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Agenda 

 Welcome and Introductions 

 BBC K-12 Sector Update 
 Brooke Holleman, U.S. Department of Energy 

 Creating Better Learning Environments with Zero Energy Schools 
 Cathy Lin, Arlington Public Schools, VA 

 From E(fficiency) to Z(NE) 
 Nik Kaestner, San Francisco Unified School District, CA 

 Making the Most of Building Automation Systems for Energy Management 

 Zach Lammers, Anne Arundel County Public Schools, MD 

 Questions & Answers 
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BBC K-12 Sector Update 
Brooke Holleman, K-12 School Lead 

U.S. Department of Energy 



K-12 School Portfolio Snapshot    

  

   

     

 
    

   

    
 

       

       Energy Savings and Program Footprint Continue to Grow 

Accomplishments Total 
Number of Partners 30 

Approximate Number of Buildings 15,209 

Approximate Number of Square Feet 238.5 M 

Reported Savings 

Cumulative Energy Savings since 2011 3 TBTU 

Cumulative Cost Savings $25 M 

Average Annual Energy Intensity 
Improvement Rate 

2% 

30 Partners, 4 Goal Achievers in 10 years 
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Mt. Washington Elementary School

Partner: Bullitt County Public Schools, KY

32% Energy Savings; $28,000 Cost Savings

Warner Middle School Lighting and Controls

Partner: Xenia Community Schools, Xenia, OH

16% Energy Savings; $27,500 Cost Savings

Poudre High School Infrastructure Replacement

Partner: Poudre School District, CO

26% Energy Savings; $10,000 Cost Savings

Better Buildings K-12 Partner Results 
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26% Energy Savings; $10,000 Cost Savings 



   

                
         

Zero Energy Schools Accelerator 

Launched by DOE in the fall of 2016 as a targeted, three-year effort to identify, develop, 
and share strategies to overcoming barriers to achieving ZE schools. 
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Key Resources 

 Rural K-12 School Facility Workforce Development and 
Training Toolkit NEW 

 Lighting Toolkit for K-12 Schools NEW 

 Energy Efficiency & Renewable Energy Resources for 
Rural K-12 School Energy Managers and Educators NEW 

 Street Lighting Acquisition Evaluation Tool 

 Achieving Zero Energy: Advanced Energy Design Guide 
for K-12 School Buildings 

 DOE State and Local Solutions Center 

 DOE’s STEM Rising Newsletter 

 Better Buildings Workforce Guidelines 

7 Financing Navigator 2.0 

K-12 Lighting Toolkit 



    
   
      

   

Creating Better Learning Environments 
with Zero Energy Schools 
Cathy Lin, Energy Manager & Stormwater Program 
Administrator, Arlington Public Schools 



     
  

       

  

Creating Better Learning Environments with 
Zero Energy Schools 

Cathy Lin, Energy Manager and Stormwater Program Administrator 
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Agenda 

• Zero Energy 
Experience and Goals 

• Learning In Zero 
Energy Schools 

• Considerations and 
Lessons Learned 



  

  
  
    

   

  
 

  
    

  
  
 

  

Zero Energy Experience 

• Discovery Elementary School 
- Opened September 2015 
- Certified Zero Energy by 

International Living Future 
Institute 

• Fleet Elementary School 
- Under construction 
- Zero energy target 
- Utilizes solar power purchase 

agreement (PPA) 
• Reed Elementary School 

- In design 
- Zero energy target 



 

 
     

 
   
   
 

   
 

 
  

   
   

Discovery Elementary 

• Background 
- Neighborhood school 
- PreK – Grade 5 with 630 students 
- 97,588 GSF 
- Target EUI: 21.1 kBtu/sf 
- Actual EUI: 15.8 kBtu/sf 

• Integrated Design 
- Siting, massing, building envelope 
- Equipment efficiency 
- LED lighting 
- Geothermal well field 
- Solar tubes and arrays 
- Commissioning, measurement, and verification 



  

  
  

    

    
   

  
      

     
  
   
      

     

Zero Energy Goals 

• Why Zero Energy 
- Create healthy buildings 
- Demonstrate commitment to environmental 

stewardship 
- Lower operating and maintenance cost 
- Reduce greenhouse gas emissions 

• Arlington County Government 
- Green Building Policy, adopted 2008, revised 2019 
- Community Energy Plan (CEP), adopted 2013 

• Arlington Public Schools 
- County guidelines and policies 
- Design specification identifies Energy Use Intensity 

(EUI) targets and zero energy goals 



    

  
 

     
 
 

    
   

 

   

Learning In Zero Energy Schools 

• Active Learning Environments 
- Bioretention gardens 
- National Wildlife Federation’s Eco Schools 

USA Program 
- Solar lab 
- Student leadership forms Eco-Action team 
- Student led transportation tracking 

• Energy Dashboard 

Photo © Lincoln Barbour 



   

   
  

   
 

   
 

  
  

     
    

   
   

Considerations and Lessons Learned 

• Team Composition and Commitment 
• Integrated Team Approach 
• Highly Efficient Building Design 

- Building envelope 
- Geothermal heating and cooling 
- LED lighting 

• Third Party Commissioning 
• Measurement and Verification 
• State Policies and Utility Rate Schedules 

- General Assembly net metering legislation 
- Local utility standby charges 
- Local utility interconnection rules 



 
 

Thank You 
Aerial: AirPhotosLIVE 



   
    

     

From E(fficiency) to Z(NE) 
Nikolai Kaestner, Director of Sustainability 
San Francisco Unified School District, CA 



   Our Students Want Action 
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 Bold Leadership 
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   CA ZNE Building Goals 
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Doable 

21 



 Our Schools 
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 Part Deux 

23 



OMG!it 
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Doable??? 
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 EUI Goal 
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 There’s Hope 
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   What We’re Working With… 
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   Efficiency: The Only Way 
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  Amazing Heat Pumps 
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   Ground as Heat Sink 
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    As Efficient as It Gets 
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 Labor Concerns 
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   Make the Business Case 
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  Minimize the Delta 
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 Existing Opportunities 
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In Summary 

PROS: 

 Carbon Free Power 
 Fuel Switch 

 Low Electric Rate 
 Minimal Cost 

 Supportive Voters 
 Facility Bonds 

CONS: 

 No A/C 
 Electric Upgrades 

 Low Electric Rate 
 No Solar 

 No Demand Charges 
 No Batteries 
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SFUSD Building Strategy 

NEW SCHOOLS 

→ ZNE Ready 

MODERNIZATION 

→ System Replacements 

RENEWABLES 

→ In Due Time 
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  Enshrined in Policy 

Effective Immediately 
- New buildings designed to ZNE 
- New buildings pre-plumbed for rainwater harvesting 

By 2020 
- New fleet vehicles electric 
- Buses fueled with renewable diesel 
- Natural gas & water down 30% 

By 2030 
- All District vehicles emissions-free 
- Natural gas & water down 50% 

By 2040 
- District to cover power needs on site 
- Rainwater supplies 50% of water consumption 
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CHARLES DREW

Tule Elk Elementary

Harvey Milk Elementary

All Done, Right? 
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  Rules & Regulations 
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Overview 
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 Design Guidelines 
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  Standards & Specs 
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   Assume Not & Verify 
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 Get Help 
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 Smaller Projects 

➔ LED Lighting 
➔ Windows 
➔ DHW Replacement 
➔ Heating Controls/EMS 
➔ Ventilation/VFD 
➔ Pipe Insulation/Capping 
➔ NO: New Gas Boilers 

48 



49 



50 



 ZNE Staircase 
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 ZNE Adventure! 

52 



  New ZNC Buildings 
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Source: Google Maps

CHARLES DREW

Tule Elk Elementary

Harvey Milk Elementary

ZNC Retrofits 
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Making the Most of Building Automation 
Systems for Energy Management 
Zach Lammers, Program Manager – Energy Conservation 

Anne Arundel County Public Schools, MD 



    

  

   

      

     

  

        

           

Anne Arundel County Public Schools 

 Total Buildings: 125 

 Student Population: 78,000 students 

 Total Floor Area: 14 million square feet 

 99% Remotely Accessible – Web Based BAS 

 100% Air Conditioned 

 Resources allocated in 2012-13 to create Energy Conservation 
Division 
 We audit, track, advise, and implement energy conservation measures throughout the district 
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Setup 

 Energy Management: How We Use It, When We use It, How we Buy It… 

 HVAC is primary source of energy consumption in K-12 buildings… 
 Is Expensive Equipment running when it should be off? 

 Are they entering night heat / cool? 
 Are they running in occupied / unoccupied dehumidification too frequently? 
 Am I masking problems by thinking I have to run it all the time? 

 Are my Controls doing what they are supposed to be doing? 
 Do I need to run the Whole Building when only a fraction is used in the summer? 

 Can I shut down equipment an hour or two before typical end of day? 
 Night Survey – “What’s running that shouldn’t be?” 

 Leverage our Interval Meter and Building Automation Platforms to 
answer these fundamental Energy Management questions… 
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Common Challenges Faced 

 Scale / Number of Facilities 

 Diversity of Systems & Protocols 
 Historical Procurement led to multiple vendor-platforms 
 Legacy Systems with limited capability 

 Increasing System Complexity 
 ATC sequence variation 

 Engineer-to-Engineer 
 Evolving Energy Code 

 Multiple End Users 
 With Access and varying degrees of training… 
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Solutions 

 Global Scheduling centrally managed for over 1,000 pieces of 
equipment 
 Supports after-hours and weekend activities 
 Supports other building and district level needs 

 Extreme Weather 
 Demand Response 

 Implementing Standardized ATC Sequences 
 Proven sequence of operations 
 Easier to troubleshoot 
 Easier to scale 
 Ex: Chiller Plant Enable 

 Leverage Custom Analytics, Reporting & Notifications 
 Weekly Runtime Reports, Override Reports 

 Use Custom Querying & Dashboarding Capability 

 Provide Visibility to Building Personnel 
59 



  

     

 
 

 
 

 
 

 

 
                    

  

                     
     

   
                              

        

   
                   

           
           

  
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 

             
               

      

                                 
      

 
                               

     

 
 

  
 

  
 

  
 

  
 

  
 

  
 

  
 

  
 

  
 

  
               

            

 
                                  

         

   
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
               

    

 
               

    

Solutions Continued…Global Schedules 

Example Areas Impacted by Global Schedules… 

Classroom Classroom Classroom 
Global Schedule Admin Kindergarten Cafeteria Kitchen Gym Media Computer Lab Comments 

Area A Area B Area… 

Temporarily Temporarily Temporarily Temporarily Temporarily Temporarily Temporarily Temporarily Temporarily Temporarily Demand Response temporarily overrides all schedules to load shed for 
Demand Response 

Unoccupied Unoccupied Unoccupied Unoccupied Unoccupied Unoccupied Unoccupied Unoccupied Unoccupied Unoccupied Emergency DR scenarios… 

Occupied All Occupied All Occupied All Occupied All Occupied All Occupied All Occupied All Occupied All Occupied All Occupied All 
24.7 24.7 makes all units run occupied… 

Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night 

Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All This unoccupies the building and overrides any previously entered special 
Code Red (no activities) 

Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night requests because Code Red means no after hours activities… 

This unoccupies the building except the Admin and overrides any previously 
Occupied 6am- Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All 

Code Blue (no activities) entered special requests because Code Blue typically means no after hours 
4pm Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night 

activities… 

These are special requests like basketball games over a holiday break or after 
Occupied for Occupied for Occupied for Occupied for Occupied for Occupied for Occupied for Occupied for Occupied for Occupied for 

Special Energy Requisitions school activities in the summer that require certain areas to run while the rest of 
Specific Interval Specific Interval Specific Interval Specific Interval Specific Interval Specific Interval Specific Interval Specific Interval Specific Interval Specific Interval 

the school can remain in holiday mode… 

Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All this unoccupies the building for holidays like spring break but still allows special 
Holidays 

Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night requests like Church etc. to go on… 

Occupied 6am- Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All this unoccupies the building for holidays like Christmas break but keeps the 
Holiday Admin 

4pm Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night admin area running on normal schedule… 

Unoccupied Unoccupied Unoccupied Unoccupied Unoccupied Unoccupied Unoccupied Unoccupied Unoccupied Unoccupied 
this unoccupies the buildings on 6 out of 10 summer Fridays where this no admin 

Summer Fridays Friday All Friday All Friday All Friday All Friday All Friday All Friday All Friday All Friday All Friday All 
or summer school use…and needs to be a higher priority than Summer hours 

Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night 

Occupied 6am- Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All Unoccupied All this runs the admin and areas needed for summer class, parks n rec, etc. this 
Summer Hrs 

4pm Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night Day/Night schedule is unique to each school but is globally implemented… 

Occupied 2 Occupied 2 Occupied 2 Occupied 2 Occupied 2 Occupied 2 Occupied 2 Occupied 2 Occupied 2 Occupied 2 this can be used after a long weekend on extremely cold/hot nights to help each 
2 Hr Early Schedule 

hours early hours early hours early hours early hours early hours early hours early hours early hours early hours early building reach temp by occupancy… 

Occupied 5am- this unoccupies the building for holiday but permits the cafeteria to run which is 60 Election Day Unoccupied Unoccupied Unoccupied Unoccupied Unoccupied Unoccupied Unoccupied Unoccupied Unoccupied 
11pm where elections typically take place… 



   Solutions Continued…Standardized ATC Sequences 
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   Solutions Continued…Weekly Runtime Report 

Before After 
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Solutions Cont’d…Weekly Override Report 

Weekly report automatically emailed by BAS to outlook which has a macro 
to filter and sort… 
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Solutions Cont’d…Weekly Trend Summary Review 

Weekly review of pre-configured BAS trend studies commonly reveal overrides or 
programming errors that lead to excessive runtime or plant cycling... 

Before 

After 

Before 

After 
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Solutions Continued…Night Baseload Alerts 
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Before After 

Demand Trend Equipment DAT Trend 

Night Baseload Notification BAS Runtime Chart 



  

          
         

Solutions Cont’d…Sequence Improvements 

Several buildings were not programmed to require building occupancy in 
addition to OAT enable setpoint…thus night operation and cycling… 

After 

Before 
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Chiller Plant Enable Tabulated Results Thus Far… 

Measure Title Building Name Measure Type Equipment Type Status Estimated / Measured Savings 

Chiller Plant Enable Logic Annapolis ES - Metasys Control Cooling Systems (Chillers) Implemented $10,000 

Chiller Plant Enable Logic Brock Bridge ES – Tridium overlay of EBI-310 Control Cooling Systems (Chillers) Implemented $5,000 

Chiller Plant Enable Logic Brooklyn Park MS – Tridium Overlay of JCI Control Cooling Systems (Chillers) Implemented $15,000 

Chiller Plant Enable Logic Crofton ES – Tridium (previously Metasys) Control Cooling Systems (Chillers) Implemented $5,000 

Chiller Plant Enable Logic Davidsonville ES – Tridium (previously Metasys) Control Cooling Systems (Chillers) Implemented $5,000 

Chiller Plant Enable Logic Eastport ES – Metasys Control Cooling Systems (Chillers) Implemented $5,000 

Chiller Plant Enable Logic Four Seasons – Tridium (previously Circon) Control Cooling Systems (Chillers) Implemented $4,000 

Chiller Plant Enable Logic Georgetown East ES - Tridium Control Cooling Systems (Chillers) Implemented $2,420 

Chiller Plant Enable Logic Glen Burnie HS - Tridium Control Cooling Systems (Chillers) Implemented $15,000 

Chiller Plant Enable Logic Glendale ES - Metasys Control Cooling Systems (Chillers) Implemented $5,000 

Chiller Plant Enable Logic Lindale MS – EBI-410 Control Cooling Systems (Chillers) Implemented $10,000 

Chiller Plant Enable Logic MacArthur MS - Tridium Control Cooling Systems (Chillers) Implemented $10,000 

Chiller Plant Enable Logic Marley MS - Tridium Control Cooling Systems (Chillers) Implemented $10,000 

Chiller Plant Enable Logic Meade MS – Tridium overlay of JCI Control Cooling Systems (Chillers) Implemented $10,000 

Chiller Plant Enable Logic Nantucket ES – Transition from Circon to Tridium Control Cooling Systems (Chillers) Implemented $5,000 

Chiller Plant Enable Logic Oak Hill ES – Tridium Control Cooling Systems (Chillers) Implemented $5,000 

Chiller Plant Enable Logic Rolling Knolls ES – Tridium Control Cooling Systems (Chillers) Implemented $5,000 

Chiller Plant Enable Logic Severn River Magothy – Tridium (EBI-310 previously) Control Cooling Systems (Chillers) Implemented $10,000 

Chiller Plant Enable Logic Severna Park MS - Metasys Control Cooling Systems (Chillers) Implemented $10,000 

Chiller Plant Enable Logic Southern HS – Tridium Control Cooling Systems (Chillers) Implemented $17,649 

Chiller Plant Enable Logic Traceys ES - Tridium (Previously Honeywell) Control Cooling Systems (Chillers) Implemented $5,000 

Chiller Plant Enable Logic Arundel HS – Metasys JCI Lon Control Cooling Systems (Chillers) In Progress $15,000 

Chiller Plant Enable Logic North County HS – Legacy Honeywell Control Cooling Systems (Chillers) In Progress $15,000 

Chiller Plant Enable Logic Sunset ES – Tridium overlay of EBI-310 Control Cooling Systems (Chillers) In Progress $5,000 

Chiller Plant Enable Logic Van Bokkelen – EBI-410 Control Cooling Systems (Chillers) In Progress $5,000 

67 Projected Energy Savings --> $209,069 



   

 
          

   
      

         
              

     
        

     
     

  
      

Continuing Effort & Goals 

 Currently 
 Leveraging BAS platforms to execute fundamental energy management practices and 

find additional efficiency opportunities 
 Retroactively implementing standardized ATC sequences where appropriate 

 Ex: Chiller Plant Enable, HW Plant Enable, OSS, etc. 
 Using real-time electric data in combination with BAS data to support M&V and business 

case 

 Goals 
 Migrating each school to centralized platform 
 Increasing the number of facilities with real-time energy information 

 2/5 of facilities have it 
 all HS’s & MS’s, some ES’s 

 Integrate Lighting Control 
 Currently non-networked standalone systems managed at schools 
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Contacts 

 Brooke Holleman, K-12 Schools Lead 
U.S. Department of Energy 
brooke.holleman@ee.doe.gov 

 Cathy Lin, Energy Manager & Stormwater Program Administrator 
Arlington Public Schools, VA 
cathy.lin@apsva.us 

 Nik Kaestner, Director of Sustainability 
San Francisco Unified School District, CA 
kaestnern@sfusd.edu 

 Zach Lammers, Program Manager – Energy Conservation 
Anne Arundel County Public Schools, MD 
zlammers@AACPS.org 
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Thank You 

Provide feedback on this session 
in the Summit App! 

Download the app to your mobile device or go to 
event.crowdcompass.com/bbsummit19 
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