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1.Understand the Challenges

* Energy Intense Buildings
e Large Infrastructure
* Occupied Facilities

* Maintaining Asset Value

2.Understand What’s Needed for a Comprehensive Evaluation
* Data

* Team

3.Understand the Value of Energy Modeling

Lea rning Objectives A Method for Carbon Reduction Planning



* Energy intensive buildings with large infrastructure with varying obsolescence

* Occupied Facilities (24/7), Rolling leases, logistics
* Maintain asset value (capacity, quality, reliability)

e Utility availability
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Owner

Engineer

(Integrated) Team Energy Modeler

©)
©)
©)
@)

- -y Contractor

Facilities Condition Assessment and Due Diligence

Consensus on System options for consideration

Data Inputs

®
®
o Local and State Emission Ordinances
o Constructability & Logistics

®

Budget, Incentives, Savings (S, EUI, CEl)

Comprehensive Evaluation A Method for Carbon Reduction Planning



Data Input: Facilities Condition

Assessmen

EQUIPMENT
TAG #

ITEM

NOTES/DESCRIPTION

APPROX.
AGE

Model No.

RATING (1-10)

Serial No. 1= Worst thru RECOMMENDATION

10 = Best

Per ASHRAE's equipment life expectancy chart, the air handling unit is past its useful

Capacity BTUH

Heating: 8,748 MBH (Coil Qty. - 12)

Flow Rate

DeltaT (°F)

CFm

150,000 CFM Total, 75,000 CFM

Photo's

lifa 1ifa Eunartanci nar ACUDAE ie 1€ vanre Tha air handlina 1init ic in anad canditian Cooling: 11,558 MBH (Total); 6,576 MBH (Sensible) (Cail Qty. -12) (EE MG
APPROX RATING (1-10)
AHU-T | Air handling unit, 100% OA, Dual Tu AGE . Model No. Serial No. 1 = Worst thru RECOMMENDATION Capacity BTU/H Flow Rate
10 = Best
Heating: 8,748 MBH (Coil Qty. - 12) [Z2000CM
Per ASHRAE's equipment life expectancy chart, the air handling unit is past its useful . N .
i quip p ¥ SN g P o Cooling: 11,558 MBH (Total); 6,576 MBH (Sensible) (Coil Qty. - 12)
ife. Life Expectancy per ASHRAE is 15 years. The andling unit is in good condition. . . o
‘ o ) . ) ) i X ) . Humidification: 685 Ibs./Hr. (Humidifer Qty. - 4)
AHU-2 | Air handling unit, 100% OA Recommend continuation of routine cleaning and maintenance on air handling unit
components. Consider replace existing supply fan VFD with an ultra-low harmonic Heati 583 GPM
| ) X ) eating:
15+ ITF-1-4 11280-1 7 VFD. Unit replacement should be planned in 5 — 8 years. Consider a retro-fit of the Cooli 1650 GPM
- . X ooling:
existing supply fan with new supply fan array for redundancy. Also consider g1 T
replacement of pre & final filter racks with Dynamic V8 filters to reduce annual
maintenance and filter cost. See Scope of Work Narrative for additional
AHU-3 | Air handling unit, 100% OA recommendations.
|
[ e g e S Y R IPING? Teplacement of pre & final filter racks with Dynamic V8 flters to reduce annual
maintenance and filter cost. See Scope of Work Narrative for additional
recommendations.
. Heating: 4,375 MBH (Coil Qty. - 6) 75,000 CFM
Per ASHRAE's equipment life expectancy chart, the air handling unit is past its useful Cooling: 5,779 MBH (Total); 3,286 MBH (Sensible) (Coil Qty. - 6)
Iife. Life Expectancy per ASHRAE is 15 years. The air handling unit is in good condition. Humidification: 685 lbs/Hr. (Humidifier Qty.-2)
Ventrol air handling Unit (AHU) serves floors 1 - 12 for core spaces and tenant lab/office Recommend continue routine cleaning and maintenance on air handling unit . S EETENEE W 6°F D (Wi
spaces. Unit has chilled water (CHW) cooling coils and pre-heat hot water (HW) coils, steam components. Consider replace existing supply fan VFD with an ultra-low harmonic Heating: 292 GPM o Entering AT TCERE) S (Winten
AHU-4 | Air handling unit, 100% OA paces. 9 pre-neat St 15+ TF-1-4 11280-4 7 VFD. Unit replacement should be planned in 5 ~ 8 years. Consider a retro-fit of the T Heating: 54°F AT; EWT: 200°F - LWT: 170°F
hurmidifiers, 309 pre-filters/85% flters and supply fan(s). Unit includes a freeze-protection Cooling: 825 GPM v
N ' existing supply fan with new supply fan array for redundancy. Also consider Cooling: 40.5°F AT; EAT: 91°F - LAT: 50.5°F
pump due to 100% OA and no glycol use in HW piping. replacement of pre & final filter racks with Dynamic V8 filters to reduce annual
maintenance and filter cost. See Scope of Work Narrative for additional
recommendations.
Per ASHRAE's equipment life expectancy chart, the air handling unit is past its useful Heating: 4,375 MBH (Coil Qty. - 6) 75,000 CFM
life. Life Expectancy per ASHRAE is 15 years. The air handling unit is in good condition. Cooling: 5,779 MBH (Total); 3,286 MBH (Sensible) (Coil Qty. - 6)
" " " N Recommend continue routine cleaning and maintenance on air handling unit Humidification: 685 Ibs./Hr. (Humidifier Qty. - 2)
AHU-5 Air handling unit, 100% OA paces. 9 pre-neat g 15+ ITF-1-4 11280-5 7 VFD. Unit replacement should be planned in 5 — 8 years. Consider a retro-fit of the e Heating: 54°FAT; EWT: 200°F - LWT: 170°F
hurmidifiers, 309 pre-filters/85% flters and supply fan(s). Unit includes a freeze-protection o ° Cooling: 825 GPM
N vt existing supply fan with new supply fan array for redundancy. Also consider Cooling: 40.5°F AT; EAT: 91°F - LAT: 50.5°F
pump due to 100% OA and no glycol use in HW piping. replacement of pre & final filter racks with Dynamic V8 filters to reduce annual
maintenance and filter cost. See Scope of Work Narrative for additional
recommendations.
Per ASHRAE's equipment life expectancy chart, the air handling unit is past its useful Heating: 3,888 MBH (Coil Qty. - 3) 66,667 CFM
life. Life Expectancy per ASHRAE is 15 years. The air handling unit is in good condition. Cooling: 5,162 MBH (Total); 2,926 MBH (Sensible) (Coil Qty. - 3)
; U Recommend continue routine cleaning and maintenance on air handling unit Humidification: 600 Ibs./Hr. (Humidifier Qty. - 2)
AHU-6 | Air handling unit, 100% OA paces. 9 P! X s ste 15+ ITF-1-4 112806 7 VFD. Unit replacement should be planned in 5 — 8 years. Consider a retro-fit of the 9 Heating: 54°FAT; EWT: 200°F - LWT: 170°F
hurmidifiers, 309 pre-filters/85% flters and supply fan(s). Unit includes a freeze-protection : : ° Cooling: 738 GPM - 5 ; .
due to 100% OA and no glycol use in HW piin existing supply fan with new supply fan array for redundancy. Also consider Cooling: 40.5°F AT; EAT: 91°F - LAT: 50.5°F
pump due o aly piping. replacement of pre & final filter racks with Dynamic VS filters to reduce annual
maintenance and filter cost. See Scope of Work Narrative for additional
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Data Input: Consensus

Decarbonization Recommendations

Type (CRM, Idea Description Engineering  Owner Approved | GCto ot
Resiliency, etc) (YIN) (YIN) Price (Y/N) Ol€S

Will be required regardless of the quantity or size of
CRMs implemented

Gl |General CRM Renewable energy credits Purchase renewable energy credits (RECs) for all electricy consumption Yes

Architectural

Pressure test the building floer-by-floer and fill cracks. May alse be
Al |Architectural (CRM Reduce infiltration
accomplished with exterior thermal scanning,

Replace existing punched window assemblies with triple pane window
A2 |Architectural (CRM Replace glazing with ultra low U-value ) ) . .
assemblies. (Does not include replacing curtainwall glass.)

Replace 8 gas fired water heaters in penthouse with total of 4 electric water
Pl |Plumbing CRM Replace gas water heaters with electric ¥ & p=N Yes
heares (Two | SKW models for TW & Two 27KW madels for NHW.)

) Did net pursue ASHP er W5HP's based on space
Did not pursue ASHP or WSHP's based on space required, total KW, and
P2 |Plumbing CRM Replace gas water heaters with ASHP , ) ) , Neo required, total KVV, and cost. Hot water usage in
cost. Hot water usage in building does not justify the application. o o o
building does not justify the application.

Reduce energy consumptien from water booster
pumps. Basement level fixtures observed to be 1.0
P3  |Plumbing CRM Ultra low flow urinals and low flow fixtures [Reduce energy consumption from water booster pumps, Yes gpf urinals and 1.6 toilets, These would be replaced
in kind, and provide water savings and slight
reduction in booster pump usage.

Replace distributed electric water heaters with core toilets with centralized
ASHP. MNa See above

Based on available space on high roof, 48 total
modules may be located. These would account for

P4 |Plumbing CRM [Centralize core toilet water heaters

Provide 84% of the building's peak heating capacity with air source heat

M1 |Mechanical (CRM ASHP - 84% (Option 1) pumps. Heat pump modules to be placed on the high roof and connected Yes .
i ] approx. 84% of the building's new heating load
into the existing heating hot water system.

(based on reduction in building airflow.)

Provide 15 ASHP modules on the high roof. These

Provide 25% of the building's peak heating capacity with air source heat would account for approx. 25% of the building's new
M3 |Mechanical (CRM ASHP - 25% (Option 2) pumps. Heat pump medules to be placed on the high roof and connected Mo heating load (based on reduction in building airflow.)
into the existing heating hot water system, In line with New stretch code requirement for new
buildings.
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Data Input: Emission Ordinances

Newton
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>

.

MD

Orlando

@ Miami

[ M4
L New York City
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> Cambridge

’— Boston

v’ .
‘— Providence
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Benchmarking required for public
and commercial buildings

@ Benchmarking and additional
actions required for public and
commercial buildings

@ Benchmarking required for public,
commercial, and multifamily buildings

@® Benchmarking and additional
actions required for public, commercial,
and multifamily buildings

Comprehensive Evaluation

A Method for Carbon Reduction Planning



Data Input: Emission Ordinances

30.00 Building Emissions vs BERDO Limits

25.00
20.00
o
Z
'S
vy
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o
(&)
o
4
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0.00
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YEAR
=== ACP($100K) k=== Avoided ACP ($100K) e Building CE| @ BERDO Initial CEI
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Data Input: Constructability & Logistics

400 M2 GENERAL VENT. HX
— SHALLRUN-THROUGH-ROOF

NEW EXRAUST AR RANDLING UNT 92 et el s el e

COMPLETE Wit FLTER SECTION, KOWVEKTA AND_EXTEND 10'-0° g}el}‘; ROOF 17 I

HEAT RECOVERY COILS, BY-PASS AIR IN-1 YAKE WITH GuY W/P/NG 90 CFM. ‘
CrENNG W OnZED P E A

PLUME LAB EXHAUST TANS,
KONVEKTA HEAT COILS Wi ERVED
OPF OF KOMVEKTA HEAT RECOVERY SKID 82

| | | .- | 226\ PH_EXH STACK SHALL
‘ ‘ ‘ ‘ | RUI THF’OL/GH 00F AND
= ABOVE £OOF
i I | ' 12 | 1 cuv wwwc © 4500 CFM.
H FuTY 2 GENERAL EXH STA '
| SHA| | Vwm-t GUY WIRING. | @ \
‘ ‘ | ‘ | W | | o | !
\ \ \ \ o oz ' | |
' 1 yor on i 180 TRANS. VAULT SHOKE EVA
! ! [ l47‘19-2 —»l | i EXH BTACK SHALL RUN UPO THROUGH THE
T I ROOF| AND EXTEND 100" ABOVE HIGH
‘ ‘ ‘ _ SEE PCWS & R RISER PIPING DIAGRAM | ROOF\ WITH GUY WIRING @ 2500 CFM.
1" F /A FOR IN & ON DWG H-3.04 FOR RISER AND ] I
I | 6" CON?A/NMENT PIPE SHAL{ TAKE-OFF SIZES ON EACH FLOOR. | | ‘
RISE_UP THROUGH ROOF Tol I
THE DAY TANK (Af 8TH FLOOR). 1 II T = i
RialiuaiRadal ol — !
T - T f
RO 2 R R o [ [ 1" FOS & 1 1/4" FOR IN A ON| DWG H-3.06 For RER AND 30" CWS&R : P o DN G15.015 CF
¢ T | @ 6" CONTAINMENT PIPE ON. K TAKE-OFF SIZES ON EACH FLOOR. P & DN Y Y 852!
48722 SA STR. VEST.
1
— [—— R S A ¢ SEEMPS, _IPC, HWS &R RISER [ [ || |UP & DN © 10,210 CF
o Sl o ‘ F T PIPING DIAGRAMS ON DWG H-3.01 = FUTORE VIVARIUM
! WOONTED 30 APR 48x26 SURPLY AR STAI ‘ FOR RISER AND TAKE-GFF SIZES ON, CWSER RISER LOCATION
A 3 } PRESS. zigcr UP & D EACH FLOOR 54X16 EA|(TYP 2) | 45728 S STR) PRES:
‘ ol - 5 10:400 CF1 g || [R-18-01T oL e 6% DUCT FOR BALANCING, A P& N @ 12480 e
\ I e oo
2 I & FUTURE TENANT EXH. ‘ T LANGING VALVE 9878 GEN. EXH UP & 2
30 ! SEE DWG }=3.09 TYP 1 1/4" TvP. DN @ 108,000 CFM ﬂm%ﬂ | FUIURE, TENANT EXH. 503
i A V" SEE DG 09
| | /( It GEF4—18-0178P .—
A MIN. 3'-0" OF STRAIGHT DUCT BEFORE Tves [ w |_— SEE SJAIR NOZ DUCT RISER DIAGRAM
AND AFTER 'ELEC. DUCT HEATER. ) u I J ?Aé . H*ngb‘ gﬁ”;ﬁfﬁngg
140 ELEV. MACH EXH STACK - i [T / o "%
EXTE/i?HAYLZé?PDU'NAgz?/zGH%HLﬁéglﬁz @ ‘ 2" CONDY| DRAIN L/NE‘ NTO FEIEES i i (2) DUCT SMOKE
WITH GUY WIRING @ 75110 CFM. |OREN END DRAIN ABOVE CEILING. ~ 4 - ! 3 =T DETECTGRS FOR EACH
- - | J oo w0 || & SUPPLY\DUCT
36X24 STAIR =1 ILER & (1) WS & L/ i TR >
SUPPLY DN BREECHING | 4" WS Ulsszescegeanazanal - L2V e ACCES= \TO, SWOKE DETECTORS
140 TRASH RM. EXH |STACK [ UP & DN. 3 2 =2 BALANCING | § ste Dwe 506
SHALL RUN ALONG WALL AND /I’j” i IS o] o VO AHUB*7*10*1|1=18-01" ‘
EXTEND 10°~0" ABOVE HIGH), ROOF 1ol G- 1
WITH GUY WIRING @ 140Q CFM. i 5
H ‘ " CHWS & R|)\1 1/4" co‘wv//
\ I LINE AND_1f HWS & R UP.
308 LOADING DOCK EXH| STACK 34 — T T e

SHALL RUN ALONG WALL ZND :{::
EXTEND 10°-0" ABOVE HIGH, ROOF
WITH GUY WIRING © 4800 CEM. I e

TACKS ‘ ESRE !
G. S L
T T 12l

[ HWS & R

(3) 18" 1. denERATO) i
—_—— e ,NiffuferHAL/STS,E & DN ' -——

189 TRANS. VAULT SMUK& EVAC. f

[XH STACK SHALL RUN ALONG WALL i
70°-0" ABOVE! HIGH |

RDDF wm-r GL/Y WIRING @ 25017 CFM.

12 TYP

14X8 TYP

120 CHEMICAL STORAGE EXH STACK ! [
SHALL RUN ALONG WALL \AND I FUTURE LOCATION OF 16" /] | 1" COND. DRAIN
EXTEND 10°~0” ABOVE HIGH ROOF GENERATOR EXWAUST UP & 4N LINE UP.
WITH GUY WIRING @ 1000 CFM. ! ‘ CHWR=18-01T
\ | i |
36X30 ELEVATHS MACHINE ROOM VENT. —| | i
NEW EXHAUST ATR HANDLING UNI #1 l 4 (MACH. AT M1 JLEVEL & — EE HV, AV, CHWS & R R/SER P/PINE gf;f%fg[?é& RZ%EFZ%ET' 2732— LIFE.
COMPLETE WITH FILTER SEGTION. K ,_,_4’—</P—?e wmj‘mor & 2 e PAGRAUS ON DHG . DA o M DU A
RECOVERY COlL SECTION, BYOATS AR b sHarT. O FISER AND TAKE-OFF $1265 0N ! -4
' ITAKE OPENING WITH MOTORIZED DAMPER g EACH FLOOR. AND TAKE-OFF SIZES ON EACH! FLOOR. g
‘AN HIGH PLUME LAB EXHAUST FANS: |
KONVEKTA HEAT COILS WILL WLL BE SERVED NOTES:
OFF OF KONVEKTA HEAT RECOVERY SKID #1. | |
| E 0] QGENERATOR STACK SHALL HAVE_ Gl AT FLOOR SLABS ON 14TH,

_ - —— -~ 167, ~ 18T AND ROOF ELEV. 331'-0". ANCHORS SHALL BE AT
FLOOR SLABS ON 13TH, 15TH, 17TH, PENTHOUSE ELEV. = 316'-0"

- T T-ROW T-ROW 1-ROW AND ROOF ELEV. 342'-0"\ A ROOF THIMBLE SHALL ALSO BE
® REQUIRED AT ROOF ELEV.= 342'-0". BELLOWS EXPANSION JOINTS AS
SEE|AIR_FLOW MEASURING STATION DETAIL D66 ON DWG H 009 REQUIRED ON |14TH, 16TH, 18TH AND ABOVE ROOF ELEV. 331'~0"

AND, DUCTWORK RISER DIAGRAMS ON_ DWGS. H=2.0 (ELEV. MACH. RM.). ALL GUIDES, ANCHORS AND ETC. MAY VARY
708 e S Locin b sccess ReoUREvents. siioeo DEPENDENT ON_ THE COORDINATION AND MANUFACTURER'S FINAL
AREAS ARE APPROXIMATE ACCESS REQUIRED FOR MAINTENANCE. BREECHING AND STACK LArOUT

@22)(22 ELEVATOR MACHINE ROOM VENT DN TO ELEV. MACH. AT
LEVEL & UP TO HIGH ROOF WITHIN A 2 HR RATED SHAFT.

TYPICAL LEVEL 14 18 @BO/L[R STAL‘K SHALL HAVE GUIDES AT FLOOR SLABS ON 15TH

18TH _FLOORS. ANCHORS SHALL BE AT FLOOR SLABS
FLOOH PLAN ON 1471 AND PENTHOUSE. FLOORS. A GUIDE AND. ROOF
e = THIMBLE SHALL ALSO BE REQUIRED AT ROOF ELEV. = 331°-0".
SCALE: EXPANSION JOINTS AS REQUIRED. ALL GUIDES, ANCHORS AND
ETC. MAY VARY DEPENDENT ON THE COORDINATION AND
MANUFACTURER'S FINAL BREECHING AND STACK LAYOUT.

Comprehensive Evaluation A Method for Carbon Reduction Planning



Data Input:

Budget, Incentives, Savings (S, EUI, CEl

Carbon Reduction Measures (CRMs)

New 600T Heat Resovery Chiller

§ 46,163,239

§ 247.851

§ 367,058

$6,362,989 $62,159,170

. X - EUI Reduction Bldg. CEl (kgCO2/Sq. New Bldg. CEl in 2050 CEl Reduction in2050 | Cumulative ACP Cumulative Avoided Cumulative Energy Cost Total Cumulative Savings (Budget + ACP) - Consruction Cost per EUI
SR G CpEnE e ERELIE T (KBTUIS . ) fpYr) (kgCOISq, FAYr) (KBTS, ft) through2050 | ACP Through 2050 Savings Through 2050 Through 2050 Eudosicos Total Savings Point Reduction
— oo By _— - — — = - -
Ms-rratch Bass Systern TRERE. A0 Coils, HR Skids, EAHUS
1 350
CE| Reduction in 2050 | Cumulative ACP Cumulative Avoided Cumulative Energy Cost Total Cumulative Savings Budaet Cost {Budget + ACP) - Consruction Cost per EUI
. udget Lo . . .
/16 Eolrs umdficsion el (KBTUISq. ft.) through 2050 ACP Through 2050 Savings Through 2050 Through 2050 Total Savings Point Reduction
2 TeaIoh B Syem FAET(E Frosing - AU Cors, FIT Ghids, £
EAHUS and EA Frosting Coils mA $ “,41 1,"5“ $ - s - $ -
Wl 16 Boilers +Hurmidfication 291
788 § 35,746 667 510664423 $12 841,234 § 23505657 g 29,427 554 § 41 668 564 535,046
Ms-rratch Base Systern ZEERS - AHU Cails, HR ﬂdg, EAHUs
and EA Froding Coils
5 WEHP provides ~65% of heat &t ~15 deg F OAT 348
NHSP oLl ot aperate bl 15 deg F OAT 10,32 § 23,845,525 § 00,565,565 § 00 881,287 § 45,446,852 Z 45,196,143 23 594 321 § 392,308
— — — -
w10 Blrs - Hurridfisaion ot 79 535,766,523 § 10,644,567 § 12,727 502 523,372,369 30,546 B0
§ 43 280,754 F 561,575
4 Full Fliow Systern RAERS 328
w14 Boilers +Hurmidfication 26
1032 523,865,382 22,545,708 20,767 555 545,313,563 § 46,655,194 25 207 013 § 405,345
5 | Full Flow Systern RAERS Frosting 327,
w14 Bnilers -+ Hurridfisation %78 1392 1357 745 1122 5 19,162,005 §27,249.085 528,194,892 § 55,443,877 s 62,389 464 536,117,512 4272
3 | Full Flows Systern ZEERS 3223 341 1565 377 91 $30016,727 §16,394363 §17,987,019 §34381,382 5 58 340667 55,976,012 5693706
1 6 Boilers +Hurricfication %28 1442 134 T4 1144 918,115,586 28,29-5,504 28027001 § 56,322,575 ¥ 72,169,944
§ 33 962 955 $500,485
b Replace Seam Bofers /19 H-Ef Cordening Bofers - Feeps 3818 252 7@ 1198 693 $ 4140326 $4970264 § 447279 939758 s 10,326,930
Stearn Hurnicification
$ 42,370,213 §409,799
Replace Steamn Boilers wf 19 Hi-Eff Condensing Boilers +hybrid
adiab atic: hurnidfication
78 3485 602 1% 62 1057 83 § 34509348 § 11,301,142 §10,040,053 21,941,135 * 15,768,594 28,337 347 261,937
Rephor-Stearm Boerewii-He
Eft-Gordensing-Briets—-Beatic-BeamBeiler
% 3442 03 L 347 32 & 4 & + 5 3,065 57409 SRR T §
8 Option 1+ Oplion 76 + Oplian & %78 119.4 14.27 349 1038 § 23,200,034 § 23,210,856 § 26,567,624 § 49,778,880 51,569,137 524,380,891 § 431819
Retroft exieting AHUswi Dyraric U i claners
9 w07 43 1427 12385 602 § 45765799 5645291 §3686.557 54351628 5399316 540 433 47 $232349

§ 4,894,607
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Value of Energy Modeling

Doy you need a second on that?

Energy I\/Iodeling A Method for Carbon Reduction Planning



The Importance of Planning

* Rising penalties & compliance costs
* Changing grid emissions factors
e Capital-intensive infrastructure

* Need for integrated strategy

ACHIEVE THE GOAL!!!

A Method for Carbon Reduction Planning
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Questions?

Tom Joyner
Managing Partner

Senior Associate | Energy & Sustainability

AHA; Institute for Sustainable Labs 2025
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