Dartmouth College
Campus Energy and Sustainability Management System

Quarterly Progress Report for
New Hampshire Greenhouse Gas Emission Reduction Fund

Reporting Period:
February 1, 2010 through April 30, 2010

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

2. Program Type: The Campus Energy and Sustainability Management system will reduce
energy use and associated greenhouse gas emissions at Dartmouth College by using a web-
based interface to track, report, and optimize building energy performance. The project
supports items 5, 7, 8, 10 and 11 in the Public Utilities Commission’s Request for Proposals
issued February 23, 20009.

3. Overview of Progress During the 2" Quarterly Reporting Period:

3.1. Planning

3.1.1.

3.1.2.

3.1.3.

3.14.

3.15.

Functional Requirements Specification (FRS) Development: Details were
added to the FRS during the 2™ quarterly reporting period that further define the
reporting structure and format of sustainability indicators, energy level alarms,
utility billing data outputs aggregation of meter data..

Meter Automation Plan— The metering automation plan was updated during the
quarter to reflect minor changes required at the field level to ensure that wireless
meter transmission data would be successfully sent and received. Changes
consisted primarily of addition of a couple of wireless metering transmission
zones (addition of 2 gateway devices) and the installation of a small number of
repeater devices to ensure data transmission. Plans were also made for adding the
main campus electrical feeders, central campus emergency generator and the 3
steam turbine generators to the meter automation plan (see Metering Automation
Equipment, below). Also see attached Exhibit 1 for a Diagram of the entire
Campus Metering Automation Plan, revised to reflect the above additions.

Metering Automation Equipment — Meter pulse count splitters were added to
existing EnerNOC electrical meter monitoring equipment for the 5 main
incoming electrical service locations (2 for the Central Campus, 2 for the North
Campus, and 1 for the West Campus). This has allowed us to connect SpinWave
pulse counters to the existing main campus meters and bring the 15-minute
interval data into the Campus Energy and Sustainability Management System
(CESMS). We also purchased and installed new IP-addressable electrical meters
for our 3 existing steam turbine-generators and for the main emergency generator
and have brought this data into the CESMS.

Server Software — Rockwell’s Vantage Point software was installed and linked
to BMS system data points as indicated in 3.1.5, below.

Connection to BMS Systems - Connection to thousands of Building
Management System points via Rockwell’s Vantage Point software connectors to
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3.1.6.

3.1.7.

3.1.8.

Dartmouth’s Honeywell and Johnson Controls systems was accomplished during
the 2" quarterly reporting period. Upgrades to several Johnson Controls building
automation systems were completed which then allowed for connectivity to these
important high energy-use science facilities.

Connection to Heating/Electrical Plant SCADA Systems - Plans for
connection to the Heating/Electrical plant control systems using a SCADA
system interface card, a data historian computer, and data historian software are
being finalized. We had hoped to have this connection completed during the 2"
quarterly reporting period, but received a fairly high price for the interconnect
from our main Heating/Electrical plant SCADA system vendor. We are trying to
minimize the cost of such an interconnection and are now undertaking
solicitation of pricing from more than one vendor for these services.

Energy “Tiger Team” Team-Building Exercises- A team of internal technical
specialists, directed by the campus Energy Manager, began holding bi-monthly
meetings in order to begin familiarization with the Campus Energy and
Sustainability Management System (CESMS) and Vantage Point tools. The team
was shown example trend reports created from the Vantage Point software by the
Energy Manager. The examples led to discussions regarding optimization
opportunities for operating sequences in the Central Chiller Plant (Exhibit 5) and
control of ventilation air and chilled water valves in the main air handling units
of Berry Library, the main campus library (Exhibits 6 and 7). These exercises
and team sessions will continue on a bi-monthly basis for approximately 2 more
months and then switch to a weekly basis.

Establishment of Academic Collaborative —Facilities/Academic collaborative
opportunities continued to be explored during the 2™ quarter reporting period.
During this quarter, we continued discussions with Lorie Loeb, Research
Associate Professor in the Computer Science department, regarding dash-
boarding of energy information to the campus community. We have also
developed relations with Tuck Sustains, a group of graduate students in the Tuck
School of Business, who are interested in the impact of real-time feedback on
student energy use. We hope to collaborate with this group and the Computer
Science department in deploying energy monitors and informational display
screens for the Tuck School residence areas and tracking energy-use reductions
over time.

3.2. Execution

3.2.1

Execution of Task 1 through Task 3 items continued during the 2nd quarter
reporting period. Activities principally involved Task 1 items related to meter
automation by Dartmouth’s internal Trade Shop labor force. We have made good
progress in meter automation, now being able to see greater than 80% of the
campus electrical load (by kW demand) and greater than 70% of campus steam
load (by #/Hr steam loads). Most all of the high priority (top energy using
buildings) have had their meters automated. In some instances in the tables
below, the % complete values are subjective rather than quantitative due to
differences in the line item descriptions between the budget prepared and
submitted by Dartmouth with its RFP submission and the listing of Tasks
prepared by the NHGHGER Fund. These tables are presented to indicate general
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progress in each of the task areas. The Detailed Cost vs. Estimated Budget form
attached as a PDF file, presents the financial comparison between the project
budget and the 2nd Quarter costs.

3.2.2 Asummary of Task 1 Progress follows:

%

Task 1: Connection of Dartmouth College Facilities to the System.

Complete

Subtask 1.1: | Automate meters for all buildings and connect 45%
them to the system.

Subtask 1.2: | Connect to BMS and Boiler Plant systems for 75%
real-time efficiency monitoring.

Subtask 1.3: | Link live weather feeds and 24-hour energy 5%
projections by meter.

Subtask 1.4: | Develop real-time energy alarms (actual use vs. 2%
projected use)

Subtask 1.5: | Install Sustainability Indicators. 15%

Subtask 1.6: | Develop Building Performance Metrics (actual vs. 5%
design).

3.2.3 A summary of Task 2 Progress follows:

Task 2: Feedback, Behavioral Change, and Education & Outreach.

%
Complete

Subtask 2.1;

Connect energy data from dormitories into the
energy feedback display system and add
additional feedback displays to buildings on
campus.

0%

Subtask 2.2:

Evaluate the impact of feedback and connected
social networking tools on occupant behavior
through separate research-funding.

0%

Subtask 2.3:

Conduct outreach to students, staff and faculty
about recommended conservation measures.

0%

Subtask 2.4:

Develop case studies in areas where occupant
behavior accounts for a relatively high proportion
of total building energy use.

0%

Subtask 2.5:

Share findings with state officials and colleagues.

0%

3.2.4 A summary of Task 3 Progress follows:

%
Task 3: System Monitoring, Verification and Reporting. Complete
Subtask 3.1: | Ensure that the meter automation program 40%
provides accurate results.
Subtask 3.2: | Establish a rigorous program to verify the polled
P 50%
data from the building management systems.
Subtask 3.3: | Set target energy reductions on a building-by-
building basis once building energy baseline 0%
performance has been established.
Subtask 3.4: | Monitor the financial expenditures and
10%
performance of the program.
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Subtask 3.5: | Use the system to assess the effectiveness of
behavior change campaigns and social learning 5%
experiments

Subtask 3.6: | Share the results of the measurement and
verification program in an annual summary report.

0%

4. Work to be Completed During the Next Quarter:

4.1. Planning

41.1.

Facilities/Academic Collaboration: We hope to finalize the collaboration
relationships between the Facilities Operations Department and several academic
departments in developing the scope and methodology of feedback systems and
social networking tools to be developed to determine the behavioral effect of
energy use based upon feedback from the Campus Energy and Sustainability
Management System. Departmental collaborators will likely include Computer
Science, Engineering, Sociology, and Business. We will select buildings to
receive kiosk displays of energy and sustainability indicators. We hope to
develop case studies for buildings where occupant behavior accounts for a
relatively high proportion of total building energy use.

4.2. Execution

42.1.

4.2.2.

4.2.3.

4.2.4.

4.25.

4.2.6.

Metering Automation: We will transition from the high-energy-use buildings
(meter automation completed at this point) to the lower-energy-use buildings and
continue with the metering automation program.

Establish Building Energy Baselines: We will continue developing building
energy baselines as additional building energy meters are brought on line. This
will allow us to set target energy reductions vs. baselines. We will continue to
concentrate on the high-energy-use buildings as these have been the first meters
to be brought on line.

Connection to Heating/Electrical Plant SCADA Systems: We hope to finalize
selection of a data integration vendor and complete the process of connecting to
the Heating and Electrical plant control system data via a data historian.

Refine Efforts of Energy “Tiger Team”: We continue with our energy “Tiger
Team” meetings and will put example opportunities into action by beginning
with a re-commissioning effort in several high-energy-use buildings, including
the Berry Library complex and the Science Complex.

Kiosks: We will complete the first of several building energy and sustainability
information kiosks. The first of these will be installed in McNutt Hall,
Dartmouth’s admissions office. Future kiosks are being considered for Collis
Student Center, Hopkins Center for the Performing Arts, Berry/Baker Library,
Tuck School of Business and additional dormitory buildings.

Finalization of Sustainability Indicators: We have nearly finalized the format,
methodology and visual displays for tracking the initial Sustainability Indicators
to be monitored by the CESMS. These include GHG’s, solid waste, recyclables
and water use.

Dartmouth College — Facilities Operations & Management Page 4



Dartmouth College — Campus Energy and Sustainability Management System
NHGHGER Fund Quarterly Report — 2™ Quarter: February 1, 2010 — April 30, 2010

5. Jobs Created — No jobs were created from this project during the 2™ quarter reporting
period. Establishment of the Tiger Team, however, has drawn a controls position away from
general maintenance duties due to the focus of the CESMS on energy reductions. Dedication
of a technician to this endeavor may result in creation of an opening in the controls shop for a
controls maintenance technician.

6. Obstacles Encountered -

6.1.1. Central Heating/Electric Plant Connectivity - Cost estimates relating to
connectivity to the Central Heating/Electric plant, caused us to reconsider how
we contract for this service. This obstacle should not impact the project in a
significant way. To move this along, we have our Purchasing Department
working with alternate system vendors to introduce some competitiveness to the
pricing. We hope that this will drive the connectivity price downward.

6.1.2. Meter Automation Labor — It appears as if labor for automation of the metering
infrastructure is going to run over our original budget. This is partially due to the
degree of difficulty encountered in setting up the wireless infrastructure and
partially due to having added a number of meters to the automation list. We are
committed to completing the process because it is essential to the successful
outcome of the project and will provide other important business benefits to the
College.

7. Beyond the Contract - Publicity surrounding the Campus Energy and Sustainability
Management System and the NHGHGER Fund award to Dartmouth, continues to lead to
significant interest in our program from other institutions. We continue to collaborate with
other colleges and universities who are in the process of installing energy monitoring systems
similar to ours. In Dartmouth’s case, our internal collaboration with academic departments
continues to be a unique vision. We are pleased with this relationship which we see as
providing additional leverage toward the outcome of the program.

8. Related Materials — On April 16", Dartmouth College co-hosted a Sustainable Design
Symposium with the NH chapter of the American Institute of Architects. Over 200 registrants
attended. In one of the sessions, Steve Shadford, Dartmouth’s Energy Manager, presented an
overview of Dartmouth’s conservation and efficiency programs, highlighting our metering
automation program and installation of our Campus Energy and Sustainability Management
System. A number of attendees were quite interested in the program that we are undertaking
and in staying in touch with the outcome of the program. On Earth Day, a new solar domestic
water heating system for our Sustainable Living Center was commemorated. Our Campus
Energy and Sustainability System will be utilized to track the energy collection capabilities
and over performance of this system over the next several years. We continue to hear from
other colleges and universities who are interested in the CESMS system we installing and in
our wireless metering infrastructure.
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Respectfully submitted,

G

Stephen R. Shadford, P.E., LEED AP
Dartmouth College
Energy Manager and Principal Investigator for NHGHGER Fund Grant Project

Attachments — Exhibits 1 through 7
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Dartmouth College
Metering Automation Plan

Rev. 1.5
5/31/2010

LEGEND

)

m SpinWave Gateway Device (Modbus TCP) XX = SpinWave Zone No.

42

SpinWave Wireless Pulse Transmitter

£4321  Existing IP Addressable Electrical Meter On-Line

eoior  Existing IP Addressable Electrical Meter Not Yet On-Line

New IP Addressable Electrical Meter

BB Possible New IP Addressable Electrical Meter. Check if Needed.
[Et234]

Field Investigate Type of Existing Meter

REVISION NOTES

Rev. Date
11 2/1/10
1.2 2/2/10
13 2/3/10
1.4 2/11/10
1.4 2/11/10
15 5/31/10
15 5/31/10
15 5/31/10
15 5/31/10

Change

Deleted Hood Annex .E0021A (Removed)

Deleted Hood S0116B Cond. Meter (Unused)

Deleted Htg. E0577 Plant Maint. Shop (Bldg to be Demolished)
Moved Spinwave Gateway #19 from Mid Mass to Thayer Dining
Moved Spinwave Gateway #13 from Thompson to Boss Tennis
Moved Spinwave Gateway #13 from Boss Tennis to Thompson
Added Central, North and West Main Campus Feeders (5)
Added 3 Turbine Generator Meters

Added Emergency Generator Meter at McKenzie/Htg Plant




5:17 PM

Untitled
{ - ) N T
« [0 AA == | nashville.dartmouth.edu/rsenergymetrix/Tr... C; || '
Dromaindheter: All Maters by Type/Elactricity - Total Campus Power/Heating Plant TG-3 EQD20F . . .
Mater bpe: Elockic. Cievicn dlase PG| Bervar Exhibit 2 - Main Campus Electrical Feeds
Meter Data || Trend || Calendar Treng || Meter Sewp |
Time zone | {GMT-05:00) Eastern Time (US & Canada) B ®showgidines | ExportData |
20,000 |
18,000 -
16,000 |
14,000 |
12,000
Z 10,000 ks
M
. A . N ____-—'.--\._. . | Ill
8,000 - . i el et A ‘
4 r B Y ! I
h - T f - w, o ..-."',_ " ", ey )
6000 | - R f
s
r“l' b .
4,000 - P G e i P T T T ey w _li,-'*"'-"""llh AR ﬂ.w"' ' 1
ALY | v-""'"-ﬂ‘,"h.-.-'"'H"'\r'-"'-\m"I ¥ -ﬂ'-,_- ol - ! e -‘\.'I'.z -w"l-‘/\v II|
! A i 8 . -._.r.rvt-.‘Jr".
“om " 'HH " I-M"'“‘- -_.-'MM'PM"'M '-"n,‘n'uﬁu"\-"'ﬁF W"Wﬁ*\whr-w 1=
A —— e P M M I T
0! i i i i I i i i i i i i i i i L i | .| | L i
Sat Sun 30 Mion 31 Tue 1 Wed 2
Apr May 2010 Jun May June 2010 Jul
Sun Mon Tue Wed Thu Fri 2at Sun Mon Tue Wed Thu Fri Sat ] ] ] Uinits DomainishetenTag
i 2 3 4 5 ‘: Ear _:: I-. Hide :: I:f_ Remove | EMI Medars by Typa/Electricity - Total Campus PowerReal Power Damand
2 3 4 5 8§78 6 1 8 8 WM —\ —— —— T
! 1 - \ ypedEleciricity - Tofal Campus PoweriCentral Campus 13T1 Eleclric
9 10 11 12 13 1415 13 14 15 16 17 18 18 -.BarJ (_Hide ) {_Remave .;MEMQML-le Power Demand
16 17 18 19 20 2122 20 M X 23 24 25 76 Bar } [ Hide ) " Remove HMI Mefers by Type/Eleciricity - Tofal Campus PowerMorth Campus Incoming Line
= B . > 2Real P D
2 24 25 28 2728 27 28 3 XN - ™y - k' - .-\Ill:laelﬁem::T I.I-aEﬂII:'I ty - Total C P West O | Li
y . b I - s pe'Elecingi fal Campus Power =l Campus Incomin; e
I | . Bar A | Hide J Remaove A W=t/ Fimal F'm-:r Demand ! - . ?
fam B (aeesaemd o = All Meders by Type/Eleciricity - Tofal Campus PowerHeating Plant TG-3 EOD20F/Real
L Bar - I'-. Hide _J I\ Remaove ¥ Hpmr Demand

-
g




Untitled

r - - AN Ty
« [0 AA == | nashville.dartmouth.edu/rsenergymetrix/Tr... C; || '
Dromaindheter: All Maters by Type/Steamivail Hall Main Condensate 501038 ot . . . . .
Meter type: Steam  Device class: OPC Server Exhibit 3- Aggregated and Significant Individual
Meter Data || Trend || Calendar Treng || Meter Sewp | Steam Loads |
Time zone | {GMT-05:00) Eastern Time (US & Canada) B ®showgidines | ExportData |
50,000 |
45,000 -
40,000 -
35,000
30,000 - = — S
§ 25000 = = TN stz o e : : R
2,000 -weerr e Ao .
15,000 { -
10,000 | P s b e~ LA W st W
5000 - [ M - L S L =
p BT e e e e e e . . .
Sal 20 Sun 30 Mo 31 Tue 1 Wed 2
Apr May 2010 Jun May June 2010 Jul
Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat ] ) o B Uinits DomainishetenTag
1 2 3 4 5 { Bar | Hide ) [ Remove | ,v.n Metars by Type/Steam/Sleam 60 Minste vy Flow Rate
2 3 4 5 678 & 7 B § W2 " Y T T
E B = B = & 5B =5 & = & &8 45 1 . X y L ypedSteamBurke Chamistry Spirwave Miagara Meter 201415kam 80
9 10 11 12 13 1415 13 14 15 16 17 18 19 BAC ) | Hide '-~ﬂfmwml=mﬂwm
18 17 18 19 20 2122 20 M 22 23 2 P56 [ Bar o Hide N T ™ .i:_.lll M?ﬁb'p'Typl:.'SIHn'.'.ﬂ.urran'n'n Condensale S0064/5ieam 60 Minute Axg
b L -~ - Le) ]
2468 844 4 88N * N . All Meters by Type/SieamiThayer Dining Condensabs S0044/Steam &0 Minute A
E u .\__EEL: I\ -l_"da I;'- Rﬂ“ﬂa hw?;: ¥RE Sl Eamy ayer Bining wordensa J am nu g
Fom= AT = All Meders by Type/Steam®ail Hall Main Condensate 201038/ 2%eam €0 Minute Awg
\ Bar } | _Hide ; [ Remove | mnw Rada

{

s
™




7:08 PM

Untitled
« O M < [nashvillc.dartmauth.cdu.-“rscnergynmtrixf"l'r...{31'“r 3

Dromaindheter: Absonption Chiller Steam (Condensate)} Metering

Exhibit 4 - Steam Turbine Generator Qutput (kW) and
Mister Data || Meters || Trend || Calendar Trena Aggregated Steam Flows through Turbine

Time zone | {GMT-05:00) Eastern Time (US & Canada) B ®showgidines | ExportData |

i \ i
"'h'r;"' |||||I ‘ N‘

I |

q {

o

|

12,500 - 1,400 l rq[-{'_-'l 1l|y.'lll {

'
5, 0N &
2500  gon b i . ; . . . ; . i . . i H . . . i
Sal 29 Sun 30 Mon 31 Tue 1 Wisd 2
Apr May 2010 Jun  May Jume 2010 Jul [Salacx meter tags type to display on graph: n

Sun Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Units Domain(s MMeterTag

| &
[[37]

1 2 3 - S N * All Mesars by Type/El : - d
I y . \ ypedEleciricity - Tetal Campus PowerHeating Plart TG-3 EOD20F Real

2 3 4 &5 & 7 8 & 7 & 98 10 1112 . Bar || _Hide /| Remove mpm Demand

g 10 1 12 13 1415 13 14 15 16 1F 18 19 Ear ; I: Hide - Ii Remove __ m.ﬁbau'p'.un Chiller Steam [Condensate) Melering!Steam 60 Minule fSvwg Flow Rate
8 17 18 18 20 2122 20 A 22 23 24 2526

2 24 25 26 27 28 27 2@ 23 30

0 A

- - ,_ -h|

Fa— —
I|_Go | i Go |



Exh

SO0.0D,
= 4D00.00

J0o0.oD
200.00

100.00
D.00r

Lalediva

SaMotordmp

0. OOy
100,004

LmvalvePos,,

0. DD

ip0.opdk
ED.DD [

60.00 ]
40.00 [
20.00

ED.DD [
£0.00

I N T T

ibit 5 - Chiller Plant Operating Conditions

Autormatic

(573172080 3:28:26 JIM‘

-
09:36:30 |f3.!.f2010 T:048:52 P
SI09IZX ]

1HourAvg_ScaledVYalus
Yalue: 254.41
Time: 5/24/20104: 1245516 PM
Quality: Sood:Calculated

FF. 00

= 2,000.00 4
2 1se0.00
.Jl__l '

C.00Y

..caledvalue

r
20,000 OO dh
15,000.00 F

10,000.B0

%, DO0.DD
0.COwy

7:43:14 aM Tid3:14 AM
5/19/2010 5/26/2010

0547 |

A

5400

T

Tid31d Al
6/2/2010



Exhibit 6 - Opportunities for Improving Ventilation Control Strategies for Berry Library Air Handling Units
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Exhibit 7 - Berry Library Air Handling Unit Chilled Water Control Valve Positions (cycling) vs OA Temperatures - 1 Week Lookback
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