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Presenter Notes
Presentation Notes
Today were gonna talk about the Life Cycle Cost Manual and introduce some significant structural changes as well as shift the focus a little bit.


Recent NC Energy Directives

Executive Order 80 House Bill 951
Increase Use of Clean Energy Technologies and Energy Utilities to Take Reasonable Steps to Achieve Carbon
Efficient Measures Neutrality by 2050
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National and International Targets

Paris Agreement and Executive
Orders

PARIS CLIMATE AGREEMENT
* Power Sector 100% Carbon Free by 1 5 3. &
\

=\
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2035 O -
* Net Zero Economy by 2050. _@m o i
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Limit the avg. global Enhance resilience and Align financial flows in the
temperature increase to < 2° adaptation to climate world with these objectives
centigrade + achieve net zero impacts certain to occur

emissions by mid-century
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Presenter Notes
Presentation Notes
On the national stage the U.S. re-entered the Paris Agreement and here are some of those targets.
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How to Emit Less
Carbon

e Efficien

 Lower GWP Refrigerants

e Electrification



Presenter Notes
Presentation Notes
If you’re working toward “decarbonization” you’re looking at Increased efficiency, lower GWP Refrigerants, and electrification.  Electrification advantages are based on the grid using some level of renewables and that portion of renewables increasing over time.  At least 20 states have mandated decarbonization goals with some going so far as to outright ban new natural gas connections.  
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Presenter Notes
Presentation Notes
Here’s a snapshot of relative use of renewables among regional utilities with the darker colors indicating more carbon heavy electrical generation.  




Presenter Notes
Presentation Notes
Here’s an article that was picked up by the News and Observer about a study claiming that with the help of Federal support from the Inflation Reduction Act, the economics alone favor renewables over existing coal plants.  


G.S. 143-64.10-15 Energy Policy and Life Cycle Cost Analysis

HIGHLIGHTS

* The State shall take a leadership role in aggressively undertaking energy
conservation in North Carolina.

 Facility Designs shall take into consideration the total Life Cycle Cost.

* Energy Consumption Analysis of the facilities ‘Energy Consuming Systems’.
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LIFE « “Since the passage of this legislation, the
design of new state facilities in North Carolina
CYCLE has not undergone any significant
COST imprpvement in _quality as a result Qf life cycle
ANALYSIS costing. The primary reason for this appears

to be that life cycle costing is treated as an
“academic exercise’, rather than as a design
element, by architects and engineers. The
goal for this text is to help rectify this situation.”

for

STATE
FACILITIES

October 1, 2001

State Construction Office

Suite 450

301 North Wilmington Street

Raleigh, NC 27601-2827

1.919.733.7962

1.919.733.6609 FAX
http:/linterscope2.doa.state.nc.us/sco/main.htm
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Presenter Notes
Presentation Notes
This is what the 2001 manual we are using looks like.  This verbiage is in there…
Have we ended up with exactly the same problem that this manual was intended to overcome?  Probably.  How did this happen?
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Presenter Notes
Presentation Notes
Why we are where we are may well have been inevitable.  As the 2nd law of thermodynamics dictates that over time – things tend in this direction.  If you want order, it takes work added from outside the system.  We are all subject to this; we constantly add work to our kitchens or they rapidly move in the direction of disorder.  ANYTHING LEFT ALONE FOR 22 YEARS WILL START TO LOOK LIKE THIS EVEN IF IT STARTED LIKE THIS.


D R
LCCA -
Why

Repetitive Analysis and Results
Update

Shift Focus



Presenter Notes
Presentation Notes
In less abstract terms, 
SIR results not intuitive – even the term SIR is not intuitive.  It stands for savings to investment ratio.


Existing LCC Data Sheets

T STATE CONSTRUCTION OFFICE] STATE CONSTRUCTION OFFICE

LIFE CYCLE COST ANALYSIS N.C. DEPT. OF ADMINISTRATION| LIFE CYCLE COST ANALYSIS N.C. DEPT. OF ADMINISTRATION

FOR STATE FACILITIES RALEIGH, NORTH CAROLINA| FOR STATE FACILITIES RALEIGH, NORTH CAROLINA
YEAR CAPITAL $ ENERGY $ MAINTENANCE S REPAIR/REPLACE $ TOTAL COST

1 $200,000 $20,000 $7,000 $0 $227,000

2 50 $20,600 $7,210 50 $27,810

3 50 $21,218 $7,426 50 $28,644

4 $0 $21,855 $7,649 $0 $29,504

5 $0 $22,510 $7,879 $0 $30,389

6 50 $23,185 $8,115 50 $31,300

7 $0 $23,881 $8,358 50 $32,239

8 $0 $24,507 $8,600 $0 $33,207

9 $0 $25,335 $8,867 $0 $34,203

10 50 $26,005 $9,133 50 $35,229

1 50 $26,878 $9,407 $0 $36,286

12 $0 $27,685 $9,690 $0 $37,374

13 $0 $28,515 $9,980 50 $38,496

14 50 $29371 $10,280 50 $39,650

15 50 $30,252 $10,588 $0 $40,840

16 $0 $31,159 $10,906 $0 $42,065

17 $0 $32,004 $11,233 $0 $43,327

18 50 $33,057 $11,570 50 $44,627

19 50 $34,049 $11,917 $0 $45,966

20 $0 $35,070 $12,275 $0 $47,345

2n $0 $36,122 $12,643 50 $48,765

2 50 $37,206 $13,022 50 $50,228

23 $0 $38322 $13,413 $0 $51,735

2 $0 $39,472 $13,815 $0 $53,287

DESCRIPTION 25 $0 $40,656 $14,230 $0 $54,885

2 50 $41,876 $14,656 50 $56,532

27 $0 $43,132 $15,096 $0 $58,228

28 $0 $44,426 $15,549 $0 $50,975

29 $0 45,759 $16,015 50 $61,774

30 50 $47,131 $16,496 50 $63,627

31 $0 48,545 $16,991 $0 $65,536

32 $0 $50,002 $17,501 $0 $67,502

33 50 $51,502 $18,026 $0 $60,527

34 50 $53,047 $18,566 50 $71,613

35 $0 $54,638 $19,123 $0 $73,761

TOT. $200,000 $1,200,242 $423,235 $0
TOTAL LIFE CYCLE COST FOR ALTERNATIVE NO.0O $1,832,476
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Presenter Notes
Presentation Notes
This may look familiar.  We input the cost and annual energy consumptions in and some textbook number on maintenance and this other sheet inflates it all and adds it up and you come up with a LCC.


2023 State Const. w... 5
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C-DOA

READING SIR SUMMARY SHEETS

(A) (B) (<) (D) (E) (F) (=)
Life Cwycle Life Cycle Increased O perating
Adternative Investment Operating Investment Cost SIR Rank
(| »] Cost Cost Cost Savings
A1.0 $14,800 $362,046 NJA NTA N7 A Base Case
lAat.1 $19,750 $355,.791 $4,950 $6.255 1.26 1
N $0 $0 0.00 2
. $0 $0 0.00 2
5 $0 S0 0.00 =2
5 S0 $0 0.00 2
7 $0 $0 0.00 2
B S0 $0 0.00 2
o S0 S0 0.00 2
Ay (B ] T DY S S s
; TEErn s Life Cycle Life Cycle . Increased | Operating St i
. Alternative | Investment Operating Investment | = Cost Rank
B | Cast Cost Cost Savings SomEnE e
AfP1-1 $14.,442 $63,206 N/A N/A N/A Base Case |
2iP1-2 $24,071 $48,220 $9,629 $14,986 1.56 -
3|P1-3 $12,837 $30,757 -$1,605 $32,449 -20.22 { (=] |
a $0 $0 0.00 N |
5 $0 $0 0.00 2
(53 $0 $0 0.00 21
- $0 $0 0.00 2
8 $0 $0 0.00 21
=} $0 $0 0.00 21
(A) (B) (C) (D) (E) (F) (G)
Life Cycle Life Cycle Increased Operating
Alternative | Investment Operating Investment Cost SIR Rank
1D Cost Cost Cost Savings
1]BO $840,000 $2.151,348 N/A N/A N/A Base Case
2]|H-1 $770,000 $2,134,927 -$70,000 $16,421 -0.23 (7
3|H-2 $1,050,000 $2,347,150 $210,000 -$195,802 -0.93 9]
4|H-3 $1,190,000 $2,283,603 $350,000 -$132,255 -0.38 8
5 $0 $0 0.00 1
6 $0 $0 0.00 1
7 $0 $0 0.00 1
-] $0 $0 ' 0.00 1

This option is
actually the
lowest LCC



Presenter Notes
Presentation Notes
Then you put it on this SIR summary sheet which ranks it for us.  But it doesn’t always do a great job.  Here’s 3 examples.  


Takeaways
from
Review of

LCCA
Reports

Repetition in
Analysis

Lowest LCC
not always
selected

Trends
Established




Common Results |
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USER FRIENDLY EASY TO COLLECT MAKE RESULTS
INTUITIVE PROCESS AND COMPILE PUBLIC TO BE BUILT

M OV i n g ONGOING RESULTS. UPON.
Forward

FOCUS MORE ON JOIN PUSH TOWARD
ENERGY CONSUMING SUSTAINABILITY.
SYSTEMS.

2023 State Construction Conference

NC+DOA




Notable Updates

* Comparisons Approved by Owner at Contract Negotiation or Soon After.

* An Expectation of a Minimum Two LCC comparisons.

* HVAC System Comparison Required with One Option Sustainable (Not ‘Business
as Usual’).
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Presenter Notes
Presentation Notes
I think it’s importance to have some guidance here while also valuing quality over quantity.


Business as Usual

Large Building-Typical Layout

2023 State Construction Conference
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Presenter Notes
Presentation Notes
For a large building, business as usual means a chiller and boiler plant (maybe on site or maybe a central plant), VAV AHU’s and terminal reheat boxes.


Not Business
as Usual?

e “U.S. Achieves Fusion
Energy Breakthrough”



Presenter Notes
Presentation Notes
Since a lot of this change is a sustainability push – we are going to spend some time going over viable options that meet the “not business as usual” threshold.  Fusion may be many years away from affecting us directly but indirectly it is already happening in some projects…


Photovoltaic

Al Srdé nedatuan Swtch

P Generation : Poweerio
Fleier ? Exaipment

4

g I8

Bl Main fusebox



Presenter Notes
Presentation Notes
How about indirect use of fusion energy?  It would be good to see more photovoltaic analysys.


Life Cycle Costing toward Sustainability

Heavy Timber Construction Metal Roofing
* Renewable and Recyclable *  Recyclable
30-50 year life
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Llfe CyC|e COStl N g tcwa rd DHHS Campus — Salvaged concrete

from demolished parking lots used

Sustainability as sub-base.



Daylighting

Double-loaded core
« Skylights at deep floor plate

* Low-E glass, with sunshades and
ceramic fritting

2023 State Construction Conference



HVRF (Hybrid VRF)

VRF heat recovery outdoor unit
YW air sourced (22-56kW)

I
I
|

Comingin 2023

Less chance of
installation problems

Avoids some
upcoming
restrictions on

. . refrigerant in egress
Water piping providing .
simultaneous heating corridors and
and cooling refrigerant
monitoring

\ requirements.

[

2 refrigerant pipes

Hybrid Branch Controller (HBC)

8 or 16 pors

: Indoor units
HYBRID T e

CiTY MULTI Remote controllers
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Water Source Equipment

Heat Recovery Chiller Heater

Water-Source Products . .
Heat Recovery with Cooling Load

H eat Recove ry heat rejection to

cooling towers

No Reversing valve
+ Heating and Cooling
* Typical chiller design

CHW
dstribution

4
51°F
heat rejection to
heating load resnnnfenunnns
140°F kel ! B
. -
- -

heat rejection to

heating load Grrnnnn
L}
L}
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Presenter Notes
Presentation Notes
We see our business as usual chillers here but now we add a heat recovery machine.  It is set up to produce chilled water same as the others and it has an internal HX to produce whatever hot water we can get from the waste heat.  The same machine set up a little different in that it produces a set HW temperature and gets whatever cooling it can get and adds it the return; we call this a heater.


Water Source Equipment

Same machine as =

"R chillor and Chiller/Heater

Heater. No

reversing valve. COO'ing Mode Heating Mode
Internal controls

determine mode. { \
. Varies based on: |
I+ Load :
i« Entering Temp
i« Flow

! Varies based on:

| » Load

. + Entering Temp |
i * Flow
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Presenter Notes
Presentation Notes
And still the same machine set up to provide either a specific HW temperature and a specific chilled water temperature – though not at the same time we call a chiller heater. 
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Presenter Notes
Presentation Notes
Let’s talk about Heat Pumps.  They have the reversing valve so they can transfer btu’s either to or from the outside air.  A lot of people think “well they’re great until it gets to be about 40 degrees outside then it’s electric strip heat time.  Even the 20 ton rooftop units don’t generally have cold climate capability.  The fact is heat pump usage is taking off.


DOE Cold Climate Heat Pump Challenge

Performance Requirements Product Field Testing Deployment
Seasonal Heating Prototype Lab Testing (Winter Programs /

_ (Late 2021 / (2022) 2022-2023 or Commercialization
P el R e 2 L Early 2022) 2023-2024) (2024)

» Heating at 5°F [-15°C]
« Minimum COP of 2.1-2.4 at 5°F

- Capacity ratio of 100% for 5°F
capacity to 47°F capacity

« Minimum turndown ratio at 47°F

- Compressor cut-in and cut-out
temperatures

Heating at -15°F [-26°C] (optional)

+ HP operation at -15°F as
measured by compressor cut-in
and cut-out temperatures

2023 State Construction Conference
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Presenter Notes
Presentation Notes
On the residential side, the department of energy challenged manufacturers to develop units that work at 5 degrees with 100% capacity and a COP of 2.1 to 2.5.  That’s 2 ½ times the efficiency of electric heat.  Manufacturers have jumped on this in mass and we will see these targets met and exceeded.  

From the DOE perspective, this kind of electrified solution, in conjunction with a utility grid that is increasingly based on renewables, can make a real dent in carbon emissions.


2024 NCECC - 2021 ICC - ASHRAE 90.1-2019 - Includes
Air to Water Heat Pumps

Cooling-Operation Efficiency

: EER, FL/IPLY), Btu/W-hr
Equipment Size Category ( ) Source
Type Refrigerating Conditions
Capacity Ton OAT
Path A Path B (dbl"ﬂb) of

Per ASHRAE 90.1-2019 Addendum y (approved December 9. 2-21)

<150 2139629;3 P 21259[,51'5;51; P it
: ' : ' 17 db 15 wb
Air-source
>150 a1§gég£a||5='f\|;|P 31293'%1;3; IP ikl
: : : i 17 db 15 wb

Data shown from ASHRAE Standard 90.1-2019 Table 6.8.1-16 Addendum y

2023 State Construction Conference

Heat Pump Heating Full Load Efficiency
(COPh), WW

Entering/Leaving Heating Liquid Temperature

Low Medium High
95°F/105°F 105°F/120°F 120°F/140°F

23,290 22,770 22310
22.029 21,775 21.483
23.290 22770 22.310
22.029 21.775 21.483

Test
Procedure

AHRI 550/590

NC+DOA



Presenter Notes
Presentation Notes
ASHRAE 90.1-2019 now addresses air to water heat pumps.  I assume the upcoming NC code will be based on the 2021 ICC and that will be based on 2019 ASHRAE.  

But there are performance requirements for the cooling side and the heating side, at 15F and 47 F, and specific to the HW temperature that is being produced.


More “Not Business As Usual” Equipment
Air-Cooled Chiller Air-to-Water Heat ABLO-TRarar e
: Pump with Heat
with Heat Recovery Pump R
ecovery

Mode 2
Chilled Water Mode 1 | Mode3 l

Mode 1
Chilled Water
Mode 2 Mode 2 ﬁm
Heat Recovery |
2023 State Construction Conference
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Presenter Notes
Presentation Notes
Some general equipment that we probably need to start seeing more of in LCC submittals.


Power Input [kW] Capacity [kW]

40

30

20

10

Cold Climate Heat Pump

* .
.‘.o’ COP =
il 1 CoP=3
+* COP=15 copP=4
15 30 45 60
Ambient Dry Bulb [F]

Capacity Output [kW|

Power Input (kW]
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Presenter Notes
Presentation Notes
Yes, cold climate HP’s lose capacity and efficiency at low ambient temperatures and that has to be accounted for in design but they are still effective.


Hot Water Supply Temperature

What is needed by the zone equipment?

* Most equipment can be selected for space heating with
100°F to 110°F hot water

Equipment Hinimugl.:mhr; Supply
DOAS Air Handler >80F
Central Air Handler/VAV 95-105F
Single Zone VAV AHU 100-105F
VAV boxes (4row) 95-105F
Fan Coil Units w/ Changeover coll 100-115F

2023 State Construction Conference
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Presenter Notes
Presentation Notes
The point of this slide is that a lot of equipment can be selected to work with lower hot water temperatures than we are used to using.  This feeds right into the strength of heat pumps.


Hot Water Temperature Impacts

Heating COP

Rule of Thumb
1% penalty per 1°F

105°F

a 25 120°F
O 140°F
(&) “—+375%
gj /A"\-F -
E /’-l
[+4]
x

0.5

( 11 1 2 25 ) 10 ! 0

Ambient Temperature
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Presenter Notes
Presentation Notes
Air to water equipment is much more efficient at producing lower temperature hot water.


Air Cooled Heat Pump Equipment

Medium Building Application: Product Solutions

Four-pipe Air Source Heat Pump with Heat Recovery

SOURCE

Medium Building Application: Product Solutions
Four-pipe Air Source Heat Pump with Heat Recovery

Medium Building Application: Product Solutions
Four-pipe Air Source Heat Pump with Heat Recovery

to cool
load

120°F
to heating
load
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Presenter Notes
Presentation Notes
Let’s look closer at more air cooled heat pump equipment for a medium building application.


Air Cooled Heat Pump Equipment

Medium Building Application

* Single unit can replace chiller and boiler
* Includes back up

2023 State Construction Conference



Presenter Notes
Presentation Notes
So this whole thing can be packaged together as a single unit, put outside, and replace your chiller and boiler.  


System Configurations and Options
Base System

- -- < - - HWR =
TE-11||  BUFFER o P-4 TE13
TANK f
CHW OIST "1]
i ' DIFF PRESS ¢
STE-15]
V4 [TE-12] TE-16 [TE-14
- - r ir - ir - HWS -
- ASHP - 2
TE4) TE-3 =
-
va P 1
M—— H % - —
e v
> ‘:@ ASHP - 1
- —<—
TE-2 |TE1 J_
! -
—. P
- Qi; Vi‘l -
| S - - - - “CHWR =
— es) ffes]
TANK qUES CHW DIST
| H - DIFF PRESS | 4
TS| [ E_,:,m
L - L‘/,P 3 - = CHWS»
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Presenter Notes
Presentation Notes
Let’s look at some possible arrangements for larger systems using heat pumps instead of a boiler and chiller plant arrangement.  Dual feed – 4 pipe distribution.  Note the heat pump bypass valve that comes into play when a unit is switching between heating and cooling.  Each secondary loop can have it’s own flow rate and delta T.


'
[v4)
- AN . 2
[E4 =3
(¥3) ol i
- - -

(SR ] Hw (’:_"5
TAMK ,::E,LE
'
dres
=3 | [E§
- i -r

W—

Air cooled chiller
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BUFFER

TANK

wwv P-4 TE-13)
DIST

Auxiliary heat
+ Conventional
» Condensing
+ Electric
or
* In-space electric

HWS »

“ HWR =




Large Building — Heat Recovery
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Presenter Notes
Presentation Notes
Here we have an existing chilled water and hot water plant and were looking for something to evaluate that would qualify as “not business as usual” – so were gonna look at a heat recovery machine in sidestream.  In this case it’s making chilled water at the production temperature while transferring all the waste heat into the hot water return.  Could save you from running one of the chillers from the plant in wintertime.


sources/sinks r ,1- SiF-BOLICE
Exhaust Air Energy Recovery L Jheat pump
Air-source 171\

building
Direct cooling of exhaust
building
exhaust

building
exhaust

102 Bujjood

building
exhaust

heating
load
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Presenter Notes
Presentation Notes
Here we see more opportunities for heat recovery from exhaust air where we use the constant temperature of the waste air streams to provide a source or sink for our heat pumps which will operate at high efficiency all the time.


How Tesla's Ingenious Heat Pump Gives It An Edge Over
Other Electric Cars

Tesla's effective heat pump helps maximize the car's power in all weather conditions, making it a triumph card against other EVs.

MILICA CIKUSA  PUBLISHED 7 DAYS AGD

2023 State Construction Conference
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LIFE CYCLE COST ANALYSIS S

SCOID:
NC State Construction Office

Prepared By:

DOAS w/Chilled water Cooling and HW Doas similar to Option 1 but includes
heat. heat pipe heat recovery.

The resulting LCCA compared DOAS HVAC systemagainst a DOAS HVAC
system with a Wrap Around system. A $1000 annual maintenance contract
isincluded with the heat pipe. The LCCA shows a payback period of 6.3
years during the 25 year analysis period. The heat pipe option will be
implemented.
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Data

		LIFE CYCLE COST ANALYSIS
NC State Construction Office
												                 Project Name:		Sample Bldg

														                                  SCO ID:  

														                     Prepared By:





				inflation rate		3.8		%						Adjustment Fctr		1.002

				discount rate		3.6		%				 



				OPTION 1 DESCRIPTION										OPTION 2 DESCRIPTION

				DOAS w/Chilled water Cooling and HW heat.										Doas similar to Option 1 but includes heat pipe heat recovery.







				ECONOMIC LIFE 1		25		yrs						ECONOMIC LIFE 2		20		yrs



				Analysis period		25		yrs



				CAPITAL COST		$720,000								CAPITAL COST		$1,404,000

				ENERGY COST		$554,554		/yr						ENERGY COST		$445,000		/yr

				ANNUAL MAINT.				/yr						ANNUAL MAINT.		$1,000		/yr



				Life Cycle Cost		$14,909,825								Life Cycle Cost		$13,049,639



				LCC Rank		2								1



								Payback		6.3				yrs

						(Negative payback means lowest capital cost option has lowest annual costs also)





				Comparison Summary, Results and Implementation:		The resulting LCCA compared DOAS HVAC systemagainst a DOAS HVAC system with a Wrap Around system.   A $1000 annual maintenance contract is included with the heat pipe.  The LCCA shows a payback period of 6.3 years during the 25 year analysis period.  The heat pipe option will be implemented. 
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Option1

		year		capital cost		energy cost		maintenance		cost

		1		$720,000		$554,554		$0		$1,274,554

		2		$0		$555,625		$0		$555,625

		3		$0		$556,697		$0		$556,697

		4		$0		$557,772		$0		$557,772

		5		$0		$558,849		$0		$558,849

		6		$0		$559,928		$0		$559,928

		7		$0		$561,008		$0		$561,008

		8		$0		$562,092		$0		$562,092

		9		$0		$563,177		$0		$563,177

		10		$0		$564,264		$0		$564,264

		11		$0		$565,353		$0		$565,353

		12		$0		$566,445		$0		$566,445

		13		$0		$567,538		$0		$567,538

		14		$0		$568,634		$0		$568,634

		15		$0		$569,731		$0		$569,731

		16		$0		$570,831		$0		$570,831

		17		$0		$571,933		$0		$571,933

		18		$0		$573,037		$0		$573,037

		19		$0		$574,144		$0		$574,144

		20		$0		$575,252		$0		$575,252

		21		$0		$576,363		$0		$576,363

		22		$0		$577,475		$0		$577,475

		23		$0		$578,590		$0		$578,590

		24		$0		$579,707		$0		$579,707

		25		$0		$580,826		$0		$580,826

		0		$0		$0		$0		$0

		0		$0		$0		$0		$0

		0		$0		$0		$0		$0

		0		$0		$0		$0		$0

		0		$0		$0		$0		$0

		0		$0		$0		$0		$0

										$14,909,825





Option2 

		year		capital cost		energy cost		maintenance		cost

		1		$1,404,000		$445,000		$1,000		$1,850,000

		2		$0		$445,859		$1,002		$446,861

		3		$0		$446,720		$1,004		$447,724

		4		$0		$447,582		$1,006		$448,588

		5		$0		$448,446		$1,008		$449,454

		6		$0		$449,312		$1,010		$450,322

		7		$0		$450,179		$1,012		$451,191

		8		$0		$451,048		$1,014		$452,062

		9		$0		$451,919		$1,016		$452,935

		10		$0		$452,792		$1,018		$453,809

		11		$0		$453,666		$1,019		$454,685

		12		$0		$454,542		$1,021		$455,563

		13		$0		$455,419		$1,023		$456,442

		14		$0		$456,298		$1,025		$457,324

		15		$0		$457,179		$1,027		$458,206

		16		$0		$458,062		$1,029		$459,091

		17		$0		$458,946		$1,031		$459,977

		18		$0		$459,832		$1,033		$460,865

		19		$0		$460,720		$1,035		$461,755

		20		$0		$461,609		$1,037		$462,646

		21		$233,474		$462,500		$1,039		$697,014

		22		$0		$463,393		$1,041		$464,434

		23		$0		$464,288		$1,043		$465,331

		24		$0		$465,184		$1,045		$466,229

		25		$0		$466,082		$1,047		$467,129

		0		$0		$0		$0		$0

		0		$0		$0		$0		$0

		0		$0		$0		$0		$0

		0		$0		$0		$0		$0

		0		$0		$0		$0		$0

		0		$0		$0		$0		$0

										$13,049,639
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Results Available for Public Use

SCOID #
120-22343
220-22343
320-22343
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Owner
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NCSU
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NCSU
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AEI
AEI
AEI

AEl

Eng/
Arch.

Int. Sci
Int. Sci
Int. Sci

Int. Sci

Project

. Bldg.
. Bldg.
. Bldg.

. Bldg.

Life Cycle Cost Analysis Summary of Evaluations

Disc.
A/M/E

>

Option 1
(Baseline)

Glazing - Solarban double pane
Roof - R30
Wall - R21

DOAS w/wrap around heat pipe

Option 2
(Evaluated)

Glazing - Solarban triple pane
Roof - R50
Wall R-30

DOAS w/Konvecta High Performance Wrap
System

Sel.
Payback (yrs) (1or2)

120.2 1
528.2 1
158 1
8.2 2



PV & Battery (Microgrid)

e United Therapeutics (RTP)
* Net-Zero cGMP Warehouse
* No OnSite Fossil Fuels

 Ballasted Rooftop Solar
(563 kW)
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PV & Battery (Microgrid)

* Tesla Megapack ilo Diesel
Generators

e Operate in ‘Island Mode’
without Utility Power

* 6.2 mMWh / 1.54 kW Total
Lithium Iron Phosphate (LFP)
Battery

* Assumed Zero PV Contribution

 Assumed 8 Hour Fire Pump
(Code) — 1,000 kWh

e 24 Hour Full Facility — 2,724
kWh

e 48 Hour Cold Storage — 1,586
kWh

2023 State Construction Conference
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Heat Recovery Chillers

* University of Virginia

e Conversion MTHW (230F)
LTHW (170F)

 1800-ton York CYK
e 42F Chilled Water

* 30 MMBH 170F Heating
Hot Water

« 1.62 kW/Ton (COP=2.17)

_ * Reduces utility costs by
e over $S1M per year and

: eliminates 20k metric tons

of CO2 emissions per year

2023 State Construction Conferenc.e

NC+DOA
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UVA Campus Conversion


2023 State C

Retrofits - Going All Electric Heating

STEP 4 Hill & Haynes: ENERGY USAGE O

Energy Consumption vs. Time

@®OPTION 1 MBH TOTAL @ OPTION 2 MBH TOTAL @QPTION 3 MBH TOTAL
3,500

3,000
2,500
2,000

1,500

Total Energy Consumed (MBH)

1,000

500

Mar 2020

0
Jan 2020 May 2020 Jul 2020 Sep 2020 Nov 2020

o, O

Power Bl Time Stamp

Phase
All s
~
Optlon 1 - Like for Like Total NG Demand (mmBTU)
A Option 1 - Total Energy
k 3'641 Consumed (MBH)
T Air Cooled Chillers (kWh) 6,013,013
972,405

. J
4 N

Boiler Usage (kWh)

@ 61,394

Air Cooled Chillers
(kWh)

780,118

Option 2 - HRC'S

5

HRC Usage (kWh)

209,769

Option 2 - Total Energy
Consumed (MBH)

3,584,868

Option 3 - ASHP's  Air Source Heat Pump
(kWh)

18,127

Option 3 - Total (kWh)

780,117

=g

HRC Usage (kWh)

209,770

Option 3 - Total Energy
Consumed (MBH)

3,437,329
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2023 State C

Retrofits - Going All Electric Heating

STEP 5 Hill & Haynes: LCCA TOOL

(Option 1 - First Cost

670000

O

Option 2 - First Cost

1730000

O

Option 3 - First Cost

1150000

O

Electricty Cost ($/kWh)

O

Natural Gas Rate ($/kCFH)

6.80

O

~

D)

RESET - AEI ESTIMATES

©

REMOVE ACC CREDIT

®

! o e First Cost Annual Energy Cost Life Cycle Cost )
LA $670000 $119.499  $6039.013
i Rl “Wre . First Cost Annual Energy Cost Life Cycle Cost )
g $1,730,000 $92513  $5:886,550
'K
Orsums  First Cost Annual Energy Cost Life Cycle Cost
$1,150,000 $88,705 $5,135,483

N\

Electrical Escalation

2%

O

Natural Gas Escalation

2%

O

Discount Rate (Nominal):

5%

O

Comparison Time Frame

20

O

A == | Affiliated

== | Engineers

NC+DOA
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e NC State Plant Science

Building

Enhanced Energy Recovery

* Enhanced Energy

Recovery Loop & Skid

Operating points with weather data (hx diagram)

wmlgrainedt]

155|

L]

120)

Raleigh NC

* gk, ERS On
ok, ERS O
® ext. heabioold excessive
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|

Results energy calculations: without ERS with ERS nr of hours nr of hours
Reduction of heating energy: 97% with external

heat/cold
Reduction of cooling energy: 19%

B B {MMBtu) (MMBtu) ih) i)
heating requirement 13'223.6 269.7 7'968 B54
including reheating after dehumidifying (6'726.5) (16.5) (4'699) (209)
cooling requirement 30'185.8 24'166.3 5'491 5'491




Enhanced Energy Recovery

GUEST EN AN

konvekta
ENERGY RECOVERY - NC STATE UNIVERSITY PLANT SCIENCE BUILDING

OVERVIEW STATE SCHEMATIC VIEW TRENDS EVENTS ENERGY ALARMS ?

042012022 14:21:29 |

WA up requested
@wam up completed 24935 c'm

57.7 °F 57.6 °F 53.4 F ﬂssuF . 56.7 °F JIRR
51.7 °F set 55.0 °F set
g
:

583 F & 622°F

82261 cfm
L e
100 % set 100 % set
89 % b 98 % fb
SWaAIT up requested
#wWarm up completed

@reheat requested

Y Hin
¥ theo max
26071 clm

52.7 *F 56.7 *F

ng demand

. i very
55.0 *F set ry theo min
v 1 ry theo max
areheat requested
536 *F 649 °F B:% r .

100 % set
98 % fo

100 % set
99 % 1b
WA Up requested

wwarm up compieted 21598 ctm

40071 cm
525 54.9°F 554 F )
546 F set FEEo= s PHu-2a

55.0 °F set
| ereheat requested

100 % set
100 % fb

Swam up requested

Swarm up completed 20439 cim

55.0 °F

—.  AHU 2B
55.0 °F set

sreheat requested

@maintenance pump 1
SpuUMp 1 running

D % set
38.6 psi

*pump limited

PWarning system pressure low
i “alarm system pressure low

@pump 2 running
@maintenance pump 2

54 0 *F
645 F theo
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Ground-Souce Heat Pumps_.

 City of Durham Mist Lake
Facility (171k gsf)

* 500-ton ground-source heat
pump

* 500 ft. deep bores, 180 bores
total.

* S50k annual cost savings over
50 years

2023 State Construction Conference
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De-Coupled HVAC Systems

=R = D%A e 7~

20-30% energy savings compared to all-air VAV
reheat systems
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Active Chilled Beams

-W"‘ =y

rf’ -ll.
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Passive Chilled Beams
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Radiant Ceiling Panels
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Radiant Floors
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ECU Student Union


Passive Strategies

* Ryerson Education Facility
(16k gsf, Lake County, IL)

* PHIUS Zero 2021

 Super insulated and ultra-
airtight building envelope

e Downsized mechanical

equipment

* R-90 Roof

* R-60 Walls o1 .

* Glazing Assembly U-value: 44" % W Wi, el G
0.138

2023 State Construction Conference
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Equipment Bidding - G.S. 143-64.12

* “The Department of Administration shall develop and implement policies,
procedures, and standards to ensure that state purchasing practices improve
energy efficiency and take the cost of the product over the economic life of the
product into consideration”. (Life Cycle Bidding is not specifically required)

2023 State Construction Conference
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Presentation Notes
It’s been practice to include life cycle cost bidding of large chillers, cooling towers and boilers.  Though not really grounded in legislation, this will continue as there’s really no reason to change it other than an attempt to make some small improvements.


Chiller LCC Bidding

BID DATA FORM - ATTACH TO FORM OF PROPOSAL

CHILLERS 200 TONS & LARGER

PROJECT OWNER:
PROJECT TITLE:
SCO 1D #:

Flectricity Cost $/kwh
Life Cycle (yrs)
Designer Data

Chiller Utilization Profile

Hours Entering ° Leaving ' Qutdoor Air

Load Load per Cond. Water Cond. Water Dry Bulb 2

2% {tons} Year ideg F) (cdeg F} {deg F)
100 88 85 95 95

75 3679 75 85 80

50 3942 65 79 65

25 1051 65 79 55

Mote 1: Leave blank for air cooled chillers.

Mote 2: Dry bulb temperature for air cooled chillers.

Vendor Data

Base Bid Chiller Performance

Alternate number Alt # M - 1A Alt # M -1B Alt # M - 1C Alt # M - 1D
Manufacturer Name Manuf. 1 Manuf. 2 Manuf. 3 Manuf. 4
Model Mumber

Input KW @ 100 % Load
Input KW @ 75 % Load
Input KW @ 50 % Load

. Input KW @ 25 % Load
Can Bid a second Bid Price 5)
chiller type

Calculation

[1st vear energy (5) T 50 1 S0 [ 50 T
[Life Cycle Cost | $0 $0

; 50 |
$0 $0 |

Vendor Data

Higher Eff. Preferred Alternate Chiller Performance

Alternate number Alt # M - 24 Alt # M - 2B Alt# M - 2C Alt # M - 2D

Manufacturer Name Manuf. 1 Manuf, 2 Manuf. 3 Manuf, 4
Style

Model Mumber

Input KW @ 100 % Load
Input KW @ 75 % Load
Input KWW @ 50 % Load
Input KW @ 25 % Load
Bid Price (S)

Calculation

[1st yvear energy (5) | 50 i 30 r 30 [
|Life Cycle Cost I 30 i 0

50 ]
30 50

%
v

2023 State Construction Conference
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Presentation Notes
The winning bidder can be selected from the lowest base bid life cycle cost or the lowest alternate bid life cycle cost.


Pump Energy is
now Taken into
Account.

2023 State Construction Conference

PROJECT OWNER:
PROJECT TITLE:
SCOID #:

Electricity Cost $/kwh
Life Cycle (yrs)
Range EWT-LWT (F)
Designer Data

BID DATA FORM - ATTACH TO FORM OF PROPOSAL

COOLING TOWERS 200 TONS & LARGER

Cooling Tower LCC Bidding

Cooling Tower Utilization Profile

Hours Leaving QOutdoor Air
Load Load Flow Per Water Wet Bulb

% (tons) {GPM) Year' {deg F)’ {deg F)’

100 38 85 78

75 3678 75 66

50 3942 65 54

25 1051 65 46
Vendor Data

Cooling Tower Performance

Alternate number Alt # M - 3A Alt#M - 3B Alt # M - 3C Alt # M - 3D
Manufacturer Name Manuf. 1 Manuf. 2 Manuf. 3 Manuf. 4
Dimensions LxWxH
Model Number
Input KW @ 100 % Load
Input KW @ 75 % Load
Input KW @ 50 % Load
Input KW @ 25 % Load
Vertical Tower Lift (ft)
Spray Nozzle Pres. (ft)°
First Cost (5)
Calculation
Tower Energy Cost () 50 50 50 50
Tower Pumping Cost (5) 50 50 50 50
Total Life Cycle Cost ($) 50 50 50 50

1. Default data may be edited by engineer if project specific data available.
2. Spray nozzle pressure applicable to counterflow towers only.

Default
Data is
Provided

NC+DOA



State of North Carolina

LIFE CYCLE OS]
MANUAL

https://ncadmin.nc.gov/business
es/state-construction/forms-and-
documents#design-review

State of NC
3/2/2022
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Presentation Notes
The new LCC manual.  There’s not a lot to it.  It’s just a few pages.  It’s more of a crowdsourced effort.  It’s up to you to compete with your peers, to build upon what’s been demonstrated and contribute to the body of knowledge, 


*

Department of Administration
State Construction Office

THE END

Questions?

tom.galdi@doa.nc.gov
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