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A Comparative Study on Domestic and International Evaluation Criteria of
Commissioning for Sustainable Building Certification

Jeong, Dahun®, Jung, Chanwoo'
'"POSCO A&C

Abstract : Ministry of Land, Infrastructure and Transport established Heating and cooling energy conservation plan
of apartment for 2017, reducing 90% compared to energy consumption of 1990, Also, at 2015 United Nations Climate
Change Conference, the Ministry announced to reduce 37% of estimated CO” emission(850 million ton) at 2030, To
satisfy this, it is urgent to reduce CO” emission due to the building, which takes majority amount of total CO? emission,
and public interest for the commissioning of intensified building performance is uprising, However, the building
commissioning at construction is not enacted, and not activated due to the lackness of promotion and will of general
contractor, Furthermore, commissioning is not mandatory for obtaining G—SEED certification, Therefore, this paper
describes effectiveness of commissioning with comparison of commissioning evaluation criteria of G—=SEED with
LEED and BREEAM, to propose making commissioning as mandatory process and drive changes in perception among
stakeholders for activation of domestic building commissioning,
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Table 1. Definition of commissioning in U.S.

Scope Guide Title Definition

To support the design, construction,
and eventual operation of a project that

+ . : .
II;/InE\/ZP LEED meets the owner's project requirements
ope (Certification) for energy, water, indoor environmental

quality, and durability.
(http://www.usgbc.org/leed, 2016.)
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systematic approach to improving system
performance, operation & maintenance,
indoor air quality & thermal comfort, and
energy efficiency, as well as benefits like
improving occupant comfort, health &
welfare, and productivity, in both new and
existing buildings.
(https://www.wbdg.org, 2016)

WBDG

Quality—oriented process for achieving,
verifying, and documenting that the
performance of facilities, systems, and
assemblies meet defined objectives and
criteria. (https://www.ashrae.org, 2016)

ASHRAE
Guideline 0

systematic process that addresses these
issues. It facilitates and ensures the
ACG required communication, coordination,

MEP COMMISSIONING| testing, and verifi— cation, and results

GUIDELINE in the delivery of a building whose HVAC
systems perform as intended.
(http://www.commissioning.org, 2016)

APPA systematic process of assuring that a

(INSTITUTE building performs in accordance with

FOR the design intention and the owner's
FACILITIES operational needs.
MANAGEMENT) | (http://www.appa.org, 2016)
to validate that the design and
NIBS performance of materials, components,
Envelope GUIDELINE assemblies and systems achieve the
3-2012 objectives and requirements of the

owner.(NIBS, 2012)
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Table 2. Definition of commissioning in Korea

Scope Guide Title Definition

Building commissioning and TAB
include verification of exact and
effective construction for a variety of
systems based on system testing,
design intention and relative law in
building handover and disposal phase.
It is for verifying exact operation of
system and restoration of pollution
MEP caused by contaminant incurred in
construction phase.
(http://www.g—seed.or.kr, 2016)

G—-SEED
(Certification)

Commissioning is to assure that a
system performs in accordance with
the design intention and the owner's
operational needs. (Ministry of Land
Infrastructure and Transport, 2011)

Korea building
Machinery and
equipment
standard
construction guide
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Fig. 1. Energy savings and payback times (Evan Mills, 2010)
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Table 3. Commissioning Rating System of G-SEED (Domestic)

Table 4. Commissioning Rating System 1 of LEED

G-SEED 2013 LEED V4
Evaluation : Evaluation
Field 5 Maintenance Field Energy& Atmosphere (EA)
Evaluation ) - . Evaluation
5.2 Effective Building Maintenance isite : issioni ificati
Category g Category Prerequisite : Fundamental Commissioning and Verification
Eva!uat.ion 5.2.2 Implementation of Commissioning and TAB Eval.uat_ion Implementation of commissioning included detailed work as
Criteria Criteria | follows
+ Detail of Evaluation Criteria - Detail of Evaluation Criteria
Building commissioning and TAB include verification of . ) .
) ) ; . To support the design, construction, and eventual operation
exact and effective construction for a variety of systems Evaluation . s . .
. - N . X of a project that meets the owners project requirements for
Evaluation | based on system testing, design intend and relative law Intention ter ind ) al it d durabili
Intention | in building handover and disposal phase. It is for verifying energy, water, indoor environmental quality, and durabiity.
exact operation of system and restoration of pollution
caused by contaminant incurred in construction phase. Score Required
Score | 3 Points Evaluation Criteria Score | Possible Score
Evaluation Criteria Score | Possible Score Implementation of Required Required
soor 18t Implementation of ) commissioning task
coring N iaainni
e grade| building commissioning 1,_3 Commissioning Process Scope
ond ‘ Points 1. Review the OPR, BOD, and project design.
grade Implementation of TAB 1 2. Develop and implement a Cx plan.
3. Confirm incorporation of Cx requirements into the
- Reference and Submittal construstion documents ,
Seatli 4. Review of the exterior enclosure design
« TAB technical standard of HVAC system c io . g& 5. Develop construction checklists.
Reference | + ASHRAE Guideline : H” er.la d 6. Develop a system test procedure.
The HVAC Commissioning Process(1996) etQUIlze 7. Verify system test execution.
BH 8. Maintain an issues and benefits log throughout the Cx
+ Commissioning and TAB plan process.
Preliminary | « Commissioning and TAB contract 9. Prepare a final Cx process report.
Certification | 3 It is possible to substitute confirmation of 10. Document all findings and recommendations and
Submittal application report directly to the owner throughout the process.
h . 11. Develop operations and maintenance plan
» Result report or confirmation document of L .
. R Commissioning Authority
Main Commissioning and TAB T
I ) ) The CxA must have documented commissioning process
Certification | « Other evidential document of . L ) ) L
N experience on at least two building projects with a similar
commissioning :
scope of work. The experience must extend from early
design phase through at least 10 months of occupancy;
[A=! o) /l]— ol= = o] 5 _'TJKE I
‘:'_'_oﬂ EH ‘l— OA] 7]‘ ]J]_ —'—0174 Z] ‘—Fq—- H o 7_1‘:'] Operations and Maintenance Plan
H%/TAB 74]9_:‘]/\-] ] 74]9:]/\—] 111] ﬁy/]_ﬂ/\—p]_ zﬂ%ﬂgﬂ Scoring 1. sequehcg of operations for the bl.J\Idmg,
- Criteria & 2. the building occupancy schedule;
I Q15 Hrs d5T 4= ULt ) 3. equipment run—time schedules;
Required ) ) .
4. set points for all HVAC equipment;
3 2 LEED LH 9_| DI :i 7|_ 7|_7'c_ Lzt 5. set lighting levels throughout the building;
- <o = 6. minimum outside air requirements;
LEEDE #j=+ M 729]9135]¢1 USGBC (U.S. Green
Building Council)oﬂ/\‘] 7H1:ﬂ-5]_ ;{-xﬂx«] = o]7<—]1:ﬂ—L lr_/\u 7. any changes in schedules or set points for different
seasons, days of the week, and times of day;
ﬁg —ZﬂE(Leadershlp m Energy and Environmental 8. a systems narrative describing the mechanical and
. = lectrical systems and equipment;
JEaiel 1 U S e
De&gn)iﬁ X]H—‘ 2000 j 3 ETH /\] OOE] A= Z]d‘—7}~3“l— 9. a preventive maintenance plan for building equipment
EX]Q_] /\}%_’ _/'\_;(].% E%’ 01]1:];(]9_]— EH7]§_L7(:>]’ ;(].XHQ]. ;(]. describgd in the systems narratiive; and o
_ = = _ 10. a commissioning program that includes periodic
AU AY 3 5 &= FQ 67| Bol= o|Fo|A 9t} o] F commissioning requirements, ongoing commissioning
tasks, and continuous tasks for critical facilities
s 5, AnAEE olvx|et ti7ighd e Wl 2
2oz zAL]o] 911 g FE AZEL A= AxE - Reference and Submittal
L SHAlA @ A ) Al 2]—’7 ol o o] o]
) “‘JJ‘/\] = {]—Uﬂj\l = tﬂ ]H iEL "]E/\l ] + NIBS Guideline 3—2012 for Exterior Enclosures
q_ 1 9] 7].;(4 3;(4_0_ ]:I}-_Q_ 5’\_ o] xJEN o gg 7.]]3],(:]14 Reference | + ASHRAE Guideline 0—2005 and ASHRAE
" M= e ° Guideline1.1-2007 for HVAC&R System
Enhanced Commissioning”©| @& & Q01
AR 0 2 A “EA Prerequisite : Fundamental Submittal | * Hesultreport of Commissioning

Commissioning and Verification ol A+= An| Ay T2]=}2]

30 stzzamessl =21 FigH Mis 20173 12
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© A ;(J] 74A4j 2 o] & o AF5) o= Evaluation eventual operation of a project that meets the

= ° DTE‘ -L]- Oﬂ 1—4 7-] l j] oo HITT= Intention owner’s project requirements for energy, water,

*3]-01] Eﬂzi]—o] Zﬂ/\]o S %th OHDP 2~3) g %L‘?—oﬂ 1:H‘§_} —%—H()] indoor environmental quality, and durability.
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ﬁ iﬁLE]CﬁOF - Al—/\ﬂbz}%(—?—oﬂl,]-ﬂ 74‘1—3151 Xhﬂ] —,‘?:03 Evaluation Criteria Score Possible Score
Path 1 3.0
A Ak 07| 24, A2 Aula] 2)8 majsk ol Option 1 |
} Path 2 4.0 2—6 Points
Table 4 (USGBC, 2013)2} Zro] AujAyd AF<=3 U Option 2 50

gozt Aol ofnE BT mAS], WFA0) A

Option1. Enhanced Systems Commissioning(3-4 points)

o HE|RHo]8) “CxA”) A 2 UHBE A A HAE, A+ Path 1 : Enhanced Commissioning(3 points)

H] 12l A A= & . ) Complete the following commissioning process (CxP)
] ~ /\]—— Doﬂ EH ]‘Prefmcuonal CheCkhSt Functional activities for mechanical, electrical, plumbing, and

Checklist ZH, S4/GA] B Qo] st s AA] = renewable energy systems and assemblies.

The commissioning authority must do the following:

. Review contractor submittals.

. Verify inclusion of systems manual requirements
in construction documents.

Verify inclusion of operator and occupant training
requirements in construction documents.

Verify systems manual updates and delivery.

. Verify operator and occupant training delivery and
effectiveness.

Verify seasonal testing.

Review building operations 10 months after

Au|yd Gell sl FA1- o= BgAsEaL Qlot, Adigks
© 2 9] “EA Credit : Enhanced Commissioning™2 41 2
RdRoA Q] Al A L]l ZekE AHu| At o]u]A
Yo 2712 S0 o]FolA gt 24 19] 338
Fofsl= ke AnjAadS 71A, A7), A 2 Ao
A Ao sl AlFEAol] AL mird QAR
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—GLO]'“—XI 0:] i pj_o ]%E/ﬂoﬂ %OC:}X]— E‘l 7’]‘;|<‘X]' F—‘%ﬂ] EH substantial completion.
1.0 3 ]__. R H 3lo 2l Lo olglo 8. Develop an on—going commissioning plan.
3 QAR FERIShEA] o 21, Al HiE o] Path2: Enhanced and Monitoring-Based Commission-
E9} Hj3z2] 3kl Seasonal Testing, 75 2 10714 7+ A ing (4 points) .
= o o o Scoring Achieve Path 1. and Develop monitoring—based
5 YA} SO/ HE, A FARS] AlEAF AR 5 7‘]1:']*4 Criteria & procedures and identify points to be measured and
U oo Aj O X 2o H° al ) evaluated to assess performance of energy— and
S WT= _,_oﬂ OHO]: EH:]- :] 1/] 458 =T O}L— EL]E-] RIS (€T water—consuming systems.
7]1;1_]—_,] 7—]1]],{:]1618 %_/v] 7]—§]-E] ﬂu]/(:]l/loﬂ/ﬁ JQ,__"[Lo]—t ‘63—% Include thg p.roc.edures and measurement pgint_s in
P g = the commissioning plan. Address the following:
T —,—030}_12 E-l/]Ei‘j/o] 7]1?_]' XEX]— ?““1‘3_4' Oﬂﬂxl/ﬁ /\]' 1. roles and responsibilities;
= 5 _—rz = 2. measurement requirements (meters, points,
—Q_ }\V_\'E“g] 3 ‘6‘ 2 %7}01—}; ;L]DIA:]L] 7:"@}\1—% ZO}EE_ metering systems, data access);
Qsit AEA Yol 23k FEEL sl o) =4 Q. 3. the points to be tracked, with frequency and
_ duration for trend monitoring;
:[L/\]'Zﬂ' EL]E—]E 7]7]'37—]' ] E ] ?::" Z_]' %%, }\]—/—\-@9’] "?‘ 4. the limits of acceptable values for tracked points
X_];(_] Z]—E ml = o= nl AFRO and metered values (where appropriate, predictive
‘6]‘ OﬂLﬂX] = /\]— ‘— S, 710 L5 X A% algorithms may be used to compare ideal values
H]—EZ]—7] Hz‘;_]— %]—% 74]@ »(P-‘rre Ho ]5—]_7] _?,]-{5_]— -E_%’ Asl% with actual values);
° — . A = 5. the elements used to evaluate performance,
X] ﬂnﬂ ZHE] ﬂ 1'] H o :?:(—1 5:— 1= D ‘11__}'\1 ]?]_]5:— o including conflict between systems, out—of—
- = sequence operation of systems components,
0] 9"]\1:]— ‘2/\% 2'/] 9,]3_]7_]1:]}\:]1/1_9_ 2% —‘% l?“ o]—U:L Z‘_]%?—] and energy and water usage profiles;
Oﬂ/\é‘— o PZ]—ELd?] _r]?s‘]- Aoz _9.};11 7O§}% 711:!]/\:]16] Olj 6. an action plan for identifying and correcting
operational errors and deficiencies;
Q’EO]OV‘“ 9]"’101] EHOH SHO]'EE‘ tg ]Q 9}1‘:]' @Hﬂ 7. training to prevent errors;

LH%‘C 0]—8]-] Table 5(USGBC, 2013)01]/\‘1 ?_Q’—)F %E]— 8. planning for r_epairs needed to maintain

performance; and
9. the frequency of analyses in the first year of
occupancy (at least quarterly).

Table 5. Commissioning Rating System 2 of LEED Option 2. Envelope Commissioning (2 points)
Fulfill the requirements in EA Prerequisite Fundamental
LEED v4 Commissioning and Verification as they apply to the
building’s thermal envelope in addition to mechanical
EVT:IiL:(tjlon Eneray& Atmosphere (EA) and electrical systems and assemblies.
- Reference and Submittal
Evaluation ) .
e’:tzs:)?y Credit : Enhanced Commissioning + NIBS Guideline 3—2012 for Exterior Enclosures
Reference + ASHRAE Guideline 0—2005 and ASHRAE
Evaluation Implementation of commissioning included detailed Guideline1.1—2007 for HVAC&R System
Criteria work as follows + Result report of Commissioning
Submittal « evidential document of commissioning(100%
+ Detailed Evaluation Criteria complete)
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of| A A AR AAISEAL Sl o] 5 04, 05 &= W
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Table 6. Commissioning Rating System 1 of BREEAM

BREEAM 2014

Evaluation Field | Management

UL 04. Commissioning and handover
Category
Commissioning and testing schedule and
’ responsible
Evaluation o - )
Criteria Commissioning building services
Testing and inspecting building fabric
Handover(Required)
« Detailed Evaluation Criteria
Evaluation To enc‘ou‘ragve a properly planned handover and
X commissioning process that reflects the needs of
Intention L
the building occupants.
Score 1-4 Points, Required
. o Possible
Evaluation Criteria Score e
Commissioning and testing 10
schedule and responsible :
Commissioning building
) 1.0 1-4
services
Points
Testing and inspecting
. o . ) 1.0
Scoring Criteria building fabric
& Required task .
a Handover (Required) 1.0

One Credit - Commissioning and testing schedule

and responsibilities

1. A schedule of commissioning and testing that
identifies and includes a suitable time scale for
commissioning and recommissioning

2. An appropriate project team member(s) is
appointed to monitor and programme pre—
commissioning, commissioning, testing

3. The principal contractor accounts for the
commissioning and testing programme

(Skip...)

One Credit - Commissioning building services

1. The commissioning and testing schedule and
responsibilities credit is achieved.

2. For buildings with complex building services and
systems, specialist commissioning manager is
appointed, and responsibilities are for Undertaking
design reviews and giving advice on suitability for
ease of commissioning.

One Credit - Testing and inspecting building fabric

1. The commissioning and testing schedule and
responsibilities credit is achieved.

2. The integrity of the building fabric, including
continuity of insulation, avoidance of thermal
bridging and air leakage paths is quality assured
through completion of post construction testing
and inspection.

(Skip...)

One Credit - Handover

1. A Building User Guide (BUG) is developed prior to
handover, for distribution to the building occupiers
and premises managers (Reqired)

. A training schedule is prepared for building
occupiers/premises managers, timed appropriately
around handover and proposed occupation plans,
which includes the following content as a minimum:
A. The building’s design intent
B. The available aftercare provision and aftercare
team main contact(s), including any scheduled
seasonal commissioning and post occupancy
evaluation
C. Introduction to, and demonstration of,
installed systems and key features, particularly
building management systems, controls and their
interfaces
D. Introduction to the Building User Guide and
other elevant building documentation, e.g. design
data, technical guides, maintenance strategy,
operations and maintenance (O&M) manual,
commissioning records, log book etc.

E. Maintenance requirements, including any
maintenance contracts and regimes in place.

n

+ Reference and Submittal

Reference

Building fabric

BSEN 13187 Qualitative detection of thermal
irregularities in building envelopes. Infrared method
BSEN 13829:2001 Thermal performance of buildings
— Determination of air permeability of buildings —
Fan pressuriation method

Commercial refrigeration

Guide to Good Commercial Refrigeration Practice,
Part5 Commissioning

GPG 347 Installation and Commissioning of
refrigeration systems

Fume cupboards

Labs21programme: A design Guide for energy
Efficient Research Laboratories: Commissioning
section— (Applicable to Education building only)
Microbiological safety cabinets

Labs21programme: A design Guide for energy
Efficient Research Laboratories: Commissioning
section— (Applicable to Education building only)

Submittal

Refer to generic evidence requirement above
— Building User Guide
— Thermo graphic survey and Level 2 thermography

certificate
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Table 7. Commissioning Rating System 2 of BREEAM

BREEAM 2014

Evaluation Field | Management

ST 05. Aftercare
Category
Evaluation Aftercare support (A1 clredn) ‘
S Seasonal commissioning (1 credit)
Criteria

Post occupancy evaluation (1 credit)

« Detailed Evaluation Criteria

FLe| SMAZCIS0M| 7ol FI17IEof it v o7

To provide post—handover aftercare to the building
owner/occupants during the first year of occupation
to ensure the building operates and adapts, where
relevant, in accordance with the design intent and
operational demands.

Evaluation
Intention

Score 1 — 3 Points

Possible

Evaluation Criteria Score
Score

Aftercare support 1.0

Seasonal commissioning 10 1 _—3
(Required) : Points

Post occupancy evaluation 1.0

One credit - Seasonal commissioning

1. The following seasonal commissioning activities
will be completed over a minimum 12—month
period, once the building becomes substantially
occupied:
A. Complex systems— Specialist Commissioning
Manager:
i . Testing of all building services under full load
conditions, i.e. heating equipment in mid—winter,
cooling/ventilation equipment in mid—summer,
and under part load conditions(spring/autumn).
ii. Where applicable, testing should also be
carried out during periods of extreme (high or low)
occupancy.
iii. Interviews with building occupants (where they
are affected by the complex services)to identify
problems or concerns regarding the effectiveness
of the systems.
iv. Re—commissioning of systems(following
any work needed to serve revised loads), and
incorporating any
revisions in operating procedures into the
operations and maintenance (O&M) manuals.
B. Simple systems(naturally ventilated) — external
consultant/aftercare team/facilities manager:
i . Review thermal comfort, ventilation, and
lighting, at three, six and nine month intervals
after initial occupation, either by measurement or
occupant feedback.
ii. Take all reasonable steps to re—commission
systems following the review to take account
of deficiencies identified and incorporate any
relevant revisions in operating procedures into the
O&M manuals.

- Reference and Submittal

— National best practice commissioning codes

— UK or European standards

1 1SO 189436—7:2008. ISO 6781:1983, ISO
9972:2006/EN  13829:2000

Reference

One or more of the appropriate evidence types listed
in The BREEAM evidential requirements section

can be used to demonstrate compliance with these
criteria.

Seasonal commissioning records/reports and letter
of appointment

Submittal
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Table 8. A Comparative of commissioning rating system of
G-SEED, LEED and BREEAM

G-SEED LEED BREEAM
5 Maintenance Energy &
- Atmosphere — Management —
) 5.2 Effective Fundamental ¢ A
Evaluation o . 4.Commissioning
Building Commissioning
category ) P and handover,
Maintenance — and Verification, 05. Aftercare
5.2.2 TAB & Enhanced '
Commissioning Commissioning
Minimum
standard 0 ©
Task scope MEP Total (MEP & Total (MEP &
Envelope) Envelope)

be completed
over a minimum 10

be completed
over a minimum

Post occupancy
evaluation -

(POE) period month period 12 month period
L OPR, Design &
Commissioning .
construction
& TAB plan or - .
document, Similar with
Contract, . .
Submittal S commissioning plan, | LEED
Commissioning & commissioning (more detail)
TAB result
report, and
report

system manual
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Table 9. Proportion of commissioning score to total score of
G-SEED, LEED and BREEAM

G-SEED LEED BREEAM
Cred‘|tslavg|lab\e of 27100 67100 77150
commissioning to total
Proportion of
commissioning 2% 6% 5%
credit to total score
© (2 c?edils
Minimum standard - (No.t mclgded n Included in credit
credit available of :
B available of
commissioning) o
commissioning)
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Table 10. Proposal for commissioning rating system of G-SEED

Criteria As-lIs To-Be Note
Implementation of . . Minimum
S 2P 2P
Commissioning (general) oints oints Standard
Implementa’[pnlof ‘ _ 2 Point Option
Envelope Commissioning
Development of Building
user guide and tenant - 1 Point Option
training
Total score 2 Points 5 Points -
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