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Life Cycle Cost Analysis Update

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.
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Recent NC Energy Directives

Executive Order 80
Increase Use of Clean Energy Technologies and Energy 

Efficient Measures

House Bill 951
Utilities to Take Reasonable Steps to Achieve Carbon 

Neutrality by 2050

2022 State Construction Conference
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National and International Targets

Paris Agreement and Executive 
Orders

• Power Sector 100% Carbon Free by 
2035

• Net Zero Economy by 2050.

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

• Efficiency

• Lower GWP Refrigerants

• 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.  
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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.  
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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’.

SCO Conference 2018
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• “Since the passage of this legislation, the 
design of new state facilities in North Carolina 
has not undergone any significant 
improvement in quality as a result of life cycle 
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.”

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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2nd Law of Thermodynamics

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.
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LCCA –
Why 
Update

Due – 22 + years

SIR Results not Intuitive

Repetitive Analysis and Results

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.
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Existing LCC Data Sheets
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STATE CONSTRUCTION OFFICE

N.C. DEPT. OF ADMINISTRATION
FOR STATE FACILITIES RALEIGH, NORTH CAROLINA

LIFE CYCLE COST ANALYSIS
STATE CONSTRUCTION OFFICE

N.C. DEPT. OF ADMINISTRATION

FOR STATE FACILITIES RALEIGH, NORTH CAROLINA

YEAR  CAPITAL $ ENERGY $ MAINTENANCE $ REPAIR/REPLACE $ TOTAL COST

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

2 $0 $20,600 $7,210 $0 $27,810

3 $0 $21,218 $7,426 $0 $28,644

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

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

6 $0 $23,185 $8,115 $0 $31,300

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

8 $0 $24,597 $8,609 $0 $33,207

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

10 $0 $26,095 $9,133 $0 $35,229

11 $0 $26,878 $9,407 $0 $36,286

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

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

14 $0 $29,371 $10,280 $0 $39,650

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

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

17 $0 $32,094 $11,233 $0 $43,327

18 $0 $33,057 $11,570 $0 $44,627

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

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

21 $0 $36,122 $12,643 $0 $48,765

22 $0 $37,206 $13,022 $0 $50,228

23 $0 $38,322 $13,413 $0 $51,735

24 $0 $39,472 $13,815 $0 $53,287

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

26 $0 $41,876 $14,656 $0 $56,532

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

28 $0 $44,426 $15,549 $0 $59,975

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

30 $0 $47,131 $16,496 $0 $63,627

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

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

33 $0 $51,502 $18,026 $0 $69,527

34 $0 $53,047 $18,566 $0 $71,613

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

TOT. $200,000 $1,209,242 $423,235 $0

TOTAL LIFE CYCLE COST FOR ALTERNATIVE NO.0 $1,832,476

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.
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READING SIR SUMMARY SHEETS

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.  
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Takeaways 
from 
Review of 
LCCA 
Reports

Repetition in 
Analysis

Lowest LCC 
not always 

selected

Energy 
Conservation 
not the focus

Trends 
Established
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Common Results
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Moving 
Forward

USER FRIENDLY 
INTUITIVE PROCESS

EASY TO COLLECT 
AND COMPILE 

ONGOING RESULTS.

MAKE RESULTS 
PUBLIC TO BE BUILT 

UPON.

FOCUS MORE ON 
ENERGY CONSUMING 

SYSTEMS.

JOIN PUSH TOWARD 
SUSTAINABILITY.
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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’).

Presenter Notes
Presentation Notes
I think it’s importance to have some guidance here while also valuing quality over quantity.
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Business as Usual

VAV Boxes 
w/Reheat 

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.
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Not Business 
as Usual?

• “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…
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Photovoltaic

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

Heavy Timber Construction 
• Renewable and Recyclable

Metal Roofing
• Recyclable

• 30-50 year life
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Life Cycle Costing toward 
Sustainability

DHHS Campus – Salvaged concrete 
from demolished parking lots used 
as sub-base.

2022 State Construction Conference
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HVRF (Hybrid VRF)

Coming in 2023

Less chance of 
installation problems

Avoids some 
upcoming 
restrictions on 
refrigerant in egress 
corridors and 
refrigerant 
monitoring 
requirements.
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Water Source Equipment

Heat Recovery Chiller Heater

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.
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Water Source Equipment

2022 State Construction Conference

Same machine as 
HR chiller and 
Heater.  No 
reversing valve.  
Internal controls 
determine mode.

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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Air Source Heat 
Pumps

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.
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DOE Cold Climate Heat Pump Challenge

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.
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2024 NCECC - - - Includes 
Air to Water Heat Pumps

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.
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More “Not Business As Usual” Equipment

Presenter Notes
Presentation Notes
Some general equipment that we probably need to start seeing more of in LCC submittals.
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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.



2023 State Construction Conference

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.
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Presenter Notes
Presentation Notes
Air to water equipment is much more efficient at producing lower temperature hot water.
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Air Cooled Heat Pump Equipment

Presenter Notes
Presentation Notes
Let’s look closer at more air cooled heat pump equipment for a medium building application.
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Air Cooled Heat Pump Equipment

2022 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.  
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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.
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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.
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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.
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                 Project Name:

                                  SCO ID:  

                     Prepared By:

inflation rate 3.8 % Adjustment Fctr 1.002
discount rate 3.6 %  

OPTION 1 DESCRIPTION OPTION 2 DESCRIPTION

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

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. 

DOAS w/Chilled water Cooling and HW 
heat.

Doas similar to Option 1 but includes 
heat pipe heat recovery.

LIFE CYCLE COST ANALYSIS
NC State Construction Office

Sample Bldg

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

Professional Seal


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. 

































		Professional Seal





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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Heat Pipes
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Results Available for Public Use

Life Cycle Cost Analysis Summary of Evaluations

SCO ID # Owner
Eng/
Arch. Project

Disc.
A/M/E

Option 1      
(Baseline)

Option 2
(Evaluated) Payback (yrs)

Sel. 
(1 or 2)

1 20-22343 NCSU AEI Int. Sci. Bldg. A Glazing - Solarban double pane Glazing - Solarban triple pane 120.2 1
2 20-22343 NCSU AEI Int. Sci. Bldg. A Roof - R30 Roof - R50 528.2 1
3 20-22343 NCSU AEI Int. Sci. Bldg. A Wall - R21 Wall R-30 158 1

4 20-22343 NCSU AEI Int. Sci. Bldg. M DOAS w/wrap around heat pipe
DOAS w/Konvecta High Performance Wrap 
System 8.2 2

5
6
7
8
9

10
11
12
13
14
15
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PV & Battery (Microgrid)
• United Therapeutics (RTP)
• Net-Zero cGMP Warehouse
• No OnSite Fossil Fuels
• Ballasted Rooftop Solar  

(563 kW)

AEI / Affiliated Engineers, Inc. 45
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PV & Battery (Microgrid)
• Tesla Megapack ilo Diesel 

Generators
• Operate in ‘Island Mode’ 

without Utility Power
• 6.2 mWh / 1.54 kW Total 

Lithium Iron Phosphate (LFP) 
Battery

• Assumed Zero PV Contribution
• Assumed 8 Hour Fire Pump 

(Code) – 1,000 kWh
• 24 Hour Full Facility – 2,724 

kWh
• 48 Hour Cold Storage – 1,586 

kWh 

AEI / Affiliated Engineers, Inc. 46
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Heat Recovery Chillers
• University of Virginia
• Conversion MTHW (230F) 

LTHW (170F)
• 1800-ton York CYK
• 42F Chilled Water
• 30 MMBH 170F Heating 

Hot Water
• 1.62 kW/Ton (COP=2.17)
• Reduces utility costs by 

over $1M per year and 
eliminates 20k metric tons 
of CO2 emissions per year

AEI / Affiliated Engineers, Inc.

Presenter Notes
Presentation Notes
UVA Campus Conversion
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Retrofits – Going All Electric Heating

AEI / Affiliated Engineers, Inc.

Presenter Notes
Presentation Notes
RTI International (RTP)
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Retrofits – Going All Electric Heating

AEI / Affiliated Engineers, Inc.

Presenter Notes
Presentation Notes
RTI International
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Enhanced Energy Recovery
• NC State Plant Science 

Building
• Enhanced Energy 

Recovery Loop & Skid

AEI / Affiliated Engineers, Inc.
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Enhanced Energy Recovery

AEI / Affiliated Engineers, Inc.
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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.
• $50k annual cost savings over 

50 years

AEI / Affiliated Engineers, Inc.
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De-Coupled HVAC Systems

AEI / Affiliated Engineers, Inc.

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

AEI / Affiliated Engineers, Inc.
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Passive Chilled Beams

AEI / Affiliated Engineers, Inc.
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Radiant Ceiling Panels

AEI / Affiliated Engineers, Inc.

Presenter Notes
Presentation Notes
NC State Hunt Library
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Radiant Floors

AEI / Affiliated Engineers, Inc.

Presenter Notes
Presentation Notes
ECU Student Union
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• Ryerson Education Facility 
(16k gsf, Lake County, IL)

• PHIUS Zero 2021
• Super insulated and ultra-

airtight building envelope
• Downsized mechanical 

equipment
• R-90 Roof
• R-60 Walls
• Glazing Assembly U-value: 

0.138

Passive Strategies

AEI / Affiliated Engineers, Inc.

Presenter Notes
Presentation Notes
Project out of Chicago Office
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Equipment Bidding – G.S. 143-64.12

2022 State Construction Conference

• “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)

Presenter Notes
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.
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Chiller LCC Bidding

Can Bid a second 
chiller type

Presenter Notes
Presentation Notes
The winning bidder can be selected from the lowest base bid life cycle cost or the lowest alternate bid life cycle cost.
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Cooling Tower LCC Bidding

Pump Energy is 
now Taken into 
Account.

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

Presenter Notes
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, 
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The End
Questions?

tom.galdi@doa.nc.gov
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