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What we will do today

* The building

e Options studied

* Energy analysis — embodied and operational
* Construction costs

* Life cycle cost analysis

* Selected systems

* Design phase commissioning

* Lessons learned



Learning objectives

Compare heating COP of
* ground source open loop
e ground source closed loop
* air-to-water heat pumps

* Understand a simplified method to estimate closed loop ground
source heat pump heating system over the course of a winter

* Understand the role of peak electrical demand in an all-electric
building on system design and on operating cost

* Understand the multiple roles that radiant heat can play in a road
maintenance garage



North elevation
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Ex. See XX/ADXX

R-50 PI roof

R-35 -- 4” rigid foil faced Pl continuous
+5.5” wood fiber batts
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Options studied

Building enclosure
* Code metal
* high efficiency wood enclosure

H




Options studied

Mechanical systems
* Propane boiler

* Wood pellet boiler
* Air to water heat pump /
(A2WHP)

* Ground source heat pump
(GSHP) .

OUTSIDE

Tikad
INSIDE '_%'&ﬁm,; =

or zoning



All options with radiant floor
. . Better melting/warming of trucks
Options studied ing/warming of tru

e Heats incoming fresh air
e Large thermal flywheel

Baseline wood pellets

Baseline, Propane

High Performance, Wood pellets

High Performance, Propane

High Performance, Air to Water Heat Pump

- Also looked at
High Performance, Ground Source Heat Pump demand control for

High Performance, Air to Water Heat Pump with PV heat pump systems

High Performance, Ground Source Heat Pump with PV

Baseline = metal building; High Performance = efficient wood building



Demand controlled ventilation
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Peak electrical demand reduction — the dirty secret of

electrification!
 Control EV
chargers!

e Control heat

pumps (?)
e 25,000 gallons of
fire protection

tanks for thermal

30F drop in tank temperature = 24 hrs of heat at -20F outside

storage



Analysis

* Embodied emissions
* Operational energy

* operational emissions
* construction costs

e operating expense

* 30 yr life cycle cost analysis



EM Town Garage

Assumptions for Energy Modeling

240624

Envelope

Building Metal Building, per 2024 CBECS code Efficient Wood Building

Windows R-3.5 R-3.5

Skylights none w/ 0.5 wsf lights none w/ 0.5 wsf lights
Doors R-2.7 R-2.7

Full VB interior of walls, full VB on roof top, wall VB

Air/V Barri I VBisi kin of metal buildi I
ir/Vapor Barrier nner VB is inner skin of metal building panels fully connected to roof VB
Insulation Roof R-42, 6" foam insulated steel panels R-60 / U=.0167
Insulation Walls R-25, 4" foam insulated steel panels R-30

Stem Wall R-10 continuous rigid exterior R-20 continuous rigid exterior insulation
Slab under f-0.434 by code, but modeled at 0.71 for 2" under 48" 4" EPS under whole slab, R-18; f-0.2
Slab edge none 4" exterior of stem wall, up 4 ft and down 4'

Overhead doors

R-6 -- no requirement

R-18

Air Leakage rate

0.25 cfm75/sf. Shell 6 sides, equivalent to 0.19
cfm50/sq.ft. shell 6 sides

0.06 cfm50/sq.ft. shell 6 sides

Envelope
Commissioning

yes

yes




EM Town Garage

Metal Building, per 2024 CBECS code

Efficient Wood Building

Ventilation

Two exhaust fans, controlled on CO, NO2, RH and

Two exhaust fans, controlled on CO, NO2, RH and

Domestic Hot

Tank off boiler, full recirc

HPWH, EF =3.0, controlled circulation

Controls programmable thermostat programmable thermostat
§ . Propane or wood pellet boiler boiler, eff = 0.80, AFUE A2WHP COP 2.3;.or GSHP COP 4.0; or propane or
= Heating - 0.82 wood pellet boiler Eff=0.80 (HP COPs modeled
dynamically)
Cooling office only, ASHP office only, ASHP
Lighting LED LED
Plug Loads Low Low




E m b O d | e d EM Garage Embodied Energy Cradle to Gate -- kg, CO2e

emissions ]

P 50% cement

200,000 "
24 tons of steel in steel prefab [
bUI'dIng 150,000

substitutes!

§-dli= BUILDERS FOR .

c L‘M ATE oon Code Metal Building B
ACTION '

100,000 Wood fiber
insulation
BEAM Estimator Software 50,000 il -
carbon storing

m Concrete m Steel = Exterior Walls = Cladding
B Windows ¥ Interior Walls = Floors B Ceilings



E m b O d | e d EM Garage Embodied Energy Cradle to Gate -- kg, CO2e

emissions ]

P 50% cement
200,000
24 tons of steel in steel prefab
building 150,000

substitutes!

§-dli= BUILDERS FOR .

b e
CL‘MATE Code Metal Building Efficient Wood di

100,000 Wood fiber
insulation
BEAM Estimator Software 50,000 il -
carbon storing

ACTION o

One year
m Concrete m Steel m Exterior Walls = Cladding operating
® Windows H Interior Walls = Floors H Ceilings emissions




Operating Energy and Cost Analysis Process

1. Takeoffs from building design

2. Inputsinto Energy 10 to generate hourly loads (hourly simulation
model)

3. Run model to output hourly loads for heat, hot water, lights, and other
(no cooling in garage) and hourly outside temperature

4. Develop efficiency curve/equation for air to water heat pump (A2WHP)
and for ground source heat pump (GSHP)

5. Apply heating efficiency equation to each hour’s heating load

Wait — there’s more!



Operating Energy and Cost Analysis Process

1. Takeoffs from building design

2. Inputsinto Energy 10 to generate hourly loads (hourly simulation
model)

3. Run model to output hourly loads for heat, hot water, lights, and other

(no cooling in garage) and hourly outside temperature

Develop efficiency curve/equation for air to water heat pump (A2WHP)

and for ground source heat pump (GSHP)

Apply heating efficiency equation to each hour’s heating load

Tally annual energy use by end use

Tally peak demand by month for whole building

For boilers, much simpler: apply efficiency of equipment (85%) to

annual heating and hot water usage

9. Apply utility rate structure to monthly energy and peak demands

10.Apply emissions per unit energy to annual energy use

e

0 N O WU



Hourly energy/load model output (8760 hours)

Heating “load” is how

much energy is Outside Heating
required to keep temp,F  Hourof Bldg DHW  Lighting Plug Load
building warm dry bulb the Year kWh kWh kWh kWh kWh
Heating “energy” is High performance at COP=2

Total kWh 168,914 5,116 3,154 5,620 149,898

how much electricity

or fuel s required to Max Max>> 68 1.0 0.6 1.0 64
supply that energy 34 1 32.8 0.29 0.09 0.38 32
, 33 2 30.3 0.29 0.09 0.38 29

For a heating load of 35 3 29.3 0.29 0.09 0.38 28
600 MMBtu/yr, with a 34 4 28.9 0.29 0.09 0.38 28
heat pump with COP 29 5 312 029  0.09 0.38 30
of 3, the enerqgy 27 6 33.5 0.29 0.09 0.38 32
required would be 26 7 34.7 0.29 0.08 0.38 34
200 MMBtu/yr of 26 8 35.1 0.29 0.08 0.48 34
electricity. With a 25 9 34.8 0.38 0.08 0.48 33
boiler with 80% 25 10 33.4 0.38 0.08 0.48 32
efficiency, the energy 25 1 33.3 0.38 0.08 0.48 32
required would be 750 27 12 31.5 0.38 0.08 0.48 30
MMBtu/year of 26 13 30.4 0.38 0.08 0.48 29
25 14 31.6 0.38 0.08 0.48 30

propane



Efficiency curves/equations
Ground Source Heat Pump Looking at this, why is an

open loop system more
efficient than closed
loop?

GSHP Heat Pump ONLY COP vs Entering source
temp - at 60 gpm source and 20 gpm load

6 y = 0.0507x + 2.4683
5 R? = 0.9992 o
i'-l /"
o 3
(]
2
1
0
20 25 30 35 40 45 50 55

Entering Source Temp - F
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060 - Performance Data cont.

Heating Capacity

Source Load Flaw-2 GPH Load Fiow-13.5 GPM Load Flow-18 GPM
EST | Flow | ELT | LLT MC | Power| HE | ... | LST | LL¥ HC |Power| HE | .., | LST | LT HC | Power HE cap | LT
F | geM | °F *F | MBTUH | kw | MBTUH F F | MBTUH| kW |MBTUH 4 “F | MBTUH | &wW | MBTUH °F
T T T D T
25 = -
clx] T 48F | 293 | B3 |4BF )| 206 | 674 | 36 | 285 | 388 |408 | 206 | 656 [ 489 | 279 384 514 | 205
& 80 | 908 | 473 303 | 338 | 353 | 2 | @73 | 476 385 | 344 |-EEE | 27 | 855 | 478 376 350 | 372 ) A0
06 (| mo6 | 463 | 493 | 205 | 275 | 76 |07 | 465 | B3 | 300 | 2E2 | 216 | 1054 | 468 | 474 305 | 2890 N5
B3 | 1304 [ 453 | 5053 257 | 224 | 721 |1268 | 455 582 | 256 (=239 227 | 1252 457 571 262 | 235 ) 220
G0 | TS 501 204 40) | 490 | 208 | 687 | 505 | 287 | 407 [ s | 207 | 654 | so00 | 270 #lA4 535 | J0.5
& B0 | O3 | 403 | 395 | 359 (366 | 28 | BES | 497 | 3B6 | 365 | 377 | 26 | BE7 | 500 377 37 383 ] N5
oo [ mr | 486 | 495 37 | 287 | 227 Jwe4d| 488 | 485 | 323 [ 205 | 226 056 490 | 4m Ixs | 303 | 225
20 (@m0 | 4arB | 596 | 75 235 | 237 |22 | 480 | 584 | 280 | 241 236 | 1255 | a4l 572 ZB6 | 246 | 235
a1 | 712 521 30 420 | 517 | 239 | €60 | 518 287 | 430 [s529) 229 | 659 | 516 28 420 | 541 | 228
sg | me |82 [ 917 ]| so9 4.0 374 | 277 | 257 | BB7 | SO& | Zae | 376 | 386 | 236 | 958 | 507 I8 378 395 | 235
0o | Ta | ao7 5.0 326 | 294 | 344 |WaG] 498 | 484 | 337 [ 307 | 243 w5y | 408 47 337 3.08 | 243
29 | 130 | 486 &0 2682 | 339 | 257 | 1284 | Al feebediuiied e et PR LY 5.7 20.5 251 | 50
60 | 724 541 297 | 440 : 252 | 532 | 288 | 433 | 541 | 250 | 660 | ep e 7T | 548} 251
B0 | 92.0 | Ea5 O [ 38a| 255 |ago | 520 | 386 | 388 | 305 | 356 | 850 | 54 376 IEE : 5.5
® Gae | mz 3 96 | 340 | 3or ] 260 oY) S08 | 484 | 340 | 307 | 28] | 1058 ( 506 | 472 I45 314 .g?m“\
120 | J#€] 493 | 595 | 200 | 243 | 267 | 1eas | 4oe | 582 | 297 | 250 | 266 | 1257 | 498 | 569 304 | 256§ 265
759"' 7E1 | GGG 3.0 567 | 6341 372 | M4 | 662 | 290 | 562 [662| 37 | 676 [ 663 28 567 | 6.00§ 370
a0 | GdE | B39 4.0 G2 | 466 | 36 | o | 8dl 38% | 08 (483 | 304 | 74 [ 643 Ig Gid | 490 282
oG [ 141 | &7 5.0 447 | 363 ] 308 | o6 | G20 | 486 | 454 [ 374 | 306 | wm [ 623 47 a6l | 3.86 § 394
20 | 1337 | So4 ] 303 | 203 ) 40 JE03 | G000 | a3 400 | 202 | 408 | 60 | &03 5.7 40.9 in | 406
G0 | 758 | eog 3 g4 | 661 | 400 | N8 | B85 223 | sa5 [e&8a| a0n | &7E | &82 28 585 | 709 | 400
{ ) o | o523 | &80 44 525 | 4@ | o | a4 | E6d 300 | 2@ [ao6| 210 | 876 | 66D g 53.7 513 | 4o
- \3 " [Coe [ wee | sa7 5.0 466 | 372 | 424 | mo | &34 BT | a7 | 284 | 420 | 1073 | &40 4.7 478 | 394 | 49
1o | 1340 | &Y ] 408 | 258 | 431 JiEos| &1 Lot 456 | Zog | 420 | B | GG 5.7 434 ZlE | ars
G0 | TE.4 716 £l g1t jeraazo ) 7aa ) 7o | 2os | so? | 700 | 430 | see [ Foa s 804 | T4 | 435
o | a5y [ Gae 4.1 a7 | 488 ) 437 | o7 | e8d | 3e2 | S48 [ oo | az7 | BTe | &Ra g Ba0 | 525§ 457
® C™IED | 855 51 484 | 278 | 425 | M3 | 656 | 488 | 488 | 3oz | 444 | 1075 | BEE 47 494 [ 206 ] 442
120 15?.'!-..‘5;_3 ¥ &0 420 | 308 | 452 Jizoa | 680 | Bay | 430 | Ei6 | 487 | @05 | 614 5.7 440 [ 528 | ko
G0 | TBa :ﬁ'.ﬂ"-q..ilg Ny | 7e9 ] 857 | M .3 298 Me | eod | 536 | 6s4 | a1 283 O | 846 ] Lo —
HO 8.0 A8.4 & L}E:-‘ 3 By s a3.5 Fe.9 593 a5l =68 ] H28.0 =i 38 [ 'ﬁ 5S4
- 100 nra A48 51 tra 4 B2 =2 5 4.Br SHE 4 .52 Sh.E . ﬂ- Lag 4.6 | 564
prit 1564 1.4 5,95 11 BT I SEd | 1525 £ wik] 541 253 S 1263 [ 5.684 RN ara 4 558




Selected system:
Ground Source Heat Pump System

Open loop, “pump and dump”




Efficiency curves/equations
Ground Source Heat Pump

GSHP Heat Pump ONLY COP vs Entering source
temp - at 60 gpm source and 20 gpm load

6 y = 0.0507x + 2.4683
5 RZ = 0.9992 e
i '_/-O-—
o 3
)
2
1
0
20 25 30 35 40 45 50 55

Entering Source Temp - F

Looking at this,
why is an open
loop system more
efficient than
closed loop?



Efficiency curves/equations
Ground Source Heat Pump

GSHP Heat Pump ONLY COP vs Entering source
temp - at 60 gpm source and 20 gpm load

6 y = 0.0507x + 2.4683
5 Rz = 0.99927‘
[ =i
a.
o 3
(]
2
1
0
20 25 30 35 40 45 50 55

Entering Source Temp - F

Earth temperature, F

wu
o

»
[0

P
[=]

35

w
o

N
v

20

Borehole temp, assumed, F

hhhhhhhhhhh

Hour of the year

Looking at this, why is an
open loop system (more

efficient than closed loop
borehole)?



Efficiency curves/equations
Air-to-Water Heat Pump

Spacepak ILAHP A2W HP -
COP vs Outside Air Temp -- at full speed, 115 LLT

3.5

3

& . aa y = 0.0208x + 2.2793
O 1.5 RZ = 0.9903
1
0.5
0
.40 20 0 20 40 60

QUtside Air Temp, F



Apply heating efficiency equation to each hour’s heating load
And graph total building energy usage by hour

EM-Garage -- A2WHP and GSHP kW, including pumping
Total Building

T
= “ oer f:ai ~A2WHP  GSHP

. 20.0 | ' about 20 kW \
15.0 mb ’ N\ | ‘ r Wﬂ W
10.0 M ﬂm‘,l“ | | .'wl | f' , W |. Nlm \Ifl\
:: ‘V fl (”WWMJ W MMM it il MM st HM m M M MMM}WW %U

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm
N O WM~ mM o0 s ;O |.n-|uaHhNmmw#mmcmﬂmwthmm#mmcmﬂmﬂr\mwmm#cmomﬁhs



Energy and peak demand by month for whole building

Month A2W HP GSHP A2W HP | GSHP

Building kWh/month kW peak/month
1 13,000 8,000 35 19
2 13,000 8,000 35 19
3 10,000 7,000 35 19
4 5,000 4,000 17 11
5 2,000 2,000 11 8
6 2,000 2,000 9 7
7 1,000 1,000 6 4
8 1,000 1,000 8 6
9 2,000 2,000 13 9
10§ 4,000 3,000 14 10
11 8,000 6,000 21 13
12 11,000 8,000 32 17

72,000 52,000




Operational

energy
15t year

1,200
1,000
800

600

MMBtu/yr

400

200

Option Energy Use [4]
H Name [2] Electricity | Propane
kWh/year | Gal/year
1|{Prefab Metal, Propane Boiler 12,000 10,000
2|Wood Frame, Propane Boiler 11,000 7,000
3|Wood Frame, Air-to-Water Heat Pump 71,000 -
4|Wood Frame, Ground Source Heat Pump 54,000 -

EM Garage -- MMBtu/year Site Energy

Prefab Metal,

Propane Boiler

Wood Frame,

Propane Boiler

Wood Frame,
Air-to-Water
Heat Pump

Wood Frame,

Ground Source

Heat Pump




Operational energy -- Uncertainty in Modeling

EV chargers (not included in
building analysis)

Future equipment chargers
Open 10X14 overhead doors
Cold, iced trucks

Infiltration rate over time



Energy cost by month for whole builc

Month

O 00 N O U1 B W N

[
N = O

INg

No Demand Limit, no
resistance heating

Demand limited, no
resistance heating, at

A2W HP GSHP A2W HP | GSHP A2W HP GSHP A2W HP GSHP
Building kWh/month kW peak/month Cost/month Cost/month
13,000 8,000 35 19]S 2,600 S 1,500 | S 2,600 S 1,500
13,000 8,000 35 191 S 2,600 S 1,500 | S 2,600 S 1,500
10,000 7,000 35 19]S 2,200 S 1,400 | S 2,200 S 1,400
5,000 4,000 17 111] S 1,500 S 1,000 | S 1,100 S 800
2,000 2,000 11 8|S 1,100 S 700 | S 700 S 500
2,000 2,000 9 718 1,100 S 700 | S 700 S 500
1,000 1,000 6 4158 900 S 600 | S 500 S 400
1,000 1,000 8 6|S 900 S 600 | S 500 S 400
2,000 2,000 13 9|$ 1,100 S 700 | S 700 S 500
4,000 3,000 14 10] S 1,300 S 800 | S 1,000 S 700
8,000 6,000 21 13| S 1,900 S 1,300 | S 1,600 S 1,100
11,000 8,000 32 171 S 2,300 S 1,500 | S 2,300 S 1,500
72,000 52,000 S 19,500 $12,300| $16,500 $10,800




Month

Energy cost by month for whole building

O 00 NN O U1 B W IN =

10
11
12

No Demand Limit, no Demand limited, no
resistance heating resistance heating, at
A2W HP GSHP A2W HP | GSHP A2W HP GSHP A2W HP GSHP A2W HP GSHP
Building kWh/month kW peak/month Cost/month Cost/month Demand charges only
13,000 8,000 35 191]S 2,600 S 1,500 | $ 2,600 S 1,500 | $ 731 S 391
13,000 8,000 35 191]5S 2,600 S 1,500 | $ 2,600 S 1,500 | $ 739 S 391
10,000 7,000 35 191 S 2,200 S 1,400 | S 2,200 S 1,400 | S 738 S 391
5,000 4,000 17 111 S 1,500 S 1,000 | S 1,100 S 800| S 370 S 235
2,000 2,000 11 8|S 1,100 $ 700 | S 700 S 500 | S 370 S 196
2,000 2,000 9 718 1,100 $ 700 | S 700 S 500 | S 370 S 196
1,000 1,000 6 415 900 S 600 | S 500 $ 400 | S 370 S 196
1,000 1,000 8 6|5S 900 S 600 | S 500 $ 400 | S 370 S 196
2,000 2,000 13 9| s 1,100 $ 700 | S 700 S 500 | $ 370 S 196
4,000 3,000 14 101]S 1,300 $ 800 | S 1,000 $ 700 | S 370 S 209
8,000 6,000 21 13 S 1,900 S 1,300 | S 1,600 S 1,100 | S 443 S 271
11,000 8,000 32 171 S 2,300 &~ T,50684 S 2,300 S 1,500 | S 682 S 362
72,000 52,000 S 19,500( $12,300 ) 16,500 $10,800 | $ 5,900 $ 3,200
\/

Match complexity of systems to owner’s ability to manage it!




Gory details of WEC electricity rates

WEC Large Power Rate
S 21.00 Demand Charge per kW/month Note that demand charges
S 0.14 PerkWh are ratcheted at 50%
S 35.87 monthly charge
WEC Small Commercial Rate
S 0.23 PerkWh
S 29.89 monthly charge
S 0.14 payment/kWh exported
S 0.12 lifetime cost/kWh for PV electricity [5] [5] At $2.50/Wp-DC installed cost,
Fuel Costs 30 yr life, 0.5% degradation in
S 400 S/ton pellets output peryear
S 2.00 $/gallon propane




Energy
cost
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Energy emissions™

EM Garage -- Emissions, Ibs CO2e 1st year
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Basis of energy emissions

CO2e emissions per unit of fuel
total Ibs CO2e/unit [2]
Propane 16 Ibs/gallon
Electricity 0.9 ISO NE Includes methane leakage
Electricity 0.2 WEC [4]
Electricity, PV 0.11 from PV [3]

[2] combustion emissions * site/source factor + precombustion emissions + combustion emission --
Note that this is at the building meter. This value does not include combustion or heat pump
efficiencies or distribution efficiency within the building

[3] includes energy to produce and install PV system

[4] estimated value based on WEC selling class 1 RECs

and buying RECs frome existing old hydro, and
landfill embodied emissions



Construction costs

Option Construction Cost [3]
# Name [2] Without Soft
Costs With soft costs
1|Prefab Metal, Propane Boiler S 3,910,000 | S 4,720,000
2|Wood Frame, Propane Boiler S 4050,000S 4,860,000
3|Wood Frame, Air-to-Water Heat Pump | S 4,040,000 | S 4,850,000
4|Wood Frame, Ground Source Heat Pumg S 4,350,000 [ $ 5,160,000

$4,654,000 /

as of 37/25




30 yr life cycle cost analysis

BLCC 5.3-24 -- Building Life-Cycle Cost software from
Applied Economics Office, Engineering Laboratory, National Institute of Standards and
Technology

* Discount (3%) and Escalation Rates (2.3%) are NOMINAL (inclusive of general inflation)

* Replacement costs included for HPs (20 years), circulators (15 years) boilers (20 years),
controls (20 years), HP compressor repair and boiler repair (10 years)

* Annual repair and maintenance costs, based on similar systems

* Run for 30 years -- 50 year life for wells and piping, etc., so residual value at end

* Residual building value at 30 years is estimated at 75% of initial construction cost.

Run by Dan Dupras, PE, Engineering Services of Vermont



30 yr life cycle cost analysis

Option Life Cycle
Operating Cost [5]
5SS
1|Prefab Metal, Propane Boiler S 2,955,000
2|Wood Frame, Propane Boiler S 2,916,000
3|Wood Frame, Air-to-Water Heat Pump S 2,953,000
4|Wood Frame, Ground Source Heat Pump | $ 2,923,000

Probably gone Federal Incentives:

» $244,000 for ground source system
e $48,000 for Air-to-water HP

* $37,500 for smaller 50 kW array

* Feds make direct payment to Town.
Efficiency VT incentives not included

[5] Not including incentives,
not including enclosure
maintenance

Note that these costs
are all very close to the
same -- within the
margins of error!



Probably gone Federal Incentives

Probably gone Federal Incentives:

* $244,000 for ground source system
e S48 000 for Air-to-water HP

* $37,500 for smaller 50 kW array

* Feds make direct payment to Town.
Efficiency VT incentives not included



Selected system:
Ground Source Heat Pump System

Open loop, “pump and dump”




Selected system:
Ground Source Heat Pum

Iosed loop, boreholes

Drilled test well with hydro-geologist advice and found 9C
gallons per minute. Open loop!

HP only COP  [Total COP

GSHP, open loop 4.9 3.9] Constant over years
GSHP closed loop 4.2 3.6] COP decreases as earth cools with unbalanced heat/cool loads
A2WHP 2.7 2.6] Constant over years




Ground Source Heat Pump System
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Commissioning

Cx Associates and A. Shapiro detailed review of
MEP and Enclosure

Two formal reviews:
* Design Development
* Construction Document stage

Cx Associates on-site inspection and testing

* MEP systems

* Enclosure —inspection, “first instance” testing
with fog, IR and blower door; final compliance
testing (0.05 cfm50/sq.f.t. shell 6 sides)




Lessons learned

* Prepare for peak demand early!
* Don’t forget EV chargers

* Bang down pumping loads!
* Handle big wild card loads -- frozen trucks and big

open doors — without increasing peak demand
* Value of commissioning



Thank you!



