
CLEMSON  UN IVER S I TY   
Building Automation System Standards  

 
 
 
 

Revised: March 2025 kds’;R                            e1 
 

 

 

 

 
  

Clemson University 
 

Building Automation System Standards 

 

 

 

 

 

  

 

 

 



CLEMSON  UN IVER S I TY   
Building Automation System Standards  

 
 
 
 

Revised: March 2025 kds’;R                            e2 
 

1│General Specifications 
 

BAS Intent 
The intent of this specification section is to establish a set of guidelines to define the requirements for the 
Building Management System. This BMS shall, at a minimum, offer the capabilities to: 

1. Improve and facilitate the monitoring and control of the various HVAC systems and equipment, 
and the connected operational technologies of the building(s). 

2. Facilitate training on the BMS and enhance the understanding of how the systems work, with an 
emphasis on the relationships of the equipment that serves the spaces of the building(s) 

3. Minimize response time to high priority alarms and critical failures with sophisticated, 
customizable annunciation and targeted information distribution. 

4. Standardize system integration and scalability by adhering to open-protocol frameworks that 
allow for interoperability across multiple vendors, future system expansion, and seamless 
integration with emerging technologies. 

5. Strengthen cybersecurity and system resilience through robust access control policies, encrypted 
communications, routine security updates, and audit logging to safeguard university assets 
against cyber threats. 

6. Facilitate continuous improvement and data-driven decision-making by maintaining a structured 
historical archive of system performance, anomalies, and energy consumption trends, allowing for 
periodic review and long-term strategic planning. 
 

Quality Assurance  
Manufacturer Qualifications:  
 

1. The BMS manufacturer shall have a full-service office within 50 miles of the project jobsite. 
2. The Building Management System installer shall be a manufacturer-owned branch office, or an 

independent contractor who is factory trained and authorized by the manufacturer to sell, service, 
and support the Building Management System specified herein.  Independent contractors shall 
submit letters to Clemson from the BMS manufacturer providing a guarantee that the BMS 
manufacturer will complete any project or work that the independent contractor defaults on or 
does not complete. This guarantee must explicitly cover warranty obligations, system 
functionality, and required corrective actions. 

3. The office shall maintain a suitable parts inventory and shall have all testing and diagnostic 
equipment necessary to support this work. 

4. The contractor shall have verifiable experience in the engineering, programming, installation, and 
servicing of BMS installations that are similar in scope and complexity to the project. The 
contractor must provide references for at least three (3) completed BMS projects of comparable 
size within the past five (5) years. 

5. From the start of installation through the completion of the agreed-upon warranty period, the 
contractor shall be solely responsible for addressing any defects, failures, or system deficiencies 
at no additional cost to the University. The contractor shall coordinate with the manufacturers of 
all supplied devices to ensure proper function, warranty support, and resolution of any product-
related issues. In the event of a dispute regarding responsibility for system failures, the contractor 
shall provide technical documentation and work directly with Clemson University to resolve issues 
without unnecessary delays.. 

6. The contractor and local service office shall provide 24/7 emergency support with a guaranteed 
response time of no more than four (4) hours for critical system failures affecting university 
operations. Routine service requests must be acknowledged within one (1) business day, with a 
resolution plan provided within three (3) business days unless otherwise agreed upon. The 
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contractor must comply with all university policies, state and federal regulations, and industry best 
practices for BMS installation and service. 

7. The installed system shall meet or exceed the university’s operational and energy efficiency 
requirements. The contractor shall conduct a final system verification, provide all necessary 
training, and ensure that Clemson University personnel have full access to system 
documentation, programming tools, and administrative controls 

 

BAS System Details 
Building Automation System – Server Details:  
 

1. The BMS Contractor shall furnish, install, configure, and commission all BMS server, controller 
and device programming, data archiving, control and monitoring software as a part of a complete 
system.  

a. The BMS Contractor shall be responsible for all database creation, new graphics 

creation, and point naming conventions that shall match the existing BMS database, 

graphics, and naming convention structures exactly. 

b. All programming for field controllers and I/O points shall be provided and executed 

exactly as specified further within this document. 

c. Any corruption of the existing server software shall be the BMS Contractor’s responsibility 

to repair. 

d. Modification of existing or downloading new programming to the new field controllers (ie. 

passthrough) through the existing BMS is required as a capability of this integration.   

e. The BMS Contractor shall provide all software licenses and necessary hardware (laptop 

PC, tablet, etc.) for all field controller programming tools to the owner at the completion of 

each project.   Owner shall be trained on the use of these tools as part of the training 

requirements defined elsewhere. 

2. A temporary Automation network communications solution will be required to be installed by the 
BMS Contractor prior to the completion of the Owner's IT network. The temporary network shall 
provide remote access to the BMS for programming, commissioning, graphics loading and 
binding, and for access by the contract team. The temporary network shall link together all 
Building Controllers/Engines via ethernet CAT6 cable and temporary un-managed switches. One 
Building Controller/Engine shall serve as the system "Master" and shall have a cellular modem to 
communicate with a remote BMS server that is used for all functionality outlined. Once the 
Owner's IT network is installed and commissioned, the temporary network shall be de-
commissioned and Owner's IT data drops shall be permanently connected to all BACnet IP 
components/controllers. The database from the temporary server shall be transferred to the 
permanent server and commissioned for proper on-premises operation. 

3. The BMS software shall include, at a minimum, licensed copies of: 
a. System configuration, data storage, upload, and download tools  
b. System alarm, event and interaction audit log 
c. System data trending and archiving and Microsoft SQL server 
d. A Mobile User Interface server application as described herein 
e. An embedded HTML-5 Mobile User Interface graphics development tool 

4. Owner access via 50 individual user, password protected sign ons with customized 
restrictions/access levels 

5. All BAS field controller communications shall use BACnet MS/TP protocol.  All supervisory 
controller to supervisory controller communications shall be BACnet IP. 

6. Alarms to be fully customizable and generated via email and SMS  



CLEMSON  UN IVER S I TY   
Building Automation System Standards  

 
 
 
 

Revised: March 2025 kds’;R                            e4 
 

7. The system shall allow the distribution of system functions such as monitoring and control, as well 
as the primary graphical user interface (MUI), across the network to achieve maximum flexibility 
and performance. 

8. Dashboard Displays 
a. The user interface shall provide the ability to view equipment visualizations, floor plans, 

and/or other graphics on mobile or desktop client devices in a browser environment, 
without the need for additional plugins or software. Graphics shall be accessible via a 
space (for floorplans, campus maps, etc.) or equipment dashboard. 

b. Standard dashboards shall be configured for each defined space including one of the 
following predefined or custom elements: 

i. Equipment Serving Space 
ii. Potential Problem Areas 
iii. Equipment Summary 
iv. Graphic Display  
v. Schedule 

c. Standard dashboards shall be configured for each system or device (typ. mechanical or 
electrical equipment) including the following predefined or custom elements: 

i. Trend 
ii. Equipment Activity Summary 
iii. Equipment Relationships Summary 
iv. Equipment Data 
v. Graphic Display  
vi. Schedule 

d. Users with appropriate permissions shall have access to a Dashboards Manager that can 
change the display order of Summaries and Data elements, add or remove elements and 
apply custom dashboards layouts to equipment and space by type. 

e. Dashboard Manager shall apply dashboards to spaces or equipment based on the 
viewing platform (Desktop/Tablet or Phone) in order to tailor the user experience to the 
needs of the specific user base. 

9. Graphics 
a. The user interface shall display an equipment visualization or graphic within the context 

of its associated space (building, floor, room, etc.) or equipment dashboard. 
b. At a minimum, graphics shall be provided for the following: 

i. 3-D image of the building 
ii. Each individual floorplan, or sections of a large floorplan 
iii. Each individual piece of controlled/monitored/integrated HVAC equipment 
iv. Central utility plant and/or pumping systems including animated equipment 

images and all piping accurate to installed conditions.  Include all pipe-mounted 
sensors and control valves in their approximate locations 

v. Graphical dashboards showing images of integrated third-party equipment and 
individual data tables displaying all integrated points 

vi. Graphical dashboards showing calculated data and any other points as called for 
within the I/O summaries on the contract documents 

c. Operators shall have the capability to override all binary and analog outputs directly from 
the graphics. 

d. Graphics shall include the ability to define individual information layers for operator 
selection in order to clarify systems status and simplify operation on mobile devices.  

e. Graphics shall support the use of photo-realistic symbols as well as color change and 
animation to match the status of the related system control point. 

f. It shall be possible to export a time stamped .pdf file of the graphic being viewed in order 
to communicate the current conditions in the space or the equipment being viewed and to 
provide a historic record. 
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g. An integral graphic manager shall be provided including the following features and 
capabilities: 

i. Creation and modification of graphics from any HTML5 capable browser without 
the need for additional plug-ins or software packages. 

ii. Access to a full suite of pre-defined templates for air and water sourced HVAC 
applications as well as the ability to add custom templates as created for other 
use. Pre-aliased graphic templates may be defined and saved for repetitive 
representations of common mechanical and electrical equipment. 

iii. A full suite of pre-defined three-dimensional symbols for mechanical and 
electrical systems as well as all line, text and shape tools required for integration 
into a graphic with zoom and pan capabilities on multiple platforms and in 
multiple browsers. 

iv. The ability to search and replace items in multiple graphics with a single 
command. 

v. The ability to import and insert photos and images into the graphic. 
vi. The ability of the graphics manager to create and edit graphics including the 

ability to bind graphic elements to the values and conditions of system points in 
both an on-line and off-line mode. 

vii. The ability to create and import custom SVG symbols that can be selectable from 
the graphical palette and rendered at runtime. 

h. The BMS Contractor shall provide software licenses for programming, configuration and 
graphics building tools to allow designated representatives to make changes, 
modifications or additions to the system.  

10. Integration 
a. The software shall offer complete integration to third party devices and software, through 

the use of industry standard protocols. 
b. All integrated equipment shall have seamless software interactivity. Operators should not 

experience any decline in control or monitoring capabilities when compared to native 
BMS components. 

11. Information accessibility 
a. The BMS Contractor must supply API licenses as Clemson University directs. .  
b. The software shall make use of published RESTful APIs natively, as well as for broader 

integrations 
c. Clemson University shall own and be able to access all data from the BMS 

 

Low Voltage Wiring 
Building Automation System – Wiring Installation:  
 

1. All conduit, wiring accessories and wiring connections required for the installation of the BAS 
shall be provided by Johnson Controls.  

2. All Class 2 (24 VAC or less) wiring shall be installed in conduit unless otherwise specified.  
A) Conduit is not required for Class 2 wiring in concealed accessible locations. Class 2 

wiring not installed in conduit shall be supported every 5’ from the building structure 
utilizing metal hangers (J Hooks). Wiring shall be installed parallel to the building 
structural lines. All wiring shall be installed in accordance with local code  
requirements. 

3. Class 2 signal wiring and 24VAC power can be run in the same conduit. Power wiring 120VAC 
and greater cannot share the same conduit with Class 2 signal wiring.  

4. All wiring shall be installed in conduit or raceway except as noted elsewhere. Minimum control 
wiring conduit size ¾”.  

a. Thermostat raceways (only from the Thermostat to above ceiling run) and flexible conduit 
may be ½”. 
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5. Where it is not possible to conceal raceways in finished locations, surface raceway (wiremold) 
may be used as approved by the Architect. 
 

Building Automation System – Control Transformers: 
1. All terminal units (VAV boxes, Fan Coil Units, Air Valves, etc.) shall be provided with a Class II 24 

VAC transformer and disconnect switch. This includes control panels, supervisory controllers 
(SNE/SNC’s) and fire/smoke dampers. 

2. Centralized (Gang) transformers are not permitted.120V power wiring shall be run to each 
terminal unit, control panels, supervisory controllers and fire/smoke dampers. 120V wiring shall 
be provided and installed under Division 26 contractor unless specified otherwise in project-
specific specifications/drawings  

3. Label transformers/control panels to appropriately identify the panel and circuit of origin.  
 

Commissioning / Maintenance / Owner Training 
Commissioning: 

1. BMS Contractor shall commission all controls jobs and set up “typical” trends. *see Appendix for 
specifications. 

The BMS Contractor shall ensure that all control sequences are verified and adjusted as necessary to 
achieve optimal system performance before system acceptance. Initial trend logs shall be configured to 
monitor key performance indicators. Some or all of these trends may be removed or modified upon 
approval during owner training or as directed by Clemson University.Basic Maintenance:  
 

1. This Contractor shall maintain the System for proper functioning through preventive maintenance, 
repair, examination, analysis, adjustment, cleaning, and calibration of all covered system 
components. 

Preventive maintenance shall be performed at a minimum frequency of four (4) site visits per year. The 
Contractor shall provide Clemson University with a detailed preventive maintenance schedule based on 
system requirements and best practices.Scheduled Maintenance Hours 

2. This Contractor shall perform all scheduled or non-emergency maintenance service during 
regular business hours, defined as 7:00 a.m. to 5:00 p.m., Monday - Friday, this Contractor’s 
holidays excepted. Exceptions to be qualified based on Clemson University direction.  

Emergency Service 
3. Emergency service, defined as service or maintenance provided during other than regular 

business hours in the event of a critical system failure rendering the system inoperative. 
4. Contractor shall provide emergency service required to restore the system to operation at any 

time, 24 hours a day, 7 days a week, with a 4 hour response time to the location above. 
5. The Contractor shall ensure that emergency service personnel are fully trained and equipped to 

diagnose and restore the system to proper operation promptly. 
Service Reports 

6. After each repair or maintenance visit, the Contractor shall provide the Clemson with a work order 
concerning work performed on the system, setting forth each maintenance task and listing, by 
name and part number, all system components replaced during that repair or maintenance visit. 

7. All service reports shall be submitted within 48 hours of the completed service visit. 
Owner Training 

8. BMS Contractor to present trend data showing proper operation.  
9. This Contractor shall engage a factory-authorized service representative to train Clemson's 

maintenance personnel to adjust, operate, and maintain units. 
10. Training shall incorporate both classroom instruction and field instruction 
11. Training shall take place over a period of 40 hours minimum for Capital Projects. For small 

projects, defer to Clemson University to establish required training hours. . If the project 
specifications require a training duration greater than the minimum stated above, the 
specifications shall govern and take precedence. 
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Controls Documentation  
1. Hard copy panel drawings and sequences to be printed and stored within network panel. Digital 

copies of all control panel documentation shall also be provided to Clemson University in PDF 
and native file formats (e.g., AutoCAD, Visio, or equivalent). 

2. A log of programmer actions to be kept in control panel. Log should contain date, programmer 
identification and summary of actions.  

3. Submittals to be submitted to direct customer (ie mechanical contractor, general contractor, etc) 
and in turn to Clemson University. Submittals shall include, at a minimum: Control system 
architecture diagrams, Bill of materials with part numbers, Sequence of operations and control 
strategies, Points list with naming conventions, Network topology, including IP addresses and 
BACnet/MSTP addressing where applicable. 

4. •  As-Built Documentation 
5. As-built documentation shall be submitted to the direct customer and subsequently to Clemson 

University. 
6. As-builts shall incorporate:  

• All approved revisions from submittals. 

• Final device addresses, point mapping, and programming logic. 

• Data trends established and verified during owner training. 

• Network diagrams reflecting actual installed conditions. 

• As-builts shall be provided in both hard copy and digital formats (PDF and original 
working files such as Visio, AutoCAD or Excel for point lists). 

7. Ongoing Documentation Updates & Accessibility: 

• The contractor shall provide updated documentation whenever system modifications, 
software updates, or equipment replacements occur. 

• Clemson University shall have unrestricted access to all documentation, including 
passwords and programming tools, to ensure long-term system maintainability. 

• A secure online repository (e.g., SharePoint, cloud storage, or university-maintained 
server) may be established by Clemson University to store and access documentation 
remotely and Contactor maybe asked to store files at this location 

8.  
 
 
 
 
 
 
 
 
 

***All Below Diagrams and Sequences are “Typical” 
Applications. Subject to change based on project intent and 

designs by Engineer of Record. Below sequences are for 
reference only.***
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2│Chilled Water Bridge 
 

Building Automation System – Typical Chilled Water Bridge:  
1. Typical Flow Diagram:  

 
 

2. Typical Sequence of Operations:  

 
Building Automation System – Flow and Energy Meters: 

1. All chilled water flow meters must be electromagnetic insertion type with frequency, isolated 
analog and bi-directional pulse outputs.  

2. All chilled water energy meters must be Onicon “System 10” BTU meter with BACnet MS/TP 
compatibility. 

3. All meters specified in project documents to be provided by BMS contractor unless otherwise 
directed by Clemson University. . 

 
Building Automation System – Chilled, Hot Water and Steam Valves: 

 
4. All chilled water valves to be provided by BMS manufacturer. 
5. Pressure Independent valves are not approved for applications greater than 1”. Valves smaller 

than 1”, the engineer of record to specify valve type. 
 
 



CLEMSON  UN IVER S I TY  
Building Automation System Standards 

 
 
 
 

9 

 

3│Steam / Hot Water System 
 
Building Automation System – Typical Steam to Hot Water Heat Exchanger Configuration 

1. Typical Flow Diagram: 

 
2. Typical Sequence of Operations: 

 
Building Automation System – Meters: 

1. All steam flow meters must be accepted by Clemson University.   
2. All meters to be provided by BMS manufacturer unless otherwise specified by Clemson 

University. 
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4│Air Handling Units  
 
 

Building Automation System – Typical VAV Air Handling Unit Configuration 
1. Typical Flow Diagram: 

 
2. Typical Sequence of Operations: 
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Building Automation System – Typical Energy Recovery Air Handling Unit Configuration 

1. Typical Flow Diagram: 

 
2. Typical Sequence of Operations: 
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Building Automation System – Typical Single Zone Air Handling Unit Configuration 
1. Typical Flow Diagram: 

 
2. Typical Sequence of Operations: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



CLEMSON  UN IVER S I TY  
Building Automation System Standards 

 
 
 
 

13 

 

5│Air Valves 
 

 
Building Automation System – Venturi Style Valve: 

1. All new air valves must match existing air valves on campus. New air valves must be plunger 
style Venturi valve bodies. 

2. All air valve manufacturers must communicate via BACnet MS/TP.  
3. BMS Manufacturer will supply hot water valves and zone sensors to control comfort settings 

within lab spaces.  
a. BMS manufacturer DDC controller will control hot water valves and zone sensors as well 

as integrate to air valves manufacturer’s individual controllers.  
Building Automation System – General Lab Configuration: 

1. Typical Wiring Diagram: 
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2. 
Typical Sequence of Operations: 
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6│Terminal Units 
 

Building Automation System – Typical Hot Water VAV Box: 
1. Typical Flow Diagram: 

 
2. Typical Sequence of Operations: 
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Building Automation System – Typical 4 Pipe Fan Coil Unit: 
1. Typical Flow Diagram: 

 

 
 

2. Typical Sequence of Operations: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



CLEMSON  UN IVER S I TY  
Building Automation System Standards 

 
 
 
 

17 

 

Building Automation System – Typical 4 Pipe Fan Coil Unit with Outside Air: 
1. Typical Flow Diagram: 

 

 
 

2. Typical Sequence of Operations: 
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7│VRF System 
 

 
Building Automation System – Multizone VRF System: 

1. Typical Flow Diagram: 

 
2. Typical Sequence of Operations:  
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Building Automation System – Typical Ductless Split:  
1. Typical Flow Diagram:  

 
2. Typical Sequence of Operations: 

 
A) If ductless split system comes with BACnet communication, Johnson Controls will integrate to 

the ductless split system via the zone temperature sensor. 
B) Clemson University and Engineer of record to determine if system requires network integration 

and system alarms.   
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8│ Exhaust Fans 
Building Automation System – Exhaust Fans: 

1. Typical Flow Diagram: Lab Exhaust Fan 

 
 

2. Typical Sequence of Operations: 
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Building Automation System – General Exhaust Fans: 
1. Typical Flow Diagram:  

 
 

2. Typical Sequence of Operations: 
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Appendix A: 

Typical Control System Actions: 
 

Typical Trends 
 

1. For all of the following critical building systems, trends shall be created for both inputs and 
outputs to ensure operational transparency, troubleshooting capability, and long-term 
performance tracking: 

o Air Handling Units (AHUs) 
o Terminal Units (VAVs, Fan Coil Units, etc.) 
o Hot Water Pumps 
o Chilled Water Pumps 
o Heat Exchangers 
o Pneumatic Systems 
o Exhaust Systems 
o Domestic Hot Water Systems 
o Building Pressurization & Ventilation Systems (if applicable) 

2. Required trend data shall include, but is not limited to: 
o Temperature Readings (supply air, return air, mixed air, coil discharge, etc.) 
o Flow Readings (water flow rates, airflows, etc.) 
o Pressure Readings (differential pressure across filters, pumps, chilled/hot water 

systems, duct static pressure, etc.) 
o Valve and Damper Outputs (percent open/closed, commanded vs. actual position) 
o Pump and Fan Monitoring (on/off status, speed, failure indications) 
o Airflow Setpoints & Actual Readings (VAV box airflow, exhaust, and intake balance 

points) 
o Humidity Levels (if applicable) 
o Energy Consumption Data (if applicable for high-energy systems such as boilers, 

chillers, or dedicated recovery units) 
3. Commissioning & Owner Training: 

o All trends shall be programmed and activated during commissioning to verify proper 
operation. 

o Trends shall be retained and reviewed during owner training to confirm system 
performance. 

o Upon completion of training, trends may be removed if directed by Clemson University. 
However, key long-term operational trends shall remain in place to support maintenance 
and optimization efforts. 

 

Typical Alarms 
 

1. Alarms shall be created for the following critical systems to ensure early detection of operational 
issues and minimize downtime: 

o Air Handling Units (AHUs) 
o Terminal Units (VAVs, Fan Coil Units, etc.) 
o Chilled & Hot Water Pumping Systems (if applicable) 
o Building Exhaust & Pressurization Systems (if applicable) 

2. Required alarm conditions shall include, but are not limited to: 
o Fan Failures (loss of airflow, motor failure, VFD fault, belt failure, etc.) 
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o Safety Trips (high temperature cutouts, pressure relief trips, low/high limit violations) 
o Pump Failures (loss of flow, motor/VFD faults) 
o Filter Change Indicators (excessive differential pressure across filters) 
o Damper/Valve Failures (command vs. actual position mismatch) 
o High/Low Pressure Alarms (for chilled water, hot water, air systems, etc.) 
o High/Low Temperature Alarms (for space temperature, mixed air, supply air, etc.) 
o Loss of Communication Alarms (networked control devices going offline) 
o Humidity Control Failures (if applicable, for spaces requiring tight humidity control) 
o Building Pressurization Failures (if applicable, for critical areas like labs or clean 

rooms) 
3. Commissioning & Owner Training: 

o All alarms shall be programmed, tested, and verified during commissioning. 
o Alarms shall be demonstrated and reviewed during owner training to ensure proper 

configuration and response protocols. 
o After owner training, alarms shall remain active unless Clemson University modifies or 

reconfigures them. Clemson University shall retain full editing privileges to adjust alarm 
thresholds, priorities, and notifications as needed. 

 

 
 


