the COL/VOC concentrations
‘and transforms tto 2 0 o 10 Vde or 0 to 5 Ve linear
proportonal output signal

For models with humidiy, a capaciive humidity
‘sensing element changes capacitance as  function of
the relative humidity. An elecironic measuring circut
converts the humidity signal to a continuous 0 to

10 Vdc or 0to 5 Vel signal that corresponds o a
relative humidity range of 0 to 100%. For models with
temperature, the sensor acquires room temperature
with a sensing element that changes electical
resistance as a function of the temperature. The
resistance is converted to an active 0 fo 10 Vdc or 0 fo
5 Ve output signal that corresponds to a temperature
range of 32°F to 122°F (0°C to 50°C) or 31°F to 95°F
(35°C1035°C).

The QPM2180 includes four diferent sensing
‘elements: LG-Ni1000, PH1000, Pt100, and NTC 10K
ohm.

The duct.mounted sensors are suited for use with al
‘systems and devices capable of acquiring and
handing 30 to 10 Vde or 0 to 5 Ve output signal.

‘Semens industy, o

Features.
* Mutisensor for CO/VOC, temperature, and
humiditytemperature.

* Maintenance-free infrared CO sensing element,
VOC sensing element based on a heated tin
dioxide semiconductor

24 Vac or 15 t0 35 Vdc operating voltage, 0 t0 10
Ve or 0to'5 Ve output signals.

GPIZ1002102IndoorAir Quaity Duct Sensors and.

‘GPMZ102D indoor Air Qualty Duct Senar with Disply.

Ordering Information

T = o
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NOTE: QP00 valabe 3 moogovarar Ordr GPIZIOON.
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