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Credit(s) earned on completion of CES for continuing professional
this course will be reported talA education. As such, it does not
CESor AIA members. Certificates ofinclude content that may be
Completion for both AIA members deemed or construed to be an
and nonrAIA members are available approval or endorsement by the
upon request. AlA of any material of construction
or any method or manner of
handling, using, distributing, or
dealing in any material or product.

Questions related to specific materials, methods, and
services will be addressed at the conclusion of this
presentation.

This course is registered with AIA
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Course
Description

The Lombardo Welcome Center is designed to be Millersville's first Zero

Energy Building. Now open, the building stands as a clear testament of the
owner 6s commitment to sustainability a
neutrality by 2040. This case study presentation examines the challenges

and rewards associated with this ambitious project.
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Learning
Objectives

At the end of the this course, participants will be able to:

1. Examine system design strategies employed for high performance and energy
savings.

2. ldentify key commissioning challenges associated with net zero buildings.

3. Discuss the teamwork and shared focus required by all parties (designers, owners,
contractors, and Cx) to achieve net zero energy.

4 . Evaluate the buildingbs ongoing perfor ma
to lessons learned.
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Lombardo Floor Plan
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Design Stage: Energy Efficiency

Zero energy begins with energy efficiency.

A tight building envelope, proper siting, efficient lighting and passive
heating and cooling all help make the Lombardo Welcome Center about
60% more efficient than other campus buildings.

Tight building
envelope and
proper siting

Geothermal heati
and cooling

Efficient
Lighting




Building Envelope Strategies

Highly Insulated Envelopé
Limiting Thermal Bridging




Lighting: LED Lights
with Daylight Dimming Controls

Interior Lighting: 0.63 w/sf (1.2 w/sf code allowance)




Geothermal Well System
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Heating and Cooling

Geothermal and Multiple Heat Pumps
Flexibilityd Saves Energy
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Desi gn Team Tri1 ed
Things happen during design t

Original Concept (BOD):

A Distributed water source heat pumps serving individual spaces or zones.
A Approximately 40 individual Heat Pumps from % Ton to 3 Tons.

A Each heat pump will have an associated thermostat to control the unit

A Either horizontal concealed units above ceilings, vertical concealed units
located in closets or console type units

Design Development Concept:
A Due to budget, design down to 20 Heat Pumps
A Up to 3 private offices on a single heat pump, 1 thermostat per heat pump

A All heat pumps are concealed above ceilings to save floor space. Many
areas to not have ceilings so heat pumps are toward the central core.




Desi gn Team Tri1 ed
Things happen during design t

Construction Documents:
A Concerns raised by occupants about lack of control in each office.

A Limited space above ceilings and budget concerns only allow for a few
units to be added. Design up to 23 heat pumps.

A Each office now has a thermostat
A Bypass VAV concept introduced to allow each office to set temperature

Construction:
A RFIs issued about bypass VAV design

A Confusion shows up on sheet metal shop drawings have to be reviewed
multiple times

A Once again design changed.

BOD: Simple 17 Final Installed System: Complicated.



Lombardo Roof Plan

Center
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PV Glass: 7,500 kWh Tracker

11,500

kWh
Total Potential System Generation: 193,000 kWh
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Aiming for Net Positive

The plan for the project was to carry up to 20% contingency in the PV production
to allow for variables including weather, extra building usage and extra plug
loads by occupants, etc.

Energy Model Predicted Annual Energy 152,500 kKWh

Roof Only PV Generation Prediction 179,000 kWh
Roof only provides a 17% contingency

PV Tracker and Glass added as teaching tools
Final Design PV Generation Prediction* 193,000 kWh
Final Planned contingency 27%

*During construction a few PV panels were removed from the design resulting in slightly reduced PV generation predictions.



Getting to Net Zero Is Not Just
About Design

A Quality Construction

A Commissioning

A Occupancy/Operations




Key Commissioning Challenges for
NetZero Buildings

A All the typical new building commissioning
challenges PLUS

A Energy Model to ACTUAL
A Occupant Engagement/training

A Operator Engagement/training
A Efficient and Effective
A Persistence - First Year and beyond




All the normal challenges@k+
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Energy Model to ACTUAL
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Occupant Engagement/Training

Warm/Cool Adj.
Unoccupied Override
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Efficient@l Effective




Persistence
Monitoring and Ongoing Commissionir

Export to Grid (kWh)
20,000

15,000

10,000

5,000

0
May Jun Jul Aug Sep Oct Nov..Dec Jan Feb Mar Apr

(5,000)

(10,000)



Teamwork and shared focus required to achieve ne
zero energyDesign, Commissioning, and OPR

A Predesign: Architectural and Engineering Team spent extra
ti me understanding client and
expectations, and behaviors

A Used to help better estimate energy use
A Helped with development of OPR

A Design: Focused on energy efficiency, occupant needs,
and energy generation.

A Construction: State-funded, multi-prime. Contractors
Invited to participate in helping to achieve NZE.

A Commissioning: Focused on mechanical systems only
(per owners request). Design engineer recommended all
energy systems, but owner was wary about Cx.




Predesign Studies
Understanding The Occupants
Managing Plug In Equipment

Milersvile University Lombardo Welcome Center

Plua Loads Schedule

Daily KWh with
Load Factor w/sf Occ |Unocg other

Lobby 11.0% 5.8% 16.89 3.84 15 9 8.0
Presentation Room 1424 2.18 25.1% 0.6% 8.33 1.53 15 9
Resource Room 544 4.65 7.0% 0.8% 5.25 8.55 15 9
Student Housing 733 0.49 30.9% 1.1% 2.33 0.67 12 12
Admissions 1551 1.09 28.9% 1.2% 4.85 0.70 12 12
Marketing 920 0.31 32.2% 0.8% 1.51 0.33 12 12
Student Workers 443 0.72 28.0% 1.2% 3.10 1.63 12 12
Support Spaces 995 12.61 12.8% 0.6% 28.99 12.67 15 9
Circulation 1254 1.20 0.0% 20.0% 2.16 0.96 15 9
Restrooms 470 4.32 1.7% 0.0% 1.08 9.19 15 9
MEP spaces 100.0% 100.0% 44.56 1.46 15 9
Total 119.04804 | 3.19668¢ | |

in:posse 2015




Understanding The Occupants
Building Schedules

Lombardo Center Annual Schedule

Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov
Dec

1 23 4 567 8 91011 12 13/14/15 16 17/18 /19 20 21|22 23|24 25|26 27 28 29|30 31

Jan NN

]
No Students Week
- -
H FallB-«  nclHE
Fs|FS Thanksgiving
| [ | ||

Standard Weekday [Fall Term 16 weeks
Hours Spring/Fall |Spring Term 15 weeks
Standard Weekday [Winter Term 5 weeks
Hours Summer/Winte|Summer Terms Summer 1 - 4 weeks, Summer 2 and 3 - 5 wee|
Weekday Admissions Event 4 days
Events "
Weekend Admissions Events 7 days
Working Weekend - 10 days
Weekend Housing Work 8 days
Weekend 77 days
Holiday/Closed 18 days




Verifying Occupant Impacts
Off Hours Work Trends and Temperature

Regular or SerARegular Off Hours Do you ever use anything else to help
Work Schedule (Non Event) you stay comfortable?

heating pad for _| am not allowed

14 Hand warmer neck and bac to vary my
% clothin
12 lap b?anke 2% 9
Q
810 -
2
Y— 8 T
o
g 6
£
> 4 5
2 4
No
0 - 45%
I come |stay after 6 |workon | workon | work
before 7:30 PM Saturday Sunday  overnight
AM

52% Take extra
steps to get
comfortable




Occupant Usage: Schedules

Energy Usage As a Percent of Building Total

ASelect staff works extreme hours at critical
periods In the year.

AThe University wanted to understand the impact
of providing full HVAC for these added hours.

AStudy looked at an additional 229 hours of
afterhours HVAC system usage.

AThis change alone would increase the energy
usage by 7.7%



Plan For Lombardo Temperature Contr
Based On Survey Results

Thermostat Locations:
Each private office will have a thermostat. Open office areas will have a thermostat per open area grouping.

Temperature Range:

The temperature range will be set to the following:
Summer: 74 deg. Winter: 68 deg. Thermostats will allow +/- 2 deg.

Humidity:
The system will remove humidity in the summer to make sure the relative humidity is no higher than 60%.
Lower humidity will help the building feel cooler.

Windows:
The windows will not open in the building. Open windows mess up the thermostats and humidity control. If
the heating/cooling system is still running, they also result in wasted energy. Shading will be provided on
the windows to prevent extra heat from the sun during the summer. This will help keep spaces cooler too.

After Hours:

There will be override switches for each heating/cooling unit and they will need to be activated by zone.
Overrides will provide heating and cooling for a period of 1 hour each time it is activated.




Building Performana@eBaseline

(estimated, theoretical)

16,000
14,000
12,000
10,000
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Energy Model Enduse Breakdown

Enduse by Month

EUI: 36.7 kbtu/sf/yr

APR

MAY

JUN

JUL

AUG

H Plugs
m Lighting
mHVAC



Renewable Energy Productéddaseline

(estimated, theoretical)

30,000
25,000
20,000
15,000
10,000

5,000

Renewable Energy Production by System

PV Glass

T %

Dual Axis Tracker
6%

RE System by Month

Production: 193:060 kKWh/yr

Jan

Feb

March

April

May

June

July

August

Sept.

Oct.

Nov

Dec

m PV Glass

m Dual Axis Tracker
m Flat Mount

m Bi-Fold



Measuring Success: Metering & Trackir
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A Overall Metering: Whole Building net meter
tracks energy pulled into the building and
pushed out from the building to the campus grid. =S

A PV Metering: Each sub-array is metered
so that performance of each can be tracked

A Loads Metering: Every building load is metered with
branch circuit metering. Virtual meters were created
to track energy by end use or zone

A Dashboard Display: Building performance
towards Net Positive Energy is tracked —
daily and available to building occupants |




Metering Connected to BMS

Feeder kWh Meter

PV System

RS Building kWh
Net Meter

nnnnnn

225KVA
124BKV PRIMARY
ATV SECORIRR

NET METER FOR PV SYSTEM - LOCATED IN BULDING
Al

“NDF 208 3., 4W, 12008, 65,000 AC

Large Mech. Equipment

Panel Branch Circuits



Metering and Monitoring: Electrical

BRANCH PANEL: LP BRANCH PANEL: RP1 |BRANCH PANEL: RP2 |BRANCH PANEL: HP1 [BRANCH PANEL: HP2
LOCATION: ELEC. Rl LOCATION: ELEC.AN LOCATION: ELEC.AI LOCATION: ELEC.F LOCATION: MECHANICAL 002 VOLTS (V): 120208 Wye ALC.RATING: 22,000 NEUTRAL: 100%
FED FROM:: FED FROM:: FED FROM: FED FROM:: FED FROM: PHASES: 3 MAINS TYPE: MAIN CRCUT BREAKER BUSSING (CUAL): CU
) FEEDER SZE: FEEDER SIZE: FEEDER SIZE: FEEDER SIZE: WIRES: 4 MAINS RATING: 2254 GROUND BUS: Yes
FEEDER SIZE: ENCLOSURE: Type 1 ENCLOSURE: T ) ; :
ype 1 ENCLOSURE: Type 1 ENCLOSURE: Tye 1 MOUNTING: SURFACE MCB RATING | POLES: 1234/ 3F FEED (TOP/ BOTTOM):
ENCLOSURE: Type 1
L1 CIRCUIT DESCRIFTION CKT CIRCUIT DESCRIPTION cKT CIRCUIT DESCRIPTION CKT CIRCUIT DESCRIPTION TRIP_| POLES A B 5 POLES | TRIP CIRCUIT DESCRIPTION CKT
KT CIRCUIT DESCRIPTION 1 |RECEFTACLE OFFICE 104 1_|RECEPTACLE [ [ P I P [z |
1 ILGNG 3 |IT RACK FEC 3 _|RECEPTACLE 3 | 3 85 | 447 3
5 |RECEFTACLE ROOM 103, 102 5 |FACP 5 5 [Gvoctsan 20 1 500 730 6
3 [LIGHTING 7 _|RECEPTACLE ADMISSIONS OPEN.. 7 |RECEFTACLE LOESY 135 7| T |E 2 [ 0 70 : e | & |
5 _|LIGHTING 9 |RECEPTACLE ADNISSIONS OPEN. 9 [COFIER [ o [p4 ) 1 [ 730 10
7_|LIGHTING 11| RECEPTACLE ROOM 127, 125, 11| DOCR OPERATOR. ™" n T e [ 12|
9 [INVERTER 13_|RECEPTACLE ADMISSIONS OFE__ | 13 |RECEFTAGLEROON 146,196, 154 | 19 = i B T = e W
11 |LIGHTING 15 |RECEFTACLE ROCM 107. 100 15 _|RECEFTACLE PRESENTATIONROOY | 15 1 15 |ER1 EJ 1 264 a 1 E ] 16
13 |LIGHTING 17_| RECEPTACLE ROOM 110.108 17| LAV FALCETS 7 7 |2 2 1 % | =40 1 E (X 18
5 |LGTNG 19 |RECEFTACLE MARKETING OPEN... 10_|RECEPTACLE w | 19| MOTORIZED SHACES 2 1 500 | 385 B n |z ER
e 1 _|REGEFTACLE MARKETING OPEN... 21 _|RECEFTACLE 2 e 21 _|FLOOD CONTROL VALVE ] 1 25 | %=
2 |RECEFTACLE ROOM 116, 117 23 |RECEPTACLE El 23 |BAS CONTROL PANEL ) 1 a 120 1 ElE 34
19 |LIGHTING 26 |RECEPTACLE HOUSING OPENOFFIC | 25 [LAVFALCETS = E3] 104 500 1 2 |PoneEr E)
21 |SPARE 27 _|RECEPTACLE ROOM 121,122 123 7 [oERCLASsFooNFRESERTATDL [ o T [ |FOWERELECRM. 121 2 2 104 ] 1 20 |BAS OONTROL PANEL =
23 |SPARE 29 |RECEPTACLE WORK ROOM 129 20 |OTHER RESOURCE ROCM 108 2 [vave 2 |FPower 20 1 250 | om0 1]
25 |SPARE 31 _[RECEPTACLE STUDENTWORK SPAC |~ 31 | RECEFTAGLE BREAK ADOM 12¢ E 31 |POWER 2 1 200 | 080 z el | = |
97T |SPACE _|RECEFTACLE OFFE 12 E W |sPARE 2 1 [ 0 1 Ol E5E £
25 Terace 35 | RECEFTACLE RESOURCE ROOM 120 = FRETS Fl T a [ - ~ |erace %
37 |RECEFTACLE STLDENT WORK SPAC = T |AcE = = 7 T = ~ |erAce B
30 |RECEFTACLE OFFICE 124 = | W |SPACE — — 0 0 - — |SPACE a0
41 |SPARE 41 |SPARE 41 |seacE - - a [ - - |sPace 42
TOTALLOAD:| __ T234vA 4090 VA SH0VA
TOTAL AMPS: @A A BZA
LOAD CLASSIFICATION
e _—_—
Other LOAD CLASSIFICATION LOAD CLASSIFICATION LOAD CLABSIFICATION LOAD CLASSIFICATION CONNECTED LOAD | DEMAND FACTOR | ESTIMATED DEMAND PANEL TOTALS
Recepiade | Oer Healing HVAC 35VA 100.00% 35VA
Power Power Healing STBO VA 00005 STEO VA TOTAL CONN. LOAD: | 21613 VA
Receptade [iztor T20VA 1Z500% TS0VA TOTAL EST. DEMAND: | 21643 VA
Other 4000 VA 0000% 4000 VA TOTAL CONN.:[60
Pomer 11678 VA 00005 TITE VA TOTAL EST. DEMAND: |60
NOTES:PROVIDEBRANCH CIRCUMI |
NOTES:PROVIDE BRANCH CIRCUITING MET! | NOTES:PROVIDE BRANCH CIRCUITING MET  |NOTES:FROVIDE BRANCH CIRCUITING ME |NOTES-PROVIDE BRANCH CIRCUTING METERING FOR PANEL HPZ

Lighting Loads Only Plug Loads Only Automated Building Systems Loads Only



Monitoring Action PlarOverview

A Lucid Dashboard
A Tracking by Area

A Tracking by End-use

A Critical Systems Tracking

A Heating, Ventilating, and Air-Conditioning

A Renewable Enerqy - Photovoltaic

A Identify Deficiencies and Opportunities for Improvement

A Root Cause Analysis and Investigation
A Net Positive




ucid Dashboard

Welcome to the Samuel N. and Dena M. Lombardo
Welcome Center

At Millersille University, our students are our center. The
Lombardo Welcome Center brings our student focus to a
central campus location while providing a community
education forum. The Lombardo Welcome Center brought
together generous donations from Samuel N. and Dena M.
Lombardo, the Steinman Foundation, and Lancaster County
Solid Waste Management Authority; careful planning by our
administration and staff; and key insights and knowledge
from architects, consultants, and builders to create a
sustainable space that's committed to our student's

g SEPA 48 P B | W tomorrow through purpose, design, and function.
E%GREEN L -

Click the icons on the panel below to learn more about the
PARTNER ; Lombardo Welcome Center's sustainable features.




