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1. Program Title: Campus Energy and Sustainability Management System (CESMS)

2. Program Type: The Campus Energy and Sustainability Management system is helping to
reduce energy use and associated greenhouse gas emissions at Dartmouth College by using a
web-based interface to multiple database platforms to track, report, and optimize building
energy performance.

3. Summary of Work Completed:
Work during the 2-year contract period consisted of:

¢ Planning for deployment of the Campus Energy and Sustainability Management
(CESM) System

e Contracting with Rockwell Automation to develop and deliver a packaged
VantagePoint solution to meet our requirements

e Automating our 250 building-level energy meters

e Connecting to multiple related energy-monitoring and energy-consuming systems

o Creating reporting structures, content, and activities to use the system to drive down
energy use and resultant greenhouse gas (GHG) emissions

A summary of the key elements of the 2-year project follows:
3.1. Planning

3.1.1. Development of Functional Requirements Specification (FRS) with the
inclusion of the following stakeholder groups:

o Facilities Operations — Building Management System team, Heating/Electric
Plant team, Energy Program Team, top-level Planning, Design, Operations
and Administrative team

o IT and Networks — Network communications and Administrative Computing
Team

e Sustainability Office — Sustainability Manager and sustainability intern

e Financial - Facilities Operations Financial team

e Academic Departments — Faculty representatives from Thayer Engineering
School, Tuck School of Business, Dartmouth Medical School, Computer
Science Department, Environmental Studies Department and, Dean of
Faculty administrative office

3.1.2. Development of a Meter Automation Plan— Planning for automation of the
greater than 250 building-level energy meters on campus (condensate, electric
and chilled water meters). This included ordering approximately 40 IP
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3.1.3.

3.14.

3.15.

3.1.6.

3.1.7.

addressable electrical meters to replace old analog-style meters and ordering
approximately 200 wireless pulse transmitters to connect to existing condensate,
chilled water, and some electrical meters.

Purchasing of Server Equipment and Supporting Software — Two network
servers were ordered and installed in Dartmouth’s remote data center. These host
several database programs which support the metering and operational software
for the CESM system.

Planning for Connection to BMS Systems — Plans were made for connection to
over 30,000 Building Management System points via Rockwell software
connectors to the Honeywell and Johnson Controls building management
systems. Minor upgrades were made to some systems to accommodate
connections.

Connection to Heating/Electrical Plant SCADA Systems — Plans and technical
details were developed for connection to the Heating/Electrical plant control
systems via a data historian computer and related software.

Establishment of Energy “Tiger Team” - A team of internal technical
specialists was established to begin development of methods and practices for
use of the Campus Energy and Sustainability Management (CESM) System as a
tool for building system Retro-Commissioning and persistence Continuous
Commissioning, energy system alarming, energy system optimization strategies,
and other operational activities that will help drive campus energy usage and
GHG emissions downward. The team consists of Building Management System
(BMS) specialists, electrical system specialists, mechanical system specialists,
and the campus Energy Program Manager. Planning was put into place for
creation of new roles within the Facilities Operations department to administer
and use the CESM System.

Establishment of Academic Collaborative - The beginnings of a
Facilities/Academic collaborative was established to develop and execute
methods of evaluating the impact of feedback and social networking tools on
occupant behavior via use of the CESM System.

3.2. Execution

3.21

Task 1 Items:

o Automated > 250 building-level energy meters — implemented a metering
automation program for condensate, electrical, and chilled water meters.
Installed new IP-addressable electrical meters where existing analog meters
could not be retrofitted (approx. 50), and installed wireless pulse counters on
meters the remainder of meters (approx. 200). All meters report back to an
interval data storage database (Rockwell RSEnergyMetrix) and are logged
every 15 minutes, providing nearly 3,000 energy demand data points per
meter per month. This replaces a manual system of meter reading where only
a single consumption value was collected per month per meter. The immense
increase in data collection points allows the pattern of daily energy use for
each building to be seen very clearly.

Dartmouth College Facilities Operations & Management Page 2
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Challenges, Problems, Delays: This task took considerably longer than
anticipated due to the complexity of program. Each meter had its own
particular challenges which could not have been easily determined prior to
starting the project. We used a staff of 2 dedicated electricians to complete
this task with them staying on the project until it was completed. The cost
of materials for the metering program was higher than anticipated, in large
part due to the complexity of making the wireless metering infrastructure
work reliably. We ended up using more gateway devices and repeaters than
originally estimated.

Installed approximately 30 additional IP-addressable electrical sub-
meters for monitoring lighting and plug-loads serving student living
quarters. This allowed us to conduct research on behavior-based energy
usage in dormitory spaces.

Connected to Johnson Controls and Honeywell Building Management
Systems (BMS) — Implemented software connectors to connect to the two
BMS systems, achieving a greater than >30,000 point visibility. These
connections allow us to poll the operations of each energy-consuming HVAC
system serving the 130 buildings on the Main Campus. Polling allows us see
trend data collected by the host systems in any combinations that we desire.
Many recallable trend combinations for the BMS systems have been set up
and “published” into the Rockwell VantagePoint system, allowing multiple
users to access the data sets.

Connected to Heating/Electric plant control systems using data historian
software. This allowed us to retrieve and re-historize Heating/Electric Plant
data in the CESM System environment without a direct connection into the
Heating/Electric plant SCADA system. We collect approximately 50 points
of critical energy consumption and performance data from the
Heating/Electric Plant every 15 minutes.

Challenges, Problems, Delays: This task took somewhat longer and was
costlier than anticipated. In order to satisfy the request of the
Heating/Electric Plant supervisor that we not connect directly into the Plant
process control system(s), we established a methodology of making that data
visible on the Plant side and then collecting and historizing the data on the
CESM side of the system. This method has proved to be effective in
collecting the data and providing operational isolation of the two
systems, however it was more costly than originally anticipated.

Connected to NOAA weather service for hourly weather data collection

Built baseline energy performance parameters for each Main Campus
building. This was done using historical energy profile data for each meter
and the hourly NOAA weather data. Baselines provide predictive
calculations of energy use on a continuous 24-hour look-ahead basis. By
tracking predictive energy baselines vs actual energy use, we are able to see
deviations and investigate why systems may be using more energy than
predicted.

Challenges, Problems, Delays: This task took somewnhat longer than
anticipated because it was dependent upon meters being automated. Good
baseline calculations require a minimum 3 seasons of energy performance
data for each meter. The delays in implementing the basic meter automation

Dartmouth College
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3.2.2

3.2.3

program affected this portion of the project, resulting in a 1 to 2 quarter delay
in putting the baseline calculations together. As time has moved forward, we
have returned to the original baseline calculations and re-run them in a
number of cases in order to get better accuracy in the predictive performance.
Having greater than one year of energy operating data for all meters now
allows us to review these baselines on a regular basis.

Set targets for energy alarms (actual use greater than predicted use for a set
period of time)

Created Sustainability Indices for Solid Waste Streams, Water Use,
Recycling, #2 Fuel Oil, Propane, and Diesel Fuel

Set up parameters for evaluating high-performance Campus buildings
against their original design criteria (BTU/SgFT/Year)

Task 2 Items:

Connected energy data from student living quarters into the Campus
Energy and Sustainability Management System.

Added additional feedback display systems in multiple student living
quarters.

Evaluated impact of feedback on occupant behavior via separately-funded
research project

Conducted outreach to students, staff and faculty about recommended
conservation measures

Developed case studies where occupant behavior accounts for a relatively
high proportion of total building energy use

Task 3 Items:

Established validation program to ensure that meter automation results are
providing accurate results

Established program to verify the polled data from the Building
Management Systems.

Set target reductions for top 30 energy-use-buildings based upon baseline
energy performance calculated by CESM System

Monitored financial expenditures and performance of the program

Used the system to assess the effectiveness of behavior change campaigns
and social learning experiments

Prepared to share the results of the measurement and verification
program in an annual summary report

4. Summary of Overall Project Completed:

Dartmouth’s Campus Energy and Sustainability Management (CESM) System
consists of a variety of integrated applications and related databases, working together
to provide visibility and management of the use of energy and resources on campus.
The system vendor is Rockwell Automation. The Rockwell VantagePoint
applications and databases were designed to work together to provide a custom

Dartmouth College
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solution for our needs. The system provides the following general capabilities (Please
refer to System Block Diagrams for overviews:

* Reading

nters via
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4.1. Collection and storage of:

e Automated meter data from Dartmouth’s 300+ energy meter infrastructure
(approx..130 Buildings; partial listing and examples below)

e Purchased energy resource data (#6 fuel oil, #2 Fuel Oil, Diesel and Propane,
Gasoline, etc.)

e Material resource data (trash, recycling, water, etc.)

e Energy and resource use related to Greenhouse Gas Emissions

e Hourly weather data for the Hanover region from connection to the National
Oceanographic and Atmospheric Administration (NOAA) website

4.2. Connection to:

e Honeywell and Johnson Controls Building Management Systems (BMS) for

Dartmouth College Facilities Operations & Management Page 7



Dartmouth College — Campus Energy and Sustainability Management System

NHGHGER Fund Final Report — January 31, 2012

access to their current and historical trend data

e Heating and Electrical Plant process control systems (ABB) for access to their

current and historical trend data

4.3. Views of Energy Use in Real and Historical Time

| DomainMdeter: All Meters (Eventhing - Ungrouped)Parkhurst Hall Main Electric EDD33

Ieter type: Electric  Device class: OPC Server
Mieter Data |[ Trena | Catendar Trend |[Meter Setup |
Tag  Real Powser Demand v B E Month | March | Year|[2012 _
March 2012
Sun Mon Tue Wed Thu Fri Sat
T z I8
,,a‘w(\ﬁ b RS
0 B B 7 g g 10
M 12 e 13 T 4 L T i3 A 17
| I3 faan
_J\! \ !J \ J \\ ||II ‘\ | \lL
e, | o \\-ﬂ_\‘ Lt pa” e L YRR S
I 13 120 11 : 22 FE] Z4
Il.mv\.‘ {.,«\ (4‘“\ I,JVHL‘ Ir."‘q
1
| rnrmananan A)’KI \‘-J...J‘ l“\.wﬂj *\nw)"J L
1
\[z5 I3 Z7 2= g |70 El

Calendar Trend View

Domaintieler All Meters Evenything - UngroupedyParkhurst Hall lain Electric E0033
Meter tipe: Elecinc  Device class: OPC Server
[[teter pita | [ Trend | [ Cakndar Trend | [Weter Setua |

Time zone | (GWT-05:00) Eastem Time (US & Canada) | [Elshow gndlines

N2 28012 sz TN

Jin  February2012°  War Jan  February2012 Mgy | Select 3 meter 13 to display an graph

Sun Mon Tue Wed Thu Fi Sat Sun Mon Tue Wed Thu Fr Sat Units Dornaint:
f 123 ¢ (G (i) (Remon ) Y00S5
gz 1234 (g () (Remen )[R
12 13 18 15 161718 12 1 1 15 W@
18020 21 2 WA 120 A W B
% a2z % 0 A

Trend View — Any Time Period

Dartmouth College Facilities Operations & Management

Page 8



Dartmouth College — Campus Energy and Sustainability Management System
NHGHGER Fund Final Report — January 31, 2012

access to their current and historical trend data

e Heating and Electrical Plant process control systems (ABB) for access to their
current and historical trend data

4.3. Views of Energy Use in Real and Historical Time

Calendar Trend View

Trend View — Any Time Period
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4.4. Predictive Load Analysis and Trends

e Dashboard views of each building’s energy use vs. predictive energy use

Dartmouth College Facilities Operations & Management Page 9
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e Predictive load projections of individual meter, building level, or campus level
utility usage (24 hour forward load projections)

e Pre-configured and ad-hoc trend analysis from any combination of BMS,
metering, and Heating Plant points

[eramas | N
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Facilities Operations & Management Page 10



Dartmouth College — Campus Energy and Sustainability Management System
NHGHGER Fund Final Report — January 31, 2012

4.5. Greenhouse Gas Accounting

We have configured the CESM System to integrate directly with the Clean Air-Cool
Planet (CACP) Campus Carbon Calculator program. The CESM System records units of
energy and resource use in its database tables from automated energy metering, manual
data sources, and bulk-upload sources, and, on a monthly basis, links this data to the
Clean Air Cool Planet Carbon Calculator. The process uses CACP’s GHG emissions
factors and calculation engine to update the Scope 1, 2, and 3 emissions; any offset
values, and produces an updated view of fiscal-year-to-date Net Greenhouse Gas
Emissions.

Having a link to the Clean Air Cool Planet GHG calculator allows us to track progress in
lowering our GHG emissions and compare this to the reduction trajectory pledged by the
College in 2008. An example output graph is shown, below. Our Sustainability Office

will continue working with us to add greater content to this feature of the CESM System.

|||IIII
-
-

8

Dartmouth College Facilities Operations & Management Page 11



Dartmouth College — Campus Energy and Sustainability Management System
NHGHGER Fund Final Report — January 31, 2012

4.6. RetroCommissioning Tool Set

Our new CESM System provides us with excellent tools to detect faults and operational
inefficiencies in HVAC and other energy systems. We have used these capabilities in our
on-going RetroCommissioning (RCx) programs for the Berry Library complex, our
Central Chiller Plant, Alumni Gymnasium complex, and other facilities. Examples of
operating issues detected by the CESM System (before) and the fixed systems (after) are
shown below. In the examples below, outdoor air dampers were continually cycling
during summer and winter, and other ventilation controls and programming issues were
causing a large waste of energy. This has since been remedied and is continually checked
via the CESM System.

Continuously cycling ventilation dampers causing wasteful heating of outdoor
air during winter and wasteful cooling of outdoor air in the summer

Problem Resolved. NO damper cycling and NO heating of outdoor air and it is
Minus 16 Degrees F Outside!

Dartmouth College Facilities Operations & Management Page 12
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Erroneous CO2 sensor giving bad signal to ventilation dampers and causing
winter and summer energy waste.

y Library AHU-2
-1
Jamper Actuators Installed and Cx'd Jan 11, 2011

Damper actuators replaced and control programming issues resolved, resulting
in substantial savings.
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CESM System is an excellent tool for Persistence Monitoring of Retro-Commissioned buildings. In this
example, the CESM System is monitoring conditions for all 40 Variable Air \Volume room terminals serving
Air Handling Unit-1.

The Berry Library Retro-Commissioning project has yielded excellent results and is continually
tracked for performance by the CESM System. Total savings for the first 6 months of operation
were greater than $250,000. The table below shows a summary of these savings.

Berry Library Retro-Commissioning Re
First 6 Months of Operation

6 Months 6 Months Energy Savings Savings

FY’10-'11 FY’11-'12 Savings (%) (S)
Steam 73,454 61,372 12,082 100’s # 16.4% $43,495
Electric 2,829,625 2,533,223 296,402 kWH 10.5% $38,532
CHW 1,027,430 733,040 294,390 Ton-Hrs 28.7% $176,634
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4.7. Reporting

Many reports have been built for the system with more coming on line all of the time.
The Rockwell VantagePoint system has an “Add-in” capability to Microsoft Excel
which allows us to retrieve live or historical system data from the many sources that
we are connected to. Once we bring the data sets into Excel, we can then manipulate
the data, performing other functions, including modeling of system performance,
calculating system efficiencies, determining rankings, creating statistical views,
developing dashboard displays, etc. We can then “publish” the results back into the
VantagePoint CESM System model so that other campus stakeholders can see the
results via web-based displays, keeping the data fresh and accessible. Some examples
are included, below:

e All-Building-Summary of actual energy performance vs. predicted energy
performance (green is as predicted, blue is lower than predicted, red is greater
than predicted).

Dartmouth College Facilities Operations & Management Page 15
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e Chilled Water Plant Reports —These reports show our large Central Chilled Water
Plant in action. We can see equipment staging, real-time energy use, system cost
per hour, calculated efficiencies, chiller loading, and overall performance
characteristics.

L
|

e Chilled Water Delta T Report —This report shows each building’s use of chilled
water (return temperature minus the supply temperature). A high delta T is good
as it means that the building is using the chilled water efficiently and is allowing
the chillers to work to their optimal design points and provide substantial cooling
loads to the campus.

Dartmouth College Facilities Operations & Management Page 16
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e Heating and Electric Plant Reports — Showing campus-level use of purchased
electricity and fuel oil, and production of steam and cogenerated electricity

[ e |

-
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e Monthly reporting of energy production, purchased utilities, plant efficiencies,
peak demand values, billing amounts vs. metered amounts, etc.

] ot ime
T
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e Sustainability Indicators (fuel oil use, solid waste, recycling, composting,
refrigerants, etc.). For these items we are able to track trends in usage and
compare values with targets we have set for improvements.
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e Building performance metrics (MMBTU, BTU/Sq. ft/Yr, etc)
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e EnergyStar reporting for each building — The VantagePoint system tracks a
rolling 12-month summation of energy use for each building and produces an
Annual Energy Consumption graph in KBTU/Sq.Ft. This is compared to an

EnergyStar normalized value for peer building types in similar climates.

[
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4.8. Data Sharing and Its Influence on Energy-Use Behavior

As part of the Grant, we explored (and continue to explore) use of energy
feedback information to influence energy behavior of building occupants. During
the course of the Grant, we had the privilege of working with Dartmouth
GreenLite, an academic program run by Professor Lorie Loeb of the Computer
Science Department. The GreenLite program uses energy display systems to draw
students into behavior change by revealing their use of energy in real-time. The
GreenLite program uses animated displays which create an emotional connection
between building occupants and their energy-use behaviors.

Because our metering infrastructure allows us to serve data values out to 3rd-party
collaborators, we have assisted the GreenLite program in setting up the
infrastructure necessary for all of their projects on campus. One such program
took place in the spring of 2011 at the Tuck School of Business. The outgoing 2"
year graduate students left a legacy gift to be used for an energy-visibility project.
The GreenLite program was chosen by the Tuck School administrators as an
effective means of honoring the gift. Our Energy Program Office assisted in
design, installation, and setup of the 17-meter infrastructure necessary to support
the program.

In the Tuck case, 7 residential floors within two living-learning buildings were
outfitted with electrical sub-metering and local touchscreen displays. The displays
show live animated images and graphical images of energy-use patterns for the
occupants (see below):

A competition was established in the spring, placing residential floors in
competition with each other to see who could have the greatest percentage
reduction in use of electricity. In addition to the metering infrastructure and
displays, a research project was undertaken by the GreenL.ite project, to determine
the motivation of occupants to use the system, and some of the derivative impacts
of their interactions with the systems. The results of this research are included in a
poster in the Appendix. In general, the students were curious to learn more, and
their interaction with the GreenLite displays resulted in them thinking on a
broader level about the impacts of their actions on climate change and global use
of resources.
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Savings based upon behaviorioral impacts typically ranged between 5% and 20%,
with most falling in the 5% to 10% range. Additional screenshots of Tuck and
other GreenL.ite installation are shown below:

Competition Mode — One Dormitory Floor vs Other Floors

Graphical View — Now vs Monthly Average + Min/Max Ranges
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Campus View Locator Plan for GreenlLite Kiosk Locations

GreenlLite Energy Tips

Dartmouth College Facilities Operations & Management
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Energy Contextualization — What Are Some Equivalents?

4.9. Alarming

e The VantagePoint system provides the capability of alarming any monitored or
calculated system variable when the value falls outside expected performance
parameters. We are beginning to make use of this capability to detect faults and
provide notification to Facilities Operations and Management staff.
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4.10. Utility Billing

e Processing monthly utility billing usage for central campus connected utilities

e Providing detailed historical energy reports by building or cost center
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e Exporting a monthly billing file to the campus Oracle financial system

e Storing and retrieving historical utility consumption data
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5. Jobs Created — To date, two jobs have been created, directly attributable to the
implementation of the CESM System project.

Energy Management Analyst position — In January of 2012, we hired a full time analyst
to manage the day-to-day operations of the CESM System, keeping the system up to date,
running specialized reports to determine locations for energy waste on campus, working
with the Sustainability Office for additional visibility of our programs, and to provide
continuous additional content to the CESM System.

Building Management System Operator position — In March of 2012, we will hire a new
full-time technician to join the Building Management System team. This position was
created in response to increased number of work orders generated by energy visibility
from the CESM System. Our new hire will assist the Energy Team in tracking down and
remedying the energy-waste issues detected by the CESM System.

6. Obstacles Encountered or Milestones Not Reached

Implementation of the Campus Energy and Sustainability Management System was a very
complex project. According to our Administrative Computing Department, the CESM
System is the second-largest data-integration project undertaken on the Dartmouth campus.
Despite the challenges of managing multiple sub-projects over the course of the contract, we
have successfully managed to reach each of the milestones, if not always in the estimated
time. The greatest obstacles encountered included the following:

Meter Automation Program Complexity — The sub-project of automating 300 energy
meters was a very complex task which ran longer than anticipated and entailed greater
capital dollars and labor hours than anticipated. Nonetheless, we stayed the course and
were able to complete all work on this sub-task within the timeline of the overall contract.

Validating the CESM System Solution — Because the CESM System was brought on line
piece-by-piece over the course of a 2-year period, it proved difficult to validate that all
pieces worked nicely with each other until near the end of the program. When we were
able to view all of the pieces together, specific interactions and report components were
found to need additional work and documentation (see below) to ensure that they
provided the value and repeatable performance promised by the vendor. As the
NHGHGER Fund Grant ended, these final pieces were being addressed by Rockwell
Automation.

Documenting the CESM System Solution — In the process of validating the CESM System
and ensuring accuracy and repeatability of performance, it became clear that the overall
system was not well documented by the vendor. The custom nature of our solution
required that the deliverable be fully documented and it was not. Documentation of the
solution is ongoing as this Final Report is being prepared. We are confident that we will
have a suitable working document, detailing our system operations in the very near
future.

RetroCommissioning (RCx)Program Delays — One of the key benefits of the CESM
System is its ability to look into the building HVAC control systems and detect system
performance issues. The delays in achieving full functionality of the CESM System,
resulted in a somewhat late start on our planned RetroCommissioning program. Although
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this slowed down initial RCx program activities, we have overcome these issues and are
now fully engaged with using the CESM System for our RCx programs.
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7. Beyond the Contract — Other Activities, Partnerships, and Synergies

Implementation of the Campus Energy and Sustainability Management System has allowed
us to create a number of productive and rewarding relationships with outside system vendors
in the energy control market, various alumni specializing in the fields of energy monitoring,
control and data visualization, faculty working on energy visibility and problem solving, and
relationships with student interns who have helped us deploy and begin to maximize use of
our new CESM System. Examples include:

o Alumni and Faculty/Student Relationships - Working with Dartmouth alumnus
Marc Josephson, of J+F Labs, developers of CORIS ECS wireless control systems,
and Lorie Loeb, Professor in the Computer Science Department, we were able to
develop and install a wireless control system and integrated touch screen control
system that now directly controls 36 new lighting fixtures in our West Gym facility.
The system continuously monitors the energy use of the lighting systems in the West
Gym and via our CESM System, we have verified an 82% reduction in lighting
energy use for this facility!

1t
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o WISP Program Relationships — More recently, we have worked with Dartmouth’s
Women in Science Program to highlight our largest energy conservation and
efficiency program currently taking place at Burke Chemistry. The WISP Program’s
mission is to collaborate in creating a learning environment where women can thrive
in science, engineering and mathematics. This goal is achieved by enhancing the
experiences of Dartmouth women, particularly in their first year, through a
comprehensive set of strategies, including mentoring, early hands-on research
experience, role models, access to information, and building community in the
sciences.

In our instance, we have created a relationship with Dartmouth WISP students around
a $10 million energy retrofit project, involving replacement of Burke’s two
inefficient steam absorption chillers with two new electric-drive chillers, installation
of heat recovery systems and a complete reconfiguration of the laboratory exhaust
systems and their associated controls. This project is being undertaken over the
course of 1 year and is currently about 50% complete. The project will tie into our
CESM System with detailed performance monitoring of the energy use of the
renovated systems. The WISP students are documenting the progress of the job with
a multi-media website and will also perform energy modeling to show building
occupants the impact of controlling use of their fume hoods wisely. The project
website link is http://www.cs.dartmouth.edu/~burke/.

'ct
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8. Grant Promotional Activities

Various promotional activities have taken place over the course of the Grant period to
spotlight what we are doing with our CESM System, how the CESM System is helping
Dartmouth to better manage its use of energy, and how we are tracking our GHG emissions.
Avrticles, activities and speaking engagements included:

Dartmouth News Press Release — 11/23/09 (see attached Article — PDF)

Hanover Rotary Club - Presentation on “Dartmouth’s Energy Initiatives” in January
0f 2010, highlighting Dartmouths energy programs and the Campus Energy and
Sustainability Management System

Sustainable Design Symposium — Held at Dartmouth College in April of 2010 and
co-sponsored by the New Hampshire AIA. Presentation to gathering of architects,
engineers, faculty, students, and campus community, titled, “Energy Innovation at
Dartmouth College”. Presentation spotlighted Dartmouth’s Campus Energy and
Sustainability Management System and how it is being used to monitor high
performance building operations in its newly designed and built environment.

Matariki Institute — Presentation to gathering of 7 international universities with
Dartmouth representing the United States. Held at Queens University, Kingston,
Ontario Nov. 2010. Presented “Campus as a Living Laboratory, highlighting
Dartmouth’s energy programs, its Campus Energy and Sustainability Management
System capabilities, and the linkage to academic programs for leaning about energy
systems.

Energy Supply and Management Conference at Dartmouth College — Sponsored
by Competitive Energy Services — May 2011. Presented a detailed view of
Dartmouth’s Campus Energy and Sustainability Management System and how it is
being used in all facets of energy programs on campus.

Tuck Sustains Launches the GreenL.ite System in Tuck Residence Halls- Thanks
to a gift from the Class of 2010, Tuck Sustains launched the GreenL.ite system in
Whittemore, Achtmeyer, and Pineau-Valencienne residence halls. GreenLite, an
energy and sustainability information system where an animated polar bear and
penguin serve as a visual indicators of energy use. The GreenL.ite program was
created by Lorie Loeb of the Computer Science Department and a team of
undergraduate students. A competition to reduce energy use was held in the spring of
2011 among the Tuck students living on campus.

Northern New England Conference/ Eastern Region/Association of Physical
Plant Administrators (NNECERAPPA) Conference - Presentation to gathering of
physical plant administrators for Colleges, Universities and Secondary Schools, held
at Bates College in Lewiston, ME. Presentation was titled, “Data Driven Building
Performance”. Presentation high-lighted Dartmouth’s use of data systems to monitor
performance of its energy-intensive systems.
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9.

10.

Budget vs. Actual Expenditures

A detailed comparison is presented in Appendix Exhibit 1, showing Budget and Actual
Expenditures for the Grant Contract Period. Differences are shown and explained in a
comments column. In summary, during the Contract period, the College spent $928,568 for
installation, setup, and use of the CESM System. This amounted to 84% of the anticipated 2-
year expenditure. We, therefore have requested payments from the Fund in the amount of
84% of the Approved Grant Amount of $330,936, or $278,597.

In summary, expenses were greater during the installation phase than expected, primarily due
to the complexity of the meter automation program. During the second contract year,
expenses were less than anticipated because our collaborators (academic departments and
Office of Sustainability) provided their activities at no cost to the program. We also ran the
Retro-Commissioning programs and Continuous Commissioning programs through other
funding sources, so these costs were not seen by the Grant.

Additional Planned Activities Related to the Grant

Developing, using, and promoting the Campus Energy and Sustainability Management
System has allowed us to develop a number of relationships that we might not have
encountered if we have not received the Grant. As we end the official Grant phase, there are a
number of additional activities that we would like to undertake that would not necessarily
have not been in our program, should we have not received the Grant . These include:

e Behavior feedback — We plan on continuing to work with the GreenL.ite program and
also Dartmouth’s WISP students to develop displays that show fume hood exhaust energy
use in real time to researchers in our Lab buildings. We hope that this helps reduce the
amount of time that fume hood sashes are left open; a very wasteful practice.

o Key Performance Indicators — We would like to develop additional energy visibility
projects with academic departments, including the Engineering, Computer Science, and
Environmental Science departments. Under these projects, we would create useful key
performance indicators (KP1’s) for tracking energy use by targeted systems in high-
energy-use buildings.

e Share Building Performance and Resource Use Metrics Data — We plan on sharing
building performance and resource use metrics collected by our CESM System with
architectural/engineering design groups, sustainability organizations and with peer
institutions. Detailed metered and resource data such as this is not as readily available at
many other institutions. Dartmouth is fortunate to have had the metering infrastructure
already in place at the time that we received the Grant, and, due to the Grant it is now
automated. Sharing the data on energy and resources will help other institutions compare
their performance with our performance and will help to building a user database on
building energy performance and material and resource usage patterns.

e Develop Additional Automated Fault Detection Capabilities — We would like to
expand the capabilities of the CESM System to help detect wasteful energy use by means
of automated fault detection of key energy-consuming systems. We intend to work with
academic departments to pursue this goal. Development of automated fault detection
algorithms would make good independent study projects for Dartmouth students.
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11. Summary

We are pleased to have been chosen to receive the Grant from the NHGHGER Fund and are
appreciative of the opportunity to put our ideas into action. Planning, executing and now
using the Campus Energy and Sustainability Management System has been a very rewarding
experience for those involved in the project. We have also learned a good deal about energy
feedback and behavior from our relationship with the Dartmouth GreenL.ite project.

During the course of the Grant, our Energy Program Office has grown from one person to
five people, with those staff actively using the CESM System. One of the staff is dedicated to
management of the CESM System, and we are enlisting our Building Management Shop
system into use of the system for fault detection, troubleshooting, and installation of sub-
metering for many more energy systems.

The Campus Energy and Sustainability Management System is proving to be an excellent
operational, communications, and energy behavior tool. We feel that we are just at the
beginning of a journey and look forward to continuing collaborations around the CESM
System’s many topical areas. We will continue to share our results with the NHGHGER Fund
as we move forward.

Respectfully submitted,

Stephen R. Shadford, P.E., LEED AP

Dartmouth College

Energy Manager

Principal Investigator for NHGHGER Fund Grant Project
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Exhibit 1

Dartmouth College

Campus Energy and Sustainability Management System

Budget vs Actual Expenditure Comparisons

YEAR 1 COSTS
Installation, Setup and Commissioning of Hardware and Software
1. Server Hardware & Software
2. System Software & Vendor Configuration Services

3. Vendor Travel and Expenses
4. Meter Automation Hardware

5. Meter Automation Labor (Dartmouth Electrical & Electronics Shops)

6. Upgrades for Connectivity

7. Project Management Labor (Dartmouth Energy Engineer)

Subtotal

8. Contingency 10%
Total Installation, Setup and Verification of Hardware and Software
Labor Using System to Achieve Savings via Continuous Commissioning Process
9. Continuous Commissioning Labor Using System
(Dartmouth Facilities Operations & Management)

Continuous Commissioning Labor

Original Budget
Cost
(O]

25,000
300,000
10,000

133,700

70,500

60,000

70,000

$669,200

66,920
$736,120

52,000

$52,000

Labor Using System to Leverage Additional Savings via Feedback, Social Learning and Behavior

10. Social Learning, Individual & Organizational Behavior
Collaborative Projects w/Academic Dept's.

11. Communication and outreach (Dartmouth Sustainability
Manager)

Academic Project Labor

YEAR 1 SUBTOTAL

YEAR 2 COSTS
System Maintenance
12. System Maintenance Fee

Labor Using System to Achieve Savings via Continuous Commissioning Process
13. Continuous Commissioning Labor (Dartmouth Facilities Operations & Manag

45,000

5,000

$50,000

$838,120

54,000

156,000

Labor Using System to Leverage Additional Savings via Feedback, Social Learning and Behavior

14. Social Learning, Individual & Organizational Behavior
Collaborative Projects w/Academic Dept's.

15. Communication and outreach (Dartmouth Sustainability
Manager)

YEAR 2 SUBTOTAL
TOTAL PROJECT COST (YEAR 1 + YEAR 2)

MATCHING FUNDS REQUESTED FROM NH GHGER FUND (30%)

State of NH GHG Emissions Reduction Fund - Final Report

45,000

10,000

$265,000

$1,103,120

$330,936

Actual
Expenditures
During Grant

Period

©)

22,902
225,000
7,132

208,730

293,200

102,894

59,224

$919,082

564
$919,645

9,013

$9,013

0

$0

$928,658

$0
$928,658

$278,597

Difference
(+is Greater than
Expected
- is Less than
Expected)

-2,098
-75,000
-2,868
75,030

222,700

42,894

-10,776

$249,882

-66,356
$183,525

-42,987

-$42,987

-45,000

-5,000

-$50,000

$90,538

-54,000

-156,000

-45,000

-10,000

-$265,000

-$174,462

-$52,339

Comments on Budget vs Actual Expenditures

Complete

Final payment of $75,000 is being held pending
completion of remaining project details by system vendor
(Rockwell Automation).

Complete

Complete. Cost and complexity was greater than
originally budgeted

Meter Automation Labor was higher than budgeted due
degree of difficulty of installations and required addition
of some new meters to be able to get an automated
signal from them.

Data historian was installed during December 2010 to be
able to see Heating/Electric plant energy equipment
usage trends. Cost of this connectivity was not figured in
original estimate.

Essentially Complete except for small labor amount for
final checkout of system with system vendor (Rockwell) to
close out their installation.

The unexpended contingency budget could be assumed
to have covered a portion of the meter automation cost
overruns or the Upgrades for Connectivity cost overruns.

Lower costs due to lag in system installation. Longer
meter automation project time and longer-than-
anticipated time for system vendor (Rockwell) to bring all
aspects of system up on line.

This work was done in kind by by the Computer Science
Department and was funded from other sources.

Dartmouth's Sustainability Manager left the College in the
first Grant year. It was greater than 1 year until the next
Sustainability director was hired. During that time
communication and outreach on the project was
accomplished by Dartmouth;'s Energy Program Manager
who assumed the role of Principal Investigator. His costs
are included in Project Management costs, under
Installation, Setup and Commissioning, above.

Higher primarily due to the cost of meter automation and
alag in being able to use the system for
RetroCommissioning and Continuous Commissioning
because the system was not fully tested and verified.

As of Grant end date, system was in final stages of
acceptance by the College, so Service Agreement was
not yet implemented. Estimated start date will be May
2012.

Continuous commissioning labor during 2nd contract year
was being done by the Energy Program Manager. This
was due to limited personnel resources in the Building
Management System shop. Costs of this labor was
carried in our Heating Plant operations budget. We hired
full time employee in January 2012 to manage Campus
Energy and Sustainablilty Management System. His time
will be principally spent in using the CESM system to
identify energy waste on campus and work with Shop
System to remedy the issues.

This work continued during the 2nd contract year, but
costs were picked up by the respective Academic
departments under different budgets. No costs were
charged to this Grant during the 2nd Contract year.

New Sustainability Director's time allocated to this task
was charged to general overhead on the Provost's side of
the Dartmouth organization/

Anticipated expenses did not materialize during this
period of the Grant

We spent 84% of total estimated budget during the entire
Contract Period

In keeping with our expenditures during the Grant period,
our request for payments from GHGER Fund total 84% of
Approved Amount

Final Grant Report Date - January 31, 2011



THE STATE OF NEW HAMPSHIRE

CHAIRMAN Tel. (603) 271-2431
Thomas B. Getz

FAX No. 271-3878
COMMISSIONER

Clifton C. Below TDD Access: Relay NH
1-800-735-2964

EXECUTIVE DIRECTOR

AND SECRETARY Website:

Debra A. Howland www.puc.nh.gov

PUBLIC UTILITIES COMMISSION
21 S. Fruit St., Suite 10
Concord, N.H. 03301-2429

July 31, 2009

Kathleen Lambert
Sustainability Manager
Dartmouth College

Office of the Provost

63 South Main Street, Rm. 316
Hanover, NH 03755

Dear Kathleen:

On behalf of the Public Utilities Commission, | am pleased to confirm that Dartmouth College
has been awarded funding from the Greenhouse Gas Emissions Reduction Fund in the
amount of $330,936. Please be aware that this grant award is contingent upon the approval
of Governor Lynch and the Executive Council.

We anticipate bringing your grant award to the Governor and Council (G & C) meeting on
September 23. The grant award becomes effective as of the date of G & C approval.
Expenses incurred prior to that date are not reimbursable.

We will be working with you to put together a formal grant agreement along with a handful of
other documents that are required for all G & C submissions. You will be contacted within
the next week or two by a member of our administrative staff to begin this process.

Congratulations, again, on submitting a fine proposal. We are excited to be partnering with

you to take on the vital challenge of reducing greenhouse gas emissions in New Hampshire
while moving the State toward a clean energy future.

Sincerely,
s/
Jack K. Ruderman

Director, Division of Sustainable Energy

P.S. A hard copy of this letter will be mailed to you later this week.
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Dartmouth College
Dartmouth News

This website is no longer being updated. Visit Dartmouth Now for all news published after June 7, 2010.

Dartmouth News > News Releases > 2009 > November >

Dartmouth receives $330,000 from New Hampshire Green House Gas
Reduction Fund for campus energy monitoring project

Dartmouth College Office of Public Affairs ¢ Press Release
Posted 11/23/09 » Media Contact: Susan Knapp (603) 646-3661

Dartmouth has received a $330,936
grant from the New Hampshire
Green House Gas Reduction Fund to
help implement a Campus Energy
and Sustainability Management
System. This new system, which will
measure and monitor energy use
around campus, supports
Dartmouth’s commitment to reduce
its greenhouse gas emissions by 30
percent below 2005 levels by the
year 2030. The grant award will be
matched by funds at Dartmouth.

“Building energy use currently
accounts for approximately 80
percent of Dartmouth’s greenhouse
gas emissions,” says Stephen
Shadford, energy engineer with the
Facilities Operations and
Management Department (FOM).

“The new system will continuously -
monitor the buildings and allow us Lambert (left) and Shadford are working to

to ensure that we're being as make the campus more energy efficient
efficient as possible with the energy- (photo by Joseph Mehling '69)

intensive activities on campus -- the

heating, cooling, ventilation and

lighting of existing buildings.” Related Link: Dartmouth’s commitment to

Shadford and Kathy Lambert, the reducing greenhouse gas emissions

Dartmouth’s sustainability manager, celebrates one-year anniversary

along with a host of other

Dartmouth administrators, faculty, and staff, have been working on a variety of fronts to
systemize Dartmouth’s efforts toward energy efficiency and sustainability.

The Campus Energy and Sustainability Management System at Dartmouth will be
implemented over the next several months, starting with the buildings that have the highest
energy use. By the end of one year, an array of approximately 250 building energy meters will
be tied in to the system, and software will help detect inefficiencies in system operations. With
this new tool, FOM will mobilize its internal specialists, called Tiger Teams, to fix the
inefficiencies and track the results of many projects that are aimed at reducing energy use on
campus.

http://www.dartmouth.edu/~news/releases/2009/11/23.html 3/23/2012
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The new Campus Energy and Sustainability Management System will also be a powerful tool in
collecting data for research aimed at promoting individual behavior changes as well as helping
campus-wide conservation efforts with real-time building energy feedback data.

“Occupant behavior can often be tied to energy use, especially in buildings with large plug load
demand such as campus offices, residence halls, and laboratory buildings,” says Lambert.
“Through the Campus Energy and Sustainability Management System, we expect to reduce
greenhouse gas emissions by 10 to 15 percent for a total reduction of 8,800 to 11,500 MTCDESs
per year [metric tons of carbon dioxide equivalent].”

Lambert and Shadford explain that the project will draw on Dartmouth’s education and
research assets to track the effectiveness of the system, monitor results, distill lessons, and
disseminate a case study for other colleges, universities, secondary schools, private
corporations, as well as non-profits and municipalities that own and manage multiple
buildings. This will be an effective leveraging tool for the New Hampshire GHG Emissions
Reduction Fund and its mission.

“Dartmouth College is in the vanguard of large institutions in the state that are working to
track, manage, and reduce energy use,” said Jack Ruderman, director of the Sustainable Energy
Division of the New Hampshire Public Utilities Commission. “The Campus Energy and
Sustainability Management program is expected to reduce greenhouse gas emissions by 10 to
15 percent by optimizing building energy use and employing real-time energy feedback to
promote behavioral change. As with so many energy efficiency initiatives, not only will there be
environmental benefits, but the campus will reduce emissions, and the university will save
money.”

This project was funded, in part, by the New Hampshire Public Utilities Commission’s
Greenhouse Gas Emissions Reduction Fund, a program initiated in February 2009 to fund
projects throughout New Hampshire to lower greenhouse gas emissions through energy
efficiency. GHGERF funding results from carbon allowance auctions from the Regional
Greenhouse Initiative (RGGI) an effort by 10 participating Northeastern and Mid-Atlantic
states to educe emissions of greenhouse gases from the electric power sector.

Dartmouth has television (satellite uplink) and radio (ISDN) studios available for domestic
and international live and taped interviews. For more information, call 603-646-3661 or see

our Radio, Television capability webpage.

Recent Headlines from Dartmouth News:

Dartmouth helps found a global network of universities [06/04/10]

Dartmouth moves to improve recycling rate [06/02/10]
Class of 1953 Commons dedicated [05/27/10]

O O O O O

[05/21/10]
Sign-up to receive Dartmouth News via email

O

http://www.dartmouth.edu/~news/releases/2009/11/23.html

3/23/2012



West Gym Lighting System Upgrade

Celebrating Success

September 2011

In January of 2011, lighting systems for the West Gym were completely upgraded to provide better lighting quality, user control
of lighting levels, and significant energy savings. This project was undertaken by Dartmouth’s Energy Team in collaboration with

J&F Labs, a wireless energy control system manufacturer, and Dartmouth’s Computer Science Department.

The project consisted of complete replacement of the lighting systems in the
West Gym. The previous lighting system consisted of 48 — 400 watt metal
halide fixtures which provided general illumination of the entire gymnasium
space. There was no provision for separately lighting the upper level running
track. Switches for the lighting fixtures were located behind locked doors,
and each fixture each required a long warm up time to achieve full lighting
output. As a result, the lights were generally left on 16 to 17 hours each day
awaiting the appearance of students or staff to participate in basketball,

running, or other fitness activities programmed for the space.

Original West Gym lighting system
Dartmouth’s Energy Program Team worked with a fluorescent lighting

manufacturer, a wireless energy control system manufacturer, and our Computer Science department to take an entirely fresh

approach to this space. The goals were to:

. Place illumination where it is needed, only when it is needed
e Place control of lighting in the hands of the users
e Improve the quality of lighting for all areas
e Automatically switch lighting off after use
e  Provide multiple lighting levels for each fixture
e Provide ability for special event lighting scenes
e  Use simple touch-screen interface to control lights
e Save significant energy
New lighing fixtures, each with 3 output levels
Dartmouth’s Energy Team is pleased to announce that after the first 6 months of operation, the West Gym lighting system has
met all of its goals, including a verified 82% reduction in energy consumption. The project has far exceeded our expectations of
lighting quality, user flexibility, and energy savings. This fall, we will add to
our lighting innovation in the West Gym with additional controls designed
to make use of natural light which will enter through newly renovated

clerestory windows and re-opened high ceiling space.

We are thankful for the continuing collaboration of our innovative

partners on this project, including:

- Marc Josephson — President/CEO, J&F Labs; Dartmouth ’72
- Kurt Josephson — Chief Technology Officer, J&F Labs

- Lorie Loeb — Research Associate Prof., Computer Science Department

Wireless control and touchscreen development teams

Electrical Savings = 107,400 kWH/Yr | Cost Savings = $14,000/Yr Project Payback = 4.3 Yrs Utility Incentive = $36,000



A Case Study: GreenLite Launch at the Tuck School of Business
Jingwei Pan & Doris Pu — Sponsor: Professor Lorie Loeb
Computer Science Department, Dartmouth College

INTRODUCTION

Climate change is a serious issue that all citizens of the world need to
recognize and deal with on an individual level. Research has proven that
sustainable choices and iors are key in ing global

We believe that when people realize there is a direct link between one's
actions and their effects on the environment, they will use resources more
thoughtfully and responsibly.

With the GreenLite program, we nDpeInestabhsh both
an emotional and ']
between consumers and the environment

GreenLite is unique in that it integrates computer
science, 1 studies,

; = and behavioral ics to
friendly actions and attitudes.

p

HOW THE GREENLITE SYSTEM WORKS

Data Retrieval: We collect data, such as electncity, water, and heat use from meters on
every floor of a given bullding. We then gather and poll the data, which is stored in a
database.

Data Aggrogation: We gather data from several meters to determine electricity
consumption for the entire building and at the campus-wide level. This data is stored for
later analysis and generation of graphs and charts.,

Data Analysis: We analyze short and long term data to find behavioral trends and identify
areas to improve, We compute a “grade” that compares actual energy use to historical
data and other key factors, to determine what current energy use ought to be at this ume.
This grade is recalculated every 5 seconds and drives the suitable animation on screen.

Displays: We display data to tell a meaningful story, demonstrating the impact that our
behaviors have on the anvironment. The main display s of a polar bear, whose welfare
depends solely on the “grade” of a given metar. With this emotional connection, we hope.
that the polar bear's wellbeing will influence people 1o conserve energy.

Feedback: The primary sources of feedback are the public kiosk displays on each floor
and the website (hitp #greeniite. dartmouth.edu), with energy usage data, graphs, and
tips on how to conserve energy, We also have a goal-setting page thal uses smiles as
incentives to conserve energy. “If your floorteam uses less energy than the goal. you
get @ smile for that day. If you use more, you get a frown, The dady goal is calculated
from a basedine for your floor and a set goal "

THE LAUNCH: GREENLITE IN ACTION

The Tuck Class of 2010 gave GreenLite to the Tuck School of Business as a class gift

GREENLITE TUCK
Tick Sustaing

T oy o o s
[
L T
Tom g o8 Kaap B et iy

As a result, we worked with Tuck Sustains and other
individuals at Tuck to install and implement the
Greenlite system in three graduate residence halls,
Whittemore, Achtmeyer, and Pineau-Valencienne.

To kick off the launch and spread the word about the
program, we decided to hold a floor competition 1o lower
energy use among the students living on campus. Our
goal was an 8% reduction,

We were curious if GreenLite would actually produce
in or toward sustainability,
50 we created two surveys to administer to Tuck
students, faculty, and staff members- one prior to the
launch and one four weeks later, after the competition,

First, we wanted to gauge individuals’ reactions to the GreenLite program at Tuck

B e ———
=

On the goal-setting page, we aiso
found that the floors with the top 2
page views eamed the most smiles.

‘We wanted to compare individuals’ attitudes.
towards sustainability and environmental issues
before and after the GreenLite Tuck launch

Competition Date Range: 04/11/11 - 05/08/11  We asked individuals to rate the statement, "Climate

change is an issue of congcem for curment and future
‘gengratrons of the world™ on bath surveys.

Prior to the launch:
6% Strongly Disagree
3.9% Disagree
3.9% Neutral
38 1% Agree
53 8% Stiongly Agres

Following the launch
0.0% Strongly Disagree
0.0% Disagree

CLUSIONS

There is a significant amount of error 181 individuals o
the pre-launch survey, whereas only 33 individuals have responded to the
post-launch survey thus far. This deanh in survey respondents has made it
challenging for us to properly analyze the effects of GreenLite at Tuck.

Nonetheless, we were still able to draw some conclusions from our user
studies. The top 3 pages viewed on the displays were the bear animation,
the graphs, and the competition page. This suggests the most significant
lures in were the pull of the oft. g polar
bear, the hard data of energy usage that were presented in the glwhs. and
the social factor of competition among the floors.

After tracking page views on the goal-
setting page, we saw a correlation
between page views and the number of
smiles that a floor received. While we
cannot determine causation, we can
surmise a relationship exists between
ane’s concern for the environment and
one's choices and behaviors,

We are always trying 1o improve the
system to keep it fresh, interesting, and
effective in promoting change. While the
main animation on display is of a cartoon
polar bear, the other animated display in
the works is of a cartoon penguin, which
either saves or wastes money depending
on the “grade” of the given meter. In this
manner, we are drawing upen behavioral
economics, as we remind consumers
about the financial ramifications of
wasting precious resources.

In the future, we hope to provide the GreenLite program to a broader
base, including more buildings on Dartmouth College's campus as well
as other schools and universities. Implementing the system in a variety
of locations will allow us to better detect patterns of energy usage and
determine in what areas and ways we can improve.
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Energy Inventory e

e
—1
units
#6 Fuel Oil 5,000,000 Gallons
CoGen’d Electricity (~30%) 19,500,000 kWH
Purch’d Electricity (~70%) 45,500,000 kWH
Total Electricity 65,000,000 kWH




Energy Cost Escalation

Since 2000...Costs UP Dramatically
#6 Fuel Oil @ 500% ~ $12 MM
Purch. Electricity 4 130% ~ $5 MM




Response...Major Conservation Programs

 Heat Recovery - 100% Outdoor Air Systems
e Ventilation Control Optimization

* Absorption Chiller Replacements

e Campus-wide Lighting Retrofits

e Retro-commissioning - Major HVAC Systems
e Steam-trap maintenance program

e Building renewal programs



Monitoring Our Energy Program

Putting the right tools in place...

Metering

Data Integration
Operations
Finance

Metrics

Data Sharing

“One Source of
the Truth”



Example Outputs



Metering History

Prior to 2008...

= 250 Meters mainly used to
apportion revenue

= Many steam meters
were in disrepair

= Only 1 data point
recorded per month

= Few meters automated

Inability to MIANAGE energy by this method!



Meter Automation

= Automated existing
metering
infrastructure
(~ 300 meters)

= See energy use
in REAL TIME

= 3,000 data points
per building per
month

I



Energy Use Profiles

= Each building has
an energy-use
signature

= \We can now see

usage, profiles,
and costs




Predictive vs. Actual Use

(r——

Time Now 24 Hours
/ / Ahead



All-Building Summaries

" Hourly and
Daily
Summaries

= “Heat Maps”
of Actual vs.

Predicted
Performance

1 3 5 Rope Ferry Road

10 Morth Park Street - NPGH

11 Rope Ferry Road - Billings Lee
14 Webster Avenue - Presidents House
17 East Wheelock Street (AZD)

19 East Wheelock Street

2 Morth Park Street

37 50 Dewey Field Road

4 Morth Park Street

6 Choate Road - Womens Resource Cent
7 Rope Ferry Road - Dicks House Infirmar
8 Choate Road - Faculty Apartment
Alexis Boss Tennis Center

Alumni Gymnasium

Andres Hall

Baker Berry Library Carson Hall
Bartlett Hall

Berry Residence Hall

Berry Sports Center

Bildner Residence Hall

Bissell Hall

Blunt Alumni Center

Brace Commans

Brown Hall

Buchanan Hall

Burke Chemistry

Burnham Soccer Facility
Butterfield Hall

Byrne Hall

Byrne Residence Hall

Carpenter Hall

Central Chilling Plant

Channing Cox Hall
Chase Hall




e Serving our customers with accurate and useful information

Utility Billing

‘ Billing History

Cost Center: |aro
Building Name: | Baker Berry Library Carson Hall - 0583
Building 1Dz 0583
Generate C5V
| STEAM HTG UNITS (100 #)
Manth F¥2011 FY2010 FY2009 FY2008 FY2007 FY2011
L 11,140 8128 3,366 3,064 5,000 543073
AUG 12,795 83%6 9,000 9,000 5,000 479817
SEF o 7731 9,000 13,185 5,000 o
ocT o 15,884 16,000 12,352 5,000 o
NOWV o 15,488 36,000 23570 15,000 o
DEC [+} 24837 15,453 32,180 21,000 [+}
i 18N o 22,099 41313 32,360 47500 o
FEB EEEEE! 24,027 27,282 28300 32,542 o
MAR 20,000 20,795 30,745 23,080 28,258 o
AFR 15,553 13,013 20,129 23,000 24747 383513
: MaY 13,605 11,308 10,000 15,475
JUN 7236 2783 7,000 £330
TOTALS 106,561 185350 234417 233,681 213852 1,406,509
Total to Date 106,961 178,114 225,634 226,581 207,522 1,406,509
To Date Var 71,153 118,573 118,720 100,561
To Date 3 253 E2E 528 485
To Date Balance 7236 2783 7,000 6330
Comp Avg To Date 51 26
Cur Manth Var 6574 -436 3,307 5,054
Cur Menth 3 513 22 144 204
FY Budgat 217,200 5,875,200
YTD vs. Budget % 4531 233

F¥2010
483,84
436,385
376,734
438,298
533886
441582
357306
471983
508,799
456338
509,461
333,463

5525326
5,186,863
3,780,354
723

333,463

83,425

-179

FY2009
520,720
474367
553,569
467,336
431383
425116
517,141
430315
552,362
488,353
467,450
478,641

5,568,525

5,483,284

4083375

744

478,541

104,345

-215

FY2008
467,381
505,327
450,430
487,401
565,691
451,257
533,351
523,663
434,187
575,645
506,224
479,383

5,586,686

5,506,817

-4,100,308

745

479869

132,132

-334

FY2007
355,257
527331
416,742
537,164
412,129
439,856
451538
426,568
458,238
451361
534,047
413,660

5,510,645

5,080,383

3,684,480
724

419 660

57,348

FY2011 FY2010
282,250 191,260
244010 233,150
0 57,630
0 48,500
0 38,210
0 28330
0 24560
0 30,230
0 40050
37,220 £3580
135,380
110,350
563430 1041330
563,480 530,320
367,500
335
110,350
58
26,360
415
1,041,330
541

FY2009
287,637
156,150
112,160
65,280
49,000
20,400

42730

955,557
392077
41

146,250

-29,140

-439

FY200
250,00
220,00
100,00
110,00

140,00

£3,000
£6,55:
100,00
14300
160,66

270,00

1,433,21
869,73
07

270,00




Retro-commissioning

" Tools for identifying problems



Retro-commissioning

" Tools for validating effectiveness of fixes




Continuous Commissioning

" Tools for continuously monitoring for
persistence of savings



Exception Reporting

= Continuously monitor HVAC
systems

= FEvaluate with “rules”

* Find EXCEPTIONS to the rules
= Report the likely problems

" Prioritize and repair
the systems



Optimization



Building Dashboards

 For Op’s Management and Building Occupant Awareness


http://www.google.com/imgres?imgurl=http://upload.wikimedia.org/wikipedia/commons/9/96/Dartmouth_College_campus_2007-10-02_Berry_Library.JPG&imgrefurl=http://en.wikipedia.org/wiki/File:Dartmouth_College_campus_2007-10-02_Berry_Library.JPG&usg=__VSXVz5ceaW4R8qbvCLFWTmXNosg=&h=2112&w=2816&sz=2839&hl=en&start=1&zoom=1&itbs=1&tbnid=MHZWoF2J7VvXBM:&tbnh=113&tbnw=150&prev=/search?q=berry+library+dartmouth+college&hl=en&biw=1224&bih=588&gbv=2&tbm=isch&ei=QGnKTeDtMMPFgAfbmPjjBw

Sustainability Indicators

Also ...

e Solid Waste
e Recycling
e Water



Continuing Development...

e Collaboration with Academic programs

e Automated Fault Detection and reporting
e Heating/Electric Plant Optimization

e Campus-wide Demand Control

* Integration with supply-side changes

e Ability to do real-time electrical purchasing



Campus Energy Management System

Questions...

Thank You!



