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Agenda

® What is Commissioning?
® Definitions &Goals

® Guidelines &Certifications

® Commissioning and Energy Efficiency

® Review of comprehensive study on building commissioning and energy efficiency and ghg
reductions

® "“Building commissioning: a golden opportunity for reducing energy costs and greenhouse
gas emissions in the United States”

® Sample Deficiencies from Recent Projects



An Overview of Building Systems
Commissioning




Commissioning- ASHRAE

"A quality-focused process for enhancing the delivery of a project. The process
focuses upon verifying and documenting that all of the commissioned systems and
assemblies are planned, designed, installed, tested, operated, and maintained to
meet the Owner's Project Requirements."

® Guideline 0-2019, The Commissioning Process

® ASHRAE/IES Standard 202-2018, Commissioning Process for Buildings and Systems



Definition —-WBDG*

"Building Commissioning is the professional practice that ensures buildings
are delivered according to the Owner's Project Requirements (OPR).”

® Buildings that are properly commissioned typically have fewer change
orders, tend to be more energy efficient, and have lower operation and
maintenance cost.

® The documentation of the commissioning process provides the foundation
for correctly benchmarking the baseline energy consumption of the facility.

Whole Building Design Guide: The WBDG Workgroup consists of representatives from over 15 agencies including the Department of Defense
(NAVFAC Engineering Innovation and Criteria Office, Army Corps of Engineers, Air Force Civil Engineer Center), Department of Veterans
Affairs, Department of Energy, General Services Administration (GSA), Department of Homeland Security and Department of State Bureau of
verseas Buildings Operations (OBO).



Commissioning Goals

® The primary goal of commissioning any project is to ensure that success for
the project is clearly defined in the OPR* and that the building performs as
intended to fulfill that mission. The definition accurately depicts
commissioning as a holistic process that spans from pre-design planning to
occupancy and operations at a minimum and should also include ongoing
commissioning. Accordingly, the goals of commissioning are to:



Commissioning Goals

Deliver buildings and construction projects that meet the owner's project requirements.
Prevent or eliminate problems inexpensively through proactive quality techniques.
Verify systems are installed and working correctly and benchmark that correct operation.
Lower overall first costs and life-cycle costs for the owner.

Provide documentation and records on the design, construction, and testing to facilitate
operation and maintenance of the facility.

Implement trend logs, automated and semi-automated Cu tools to enable O&M staff ongoing
Cu.

Maintain facility performance for the building's entire life cycle



Commissioning Certifications*

Title Acronym Organization
Certified Commissioning Authority CxA ACG - AABC Commissioning Group
Certified Building Commissioning
Professional CBCP AEE - The Association of Energy Engineers
Building Commissioning ASHRAE -The American Society of Heating,
Professional Certification BCXP Refrigerating and Air-Conditioning Engineers
Certified Commissioning
Professional CCP Bae - Building Commissioning Association
Building System Commissioning
Certified Professional CxCP NEBB - National Environmental Balancing Bureau
Qualified Commissioning Process
Provider QCxP University of Wisconsin—-Madison

*This is not an exhaustive list __

_ Certified
P Commissioning o
7 Professional




Most Common Commissioning
Process of 2021* e

GSA COMMISSIONING GUIDE

SEPTEMBER 2020

14% 16%

ASHRAE BCxA NEBB

+ voted by 43 people on Linkedin
constructandcommission.com

Data Source:
constructandcommission.com
inkedIn Survey N=43

Various Commissioning Guidelines Exist

ASHRAE Guideline 0-2019
(Supersedes ASHRAE Guiceline 0-3013)

Includes ASHRAE addend listed in Appendix Q
The Commissioning
Process

ACG COMMISSIONING GUIDELINE

anding Guidaling Prejact Czenrnizes (SGPC) for which the Sean
bl T adden ting prece-

2019 ASHRAE SSN 1 049.694X




Commissioning Process Overviews

Commissioning Process Overview Retrocommissioning Process Overview

r A s )

Pre-Design Phase

Design Phase

mﬂ-:l

+ Select a commissioning lead

+ Pre-Design Phase commissioning meeting

+ Begin developing Owner's Project
Requirements

+ Develop initial Commissioning Plan outline

+ Design Phase commissioning meeting
(If Pre-Design meeting didn’t occur)

+ Perform commissioning-focused
design review

+ Update Commissioning Plan

+ Develop commissioning requirements
for the specification

« Begin planning for verification checklists,
functional tests, Systems Manual, and
training requirements

+ Construction Phase kick-off meeting

+ Review submittals, monitor development
of Shop and Coordination Drawings

+ Review O&M Manuals

+ Perform ongoing construction
observation

+ Perform verification checks

+ Perform diagnostic monitoring

+ Perform functional testing

+ Develop Commissioning Report and
Systerns Manual

+ Develop Recommissioning Plan

+ Verify and review training of owner's staff

+ Aesolve outstanding commissioning issues
+ Perform seasonal /deferred testing
« Perform near warranty-end review

Planning Phase

Investigation Phase

Implementation Phase

r« Select the project

» Set project objectives and obtain
support

+ Select a commissioning lead

« Document the current operating
requirements

« Perform an initial site walk-through

+ Develop the Retrocommissioning Plan

+ Assemble the retrocommissioning team

+ Hold a project kick-off meeting

« Review facility documentation

+ Perform diagnostic monitoring

« Perform functional tests

+ Perform simple repairs

« Develop Master List of Findings

+ Prioritize and select operational
improvements

+ Develop Implementation Plan

« Implement selected operational
improvements

« Verify results

« Develop Final Report

+ Compile a Systems Manual

+ Develop Recommissioning Plan

« Provide training

« Hold close-out meeting

« Implement persistence strategies
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Mills, E. Building commissioning: a golden opportunity for reducing energy costs and greenhouse gas
emissions in the United States. Energy Efficiency 4, 145-173 (2011). https://doi.org/10.1007/s12053-011-9116-
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abbreviated or truncated
with several of these steps
being omitted

LEGEND

| ] J ] L

GEAPM Lead, Cx ol Lewd, Ox Team G5 OFM Lead
Team Supaant Supno

Final Pha:n:JS?i:p

J



Sample SVC and FPT Checklists — ACG Guideline

a g HVAC COMMISSIONING acg HVAC COMMISSIONING a(_‘g HVYAC COMMISSIONING

comminsEC SYSTEM VERIFICATION/START-UP CHECKLIST _— FUNCTIONAL PERFORMANCE TEST CHECKLIST Anmc FUNCTIONAL PERFORMANCE TEST CHECKLIST
‘ommissioning kg ——— Eommminizrng == . . - A R
ROOF TOP UNIT - GAS HEAT/DX COOLING Gy omw PACKAGED ROOFTOP GAS HEAT/DX COOL SYSTE
PROJECT: FROJECT: FROJECT:
Equip Name/Tag: Location: Systone Location: Sysiem Location:
Arem Served: i 13 - i .
System/Area Served: Related E = mmen A vl Ecqui pmen:
I
ITEM v COMMENTS SEQUENCE OF OPER ATHN: ;ﬁ? - SEQUENCE OF (R ERATION: ;:’;S_ [
PRE-START-UP INSPECTION Uneccupied made:
Commi lock-out procedures reviewed
Operation and mai ce information i When space emp. > night sethack heating segaint, confirmithat:
Mounting/support system and vibration isolation W hen heating i required, canfm (et T OMAD is tiidy clomed 5 DA =
Seisin “‘fa“":: ~ MAD i positioned 1 minimum 1A segain: (value st by TAB agency). — _Heating and coaling are hoth OFF
Y AT = DX cofing if QFF — Suggly fan (57 is OFF
e ~ G cycles ON/OFF to main min s pace heating emp. setpoin_
L\:'h Eation - Recond the following dat: When space emyp. < might sethack heating, confirm than:
Plenums clean and free of loose material = DAmp.___ F - - - - M"_D siays Gghily closed to DA and cooling stays OFF.
= Max. space emp., when GB siops ____°F; Min. gace emp., when GR sams ____F — SFisstaried

Temporary start-up filters

Fire & balance dampers positioned
Access doors, ion and interior lights
Tillies babk, DP Switoh sauat abd ohotahieh When heating & not required , and free cooling can meimin spece ey below coaling spoi,

ank, DP s gauge a g ¥ ¥ g ==,

Local valving/piping (gas, condensate, pans, drains)

= Max supply siremp. (SAT) ____“F; Min 5AT __“F — Gasheding (GH) fires
—  When spece termp. rises io > might seih

heating seipoini, confirm GB and SF tum OFF.

Motorized dampers =GB and DX coaling ane hoth OFF. MNOTES:
D/X expansion (cooling) coil and compressor = MAD maodubies from min. 0 A position o 100% open io OA, io mainizin space cooling seqpoint L
D/X ing coil and fans M — S
Gas piping and valving complete | hen codling i reguired, confirm that
Gas i fon certificate —  MAD & positoned @ minimum OA seqpain (value set by TAB agencyk.
enlatory authont approved allat TR and biGsE — DX cooling cycks ONJOFF to mainiin space cooling temg. seipoint
control (certificate available) Record the following dai:
Building cleanli; — DAtemn.__ “F
Electrical wiring complete °F; Min_ space emp., when DX siops ____F
Overload p ion (sized correctly) °F; Min SAT ____ “"F

Disconnect switch (tested)

Local control module with DDC interface

Control system - point to point checks complete
START-UP

Start-up by manufacturer’s representative with report

and certificate or log provided

Direction of rotation

Electrical interlocks - stop/start

Local air leakage acceptable

Vibration & noise level acceptable

Motor Amps - Rated :__ Actual :

Motor Volts - Rated :__ Actual :

Final operating filters installed Comimed on
Pre-start checks by: Date: Checks pedformed hy: Dater Checis perfarmed hy: Duee:
Start-up checks by: Date: = - = e
Drint name Sanature

12

ACG Commissioning Guideline 1 www.commissioning.org C-13 ACG Commissioning Guidaling | www.commissioning.org D-23 D-24 ACG Commissioning Guidaling | www.commissioning.org




Reducing energy costs and greenhouse
gas

Mills, E. Building commissioning: a golden opportunity for reducing energy costs and greenhouse gas emissions in the United States. Energy
Eff?ciency 4, 145-173 (2011).

Open Access This article is distributed under the terms of the Creative Commons Attribution Noncommercial License which permits any noncommercial use, distribution, and
reproduction in any medium, provided the original author(s) and source are credited.
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https://doi.org/10.1007/s12053-011-9116-8

Key points

® “"World’s largest compilation and meta-
analysis of commissioning
experience...” (as of 2011)

® Analysis of 673 non-residential
buildings,

® 99M SF of floors space
® $43Min commissioning expenditures
® Median Cu cost (in 2009 dollars)

® $1.16/SF —new construction (0.4% of
construction cost)

® $0.30/SF —existing buildings

Source: [Miller 2011]

Total Existing New constroction
Education
K-12 3,123,754 2467661 656,003
Higher education 12,029,520 11,401,833 627,687
Food sales 083,402 248,039 135,363
Food service 187,724 187,724 -
Health care
Cutpatient healthcare 4,525424 4,319,124 206,300
High-tech Facilities - - -
Cleanrooms 301,000 - 301,000
Data center 12,888 12,888 -
Laboratory 6,526,658 4,561,593 1,965,065
Inpatient TA4TE 088 6,791,029 6E7,950
Lodging 10,037,201 0,880,307 156,984
Mercantile
Retail 2,926,038 2026,038 -
Service 227,000 227,000 -
Office 40,867,062 30,072 765 804 206
Public assembly 3166611 2476985 680,626
Public order and safety 4,756,949 2485277 2,271,672
Religious worship 12,500 12,500 -
Warehouse and storage 175,379 13,500 161,879
Industrial 475,000 475,000 -
Other 1,411,622 1,351,622 0,000
Vacant - - - 14




Conventional
efficiency measure

Commissioning
measures. .

Efficient lighting equipment
and controls

o Verification that equipment installed
same as specified.
* Controls, sensors, algorithms functioning
as per design intent
* Emergency circuits always on
* Light level is appropriate

Efficient HVAC equipment and
controls

* Direct observation (e.g.. schedules; variable-
speed drive functionality disabled; timeclocks not
used or circumvented: simultancous heating &
cooling)
oPre-functional tests (e.g., pipe-pressure testing: duct

leakage: valve leakage; witness testing in factory)
¢  Functional tests (e.g.. review pump and fan
speeds: actuator and damper functioning;
observe operation of control sequences: test
extremes and crash-recovery)
oScheduling and resets match specs
. Right-sizing

Source: [Miller 2011]

Metering: energy management
system; energy information system

. Proper/optimal application of tools & procedures

oTest and verify that systems and displays match specifications
* Trending. benchmarking, and other uses of data collected
by EIS for the purpose of commissioning and
improved operations

Improving
insulation

ghting control using
motion

detection

sensors

High-efficiency
Hght lixtures

« Equipment right-sizing. thermal distribution

o |

Relationships: Commissioning and Energy Savings

[ Design/construction/startup 1

Development and adherence to design
intent documentation
Review of submittals

system optimization, etc,
* Construction observation
« Training

Sensors for control

. Calibration/accuracy
. Proper placement

* Proper coupling with
EMS/EIS

Efficient windows,
insulation, other envelope
components

Wﬂn-omclonq heating

systems equipment

[ Conceptual Drawing of Green Building ]

* Verify that materials and installation
matches design intent

« Design and application to ensure

avoidance of moisture and

thermal comfort

problems

15



Top faults causing energy inefficiencies in
commercial buildings (top 13 of 100+)

National
Energy Waste Electricity
(Quads, equivalent Cost
primary/year) (BkWh/year) ($billion/year)
Duct leakage 0.3 28.6 2.9
HVAC left on when space unoccupied 0.2 19.0 1.9
Lights left on when space unoccupied 0.18 17.1 1.7
Airflow not balanced 0.07 6.7 0.7
Improper refrigerant charge 0.07 6.7 0.7
Dampers not working properly 0.055 5.2 0.5
Insufficient evaporator airflow 0.035 3.3 0.3
Improper controls setup / commissioning 0.023 2.2 0.2
Control component failure or degradation 0.023 2.2 0.2
Software programming errors 0.012 1.1 0.1
Improper controls hardware installation 0.01 1.0 0.1
Air-cooled condenser fouling 0.008 0.8 0.1
Valve leakage 0.007 0.7 0.1
Total (central estimate) 1.0 94.6 9.6
Total (range) 0.34-1.8 32.4-171.4 3.3-17.3

Adapted from Roth et al. (2005) assuming 10,500 BTU/kWh, and $0.10/kWh

Source: Roth, K.W. D. Westphaler, M.Y. Feng, Patricia Llana, and L. Quartararo. 2005. "Energy Impact of Commercial
Building Controls and Performance Diagnostics: Market Characterization, Energy Impact of Building Faults and Energy
Savings Potential: Final Report." Prepared by TAIX LLC for the U.S. Department of Energy. November. 412 pp (Table 2-1).
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Deficiency Photos

Hot water valve motion impeded by piping layout
[EMC no date (a)]

Source: [Miller 2011]

Building envelope moisture entry [Aldous 2008]

17



Deficiency Photos

Rust indicates poor anti-condensation heating control

setpoints in supermarket refrigeration cabinet [Sellers
and Zazzara 2004]

Source: [Miller 2011]

Photosensor (fon.' daylight harvesting) sh
duct [Deringer 2008]

"

aded by
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Deficiency Photos

Condensation on bowom of FCU
and damage to ceiling tile

Plugged filter

Plugged filter causing condensation on bottom of fan
coil unit and damage to insulation coil resulting in
poor air flow [Martha Hewett, MNCEE]

Source: [Miller 2011]

Air leakage in an underfloor air-distribution system
[Stum 2008]
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Deficiency Photos

Exhaust fan hardwired in an “always on” position
[Mittal and Hammond 2008]

Source: [Miller 2011]

Failed window film treatment

20



Study Data

o energy-related deficiencies (available for ~one
of projects reviewed) when corrected resulted in:

* Existing buildings

* 16% whole building energy savings

e 1.1year payback

* (-$110/ton CO2e) GHG reduction cost*
* New Construction

* 13% whole building energy savings

* 4.2 year payback

* (-$25/ton CO2e) GHG reduction cost*

*Per author - negative cost for GHG reductions
because energy savings exceed commissioning
cost

Source: [Miller 2011]

Existing

Characteristics
Number of projects 409
Number of buildings 643
Number of states 26
Identified commissioning providers® 37
Commissioned floor area

Total (square feet)

Per building (median ksf)
Orwiership (by % of floor area)
Public 1%
Private 20%
Investment
Commissioning investment (US$2009)°
Total project cost (US$2009)
US$2009project

US$2009/f

Cost as % of construction cost
Outcomes

Number of deficiencies identified” 10,180
Number of measures” 5,795
Energy savings

Total primary energy

Elecitricity

Peak electrical demand

Fuel

Combined central thermal

Central hot water

Central chilled water

Cental steam

Payback time (years)”

Cost-benefit ratio”

Cash-on-cash retum”

Cost of conserved carbon ($/tonne)”

99,224,809

43,484,002

332
561
21
28

90,410,884
190,907

9%
3%

28,562,970
49,075
0.30

6,652
4,104

16%

16%
31%
12%
16%
19%
1.1

4.5

91%
-110

o84

15

8,813,925
67,987

85%
15%

14,921,031
86,546
1.16

0.4%

3,528
1,691
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Results by building type

P R R W R R R R R R B T R R R R R R R R B T R R B T R B TR R R R R R R R TR T R TR T T R R R R TR R B R R R W R e e

Public
Order and
wiSafaly s e e yeim e m e sr i oy

A L T T T T T T T T COCTCCCTTCTTSCTTTSSCTYTRCTSCTTSCTSCTCTTCTTTSEE Y L T T rrTTT

Higher
education
(non-lab)

Healthcare:
inpatient

Laboratory

Payback Time Achieved (years)

Healthcare:
Office Food sales outpatient
100 200 300 400 500 600 700 800 900

Pre-Cx Source Energy Use (kBTU/ft?-year)

Source: [Miller 2011]

Circle diameteris
proportional to
percent energy
cost savings (e.g.,
“*Office” = 22%).
Public order and
safety includes
prisons
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Central Tendencies and Data Spread

Energy Savings (%) Commissioning 2{:ust Cost Savings
R e (USS$2009/1t%) (US$2009/ft2-y)
’ 250 T--T oo o oo sosmmooomooee 080 T~~~ "--"----oooooo-——ooe
upper °
30% e ————— Q— 25%-j'e ————— ~. —————— . D ?{} W
200 - mmmmmmmem oo
25% +-—-—=-——=—f--~——ccmmme e 0.6e0
20% + ===~~~ e f e —— - 1.50 il Do oS 050 T===="f-""""7""""" ; ______
median 4 -y
o Lo g meden ) O
? S Y 030 T---- O
10% T--=~- é Tower @&
25%-ile 050 b o e mmmmn R T O S
5% EoEmis T s a e i e e
? 010 +----- | N [ ——
]
0% ' : 0.00 . ©0.00
Existing Buildings  New Construction Existing Buildings ~ New Construction Existing Buildings  New Construction
(N=163) (N=7) (N=317) (N=73) (N=315) (N=38)
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Central Tendencies and Data Spread

Payback Time (years)

1 T
upper
25%-ile ¢

10 TR et IS

8 e o n En e o s En e Em o Em s oam omm oam o e o Es e

6 L L L L L T T T e T

N median _ & .

2 B T I S ptUp e ——
lower ©
25%-ile

0 .

Existing Buildings
(N=300)

New Construction

(N=

36)

Benefit-Cost Ratio
12 T=======m=memeememeceeee———-
®

10 T =====f========c-cceeeee=-
8 ________________________
6 _________________________

O

4 _________________________
2 REEEEE S e e L e
0

Existing Buildings
(N=317)

Source: [Miller 2011]

New Construction
(N=37)

250%

200%

150%

100%

50%

0%

Cash-on-Cash Return (%)

Existing Buildings
(N=317)

New Construction
(N=37)

Cost of Avoided Carbon
(US$2009/tonne CO,-equivalent)

10
®
200 -
100 "o
0 1
0
-100 ¢
200 oo e e
Existing Buildings  New Construction
(N=254) (N=33)
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Findings

"Commissioning is arguably the single most cost-effective strategy for reducing
energy costs and greenhouse gas emission in building today”

Cases with comprehensive commissioning attained nearly twice the overall median
level of savings and five times the savings of the least-thorough projects.

Significant non-energy benefits such as improved indoor air quality are also
achieved.

Applying the median whole-building energy saving values to the US non-
residential buildings stock corresponds to an annual energy-saving potential of $30
billion (and 340 Mt of CO2) by the year 2030.

25
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Sample Deficiencies from Recent Projects




AHU-3 & AHU-6: The supply fan in these units are setup to run all the time. This appears to be an energy
discrepancy since the unit does not appear to be able to cycle off during unoccupied periods. The fan runs at
50% during unoccupied periods and 100 % during occupied periods.

AHU-6: Room sensor on this unit is reading 10 OF warmer that actual room temperature. This was resulting in
building occupants’ complaints due to overcooling of the space.

The hot water system currently produces 90 OF water during summertime (when there is a call for heat) and 180
OF water during wintertime because it has very unsophisticated controls. Due to proper working OAT Sensor
and no BAS control, the potential energy savings available through temperature reset, and occupancy
optimizations are not realized on the Hot Water System.

During Unoccupied and Optimal Start modes the outside air damper is supposed to go to 0% (closed) however
the damper on this unit does not close all the way. It remains open about 20%. Recommend having someone
adjust the linkages on this damper so that at 0% open there is a good seal providing no outside air intake.
Lighting Controls Study Rooms C & D: The occupancy sensors in these two rooms have their sensitivity set so
that they get triggered from outside the room. This is resulting in the lights are always on due to folks oassing
outside

Lighting Controls Exterior Lights: Zone 10 of the Lighting Controls Schedule require that the exterior canopies
and site parking lights are controlled via photocell. The exterior

canopy lights did not appear to turn off throughout our time during this test, even with lots of sunlight.

Hot Water Reset Not Implemented: Currently the energy saving Hot Water Reset sequence is not operational on
the boiler. The sequences call for the BAS to communicate the boiler setpoint via BACnet communication.
Based on conversations with Craig Ragone with BAS Systems, writing to the boiler setpoint is problematic and
not recommended. The boiler is therfore operating without a setpoint, ie. it just fires without a targeted supply
temperature.
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BAS Screens do not include critical points that are needed to allow the HVAC system to function correctly.
Missing points include OA Relative Humidity, OA Temperature, DA Static Pressure, Filter DP, Mixed Air Temp,
Among Others.

There is a mismatch between the supply fan VFD speed as displayed on the drive and what is displayed on the
BAS screen (e.g. 58% on BAS vs 78% on VFD).

Outside air for this unit is not filtered. The Design documents (M502) shows that this unit should have a filter
rack on the outside air entering the unit, upstream of the the enthalpy wheel, and one on the return side before
it crosses the enthalpy wheel. At the time of this test only the filter on the Return Air side of the unit was
present.

The design documents show that the supply air from the Energy Recovery Unit is to be be fed into the return air
duct of the RTU. This in an unconventional way to do energy recovery and this negates the energy savings
advantage of using such a device. The normal application of these two units is to have the supply air from the
ERU feed directly into the OA intake of the RTU.

The Sequence of operation for Economizer Mode will not operate with the unit's configuration. The sequence
requires that the OA damper and RA damper modulate to maintain 55degF Supply temp but the OA damper is
not being used. The RTU's OA damper is mechanically fixed shut.

Controls contractor has implemented a DAT temperature reset routine on the RTU. This routine looks at the RA
temp and if it is below 70deg F there is an assumption that the building is overcooling, and resets the DAT
setpoint to 60degF. This routine will not work because the RA senor reads MA instead of true RA because of the
configuration of the unit.
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N . WTU COOLING COMPORENTS
COMDENEING ISCLUDMG COMFRESSORS AND
== N CONDEMEING COIL FAMS SHALL
Fan EE CONTROLLED EY LUMIT
AUTOWATIC CONTROLS

CONIERSING
el

RTU=1 AND ERU=1 CONTROL DIAGRAM
SCALE: NTS

F&T SAT ZAT

ECONOMIZER MODE: THE SYSTEM SHALL ENTER THE ECONOMIZER BASED ON FIXED ENTHALPY 28 BTU/LB
(ADJ.) AND FIXED DRY BULB 75F (ADJ.). ERU—1 SUPPLY FAN SHALL BE OFF AND ERU—1 OA DAMPER
CLOSED. ERU—1 EXHAUST FAN SHALL CONTINUE TO RUN. RTU—1 SUPPLY FAN SHALL RUN AND THE

OUTDOOR AIR DAMPER AND RETURN AIR DAMPER SHALL MODULATE TO MAINTAIN A 55F (ADJ.) SUPPLY
AlIR TEMPERATURE.




