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Typjcal refrigeration system:
+Compressor

+Condenser

+EXxpansion device

COMPRESSOR/

EXPANSION
B DEVICE <,

+Evaporator




Figure 2-1 refrigerant flow
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How Heat Pumps Work
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t pumps introduce a reversing valve to the refrigeration cycle
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Figure 2-2

Efficiency:
Coefficient of
Performance

(COP)

+Heating COP = Q3/Q2
+Cooling COP = Q1/Q2

+Q2 = heat of compression

electrical
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Power

Standard vs

These power
spikes are all
actually

‘off the charts’...
around 2.5x

(Around 4x to 6x
running current.)

< higher than shown.
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Area under the
green graphis
energy used
foran inverter
compressor.

Lots of power being
used.

E o

. Inverter Compressor Air Conditioner/Heat Pump
Power and Energy Consumption

Area under each
of the red graphs
Is energy used
for a standard/
non-inverter
compressor.
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No power being
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‘ - inverter
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Compressors

turned on here.

Time
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Power Plant Transmission Heater

Gas heater 97% 96%
55% 94% 320%

320%
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\\, Air source heat pump efficiency declines with outdoor air temp
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‘0Old News: Air Source Heat Pump capacity and
-efficiency declines with outdoor temperature

BTU/HR
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| Newer News: Enhanced
Vépor Injection (EVI)

Figure 2-13
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H2i® TECHNOLOGY

MXZ H2i HEATING CAPACITY
Ui AT LOW TEMPERATURES®
: “Hyperheat” 120 — 1007,
_‘maintains 2 100}
et Q
capacityat & =|-
O
very low P O
o B Lo w117 -C-NAHZ
OutdOOI % > e Slandard Heat Pump
temperatures « =|-
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Outdoor Temperature Degrees FWB

* Includes correction for defrost.
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n refrigerants have high GWP and

are being phased out

i = 7

GWP

Examples (GWP)

High 1000 -3 000 R-410A (2 088) HCFC-22 (1810) HFC-134a (1430)
> /\
Medium 300 - 1 000 HFC-32 (675% R-447A (583%@ \“R-454B (446) @
Low 100 - 300 R-454A (zs@}p\ R-455A (148) @
Very low 30 -100 R-430A (94)0Q
Ultra-low <30 R-717 (0) HFO-1234yf 4
AYA
BasedonT asl@rce Report

HFC-23 (14 800)

R-404A (3922) R-507A (3985)

As R-410a is phased out, replacements may not be compatible with
existing equipment

@)HVACSchooI
HFC (R-410A)

PHASEOUT TIMELINE

2020

The American Innovation and
Manufacturing (AIM) Act is
enacted by Congress. The AIM
Act directs the EPA’s focus to
the phasedown, substitution,
and management of HFC
refrigerants, including R-410A.

2021

EPA Administrator Michael S,
Regan signs the officiall final
rule for the phasedown of HFC
refrigerants. The final rule puts
forth a plan fo reduce HFC
refrigerant production by 85%
over 15 years.

; " 2022
‘\' ’ HFC production will
| decrease by 10%.

2024

HFC production will
decrease by 40%

2029

HFC production will
decrease by 70%.

2036

HFC production will
decrease by 85%

2034

HFC production will
decrease by 80%.



GWP comparison of R410A & R32 FaanN

GWP Quantity GWP x Quantity

(COeq) (9% ka) (CO.eq kg)

2.088
> 75% Reduction
- The GWP of
- R32 is only
R410A R410A R410A R32 1/3rd of R410A

GWP Valuas according to IPCC 4th Assessment Report

For the EU F gas regulation the GWP values of IPCC 3rd report are vaid Taklng Into
(R410A = 1975, R32 = 650) account the

refrigerant

charge, the
GWP is only
1/4th |
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,;:;,’fj///// +10,049 models with greater than 100% of
e rated capacity at 5°F

+Average COP at 5°F = 2.28
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- Mini-and-multi-split ASHPs
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Supply and return lines
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Condensate
drain to
daylight
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lini- SpIL’(or Single-Split

/
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o ,,One mdoor unit and one outdoor unit
/ //

INDOOR UNIT
P (Fan Coil Unit)

Multi-Split

* Multiple indoor units with individual
temperature controls
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Dual fuel system with ASHP sized for cooling

-

/ 40,000
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SUPPLEMENTAL g
HEAT NEEDED =
15,000 £
10,000 §

5,000 CANNOT MEET
HEATING REQUIREMENT

CAN MEET
HEATING REQUIREMENT

BALANCE TEMP
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OUTDOOR AIR TEMPERATURE (°F)




tance duct heaters. NO!
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/“/Vahable Refrigerant Flow
(VRF) with Heat Recovery

7 Most VRF systems include heat
recovery

* System can provide simultaneous
heating and cooling to different
zones




" VRF Features and Benefits

l /

—
~

/ /
/ /
1y / /
/l/// I / . . .
" ayul erricienc
//////// //
////// / /
/s /
.0

“ 4 Variable speed compressor

-

- +Comfort and flexible operation
» Individual zone control

~ Avoid hot-spot/cold-spot issues with
heat recovery

+Quiet operation

» No compressors in the space
» Quiet outdoor compressors and fans




. \. Reqmrements to insist on for Air Source
x,/I-Ieat Pumps

/+Inverter driven (minimum turndown ratio 8:1)

sz //
0 s,
/

+R|ght size (Manual J)

+start by sizing for cooling, then check capacity and COP at 5°F and
increase if necessary /

+True Cold Climate Heat Pump !
+Hyperheat, h2i, EVI i

+No electric resistance backup or duct heaters! A




EMMME

#2 Oil (gal.)
LPG (gal.)

Electr. (kWh)

Pellet (Ib)

Nat Gas (therm)

$4.00

$4.00

$0.28

$0.25

$2.38

40.70

26.80

1.00

2.49

29.31

139.60

91.30

3.41

8.50

100.00

0.83

0.92

3.20

0.83

0.92

$0.12 $

$0.16 $

$0.09 $

$0.12 $

$0.09 $

345 232
476 1.70
2.52 N/A

3.54 227
2.59  3.11




( \\ \\ \
N N v
=~ \ o
_.\\\ \\ \‘ /l ’l
- \
SO \\\ K /}{// /./ / o
- ]
. Keyinsig ht: Inverter efficiency depends on not ramping up and down!
VoL s s /
Vo '/ // //
Vb / /
Ll /I // / g
11
// // // //// , // //
srr 0y, /
VAV , /
VA V2 /
27 /// / /
7 7 4 P4
7y Y o
/;/ 4 -7
4 // s
/ /
/ /
7/ /
/ //
7

Compressor



/
/
/

\ |
[
/7 /
/ /
You
Ve
7/ /
/ ’ /
/ /

S 62

|
| |
/ |

can use setbacks but avoid big changes

Setbacks using programmable remote

Hour

Bl set point ---temperature
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Using WIFI-connected
remote replacement to

control mini-splits
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Volumetric
Heat
Capacity

water: 62.4 Btu/ft3°F.

this cut would destroy the load-carrying
ability of the floor joists

air: 0.018 Btu/ft3°F

|
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2 x 12 joist

B! air

\ g upe 14X 8" duct N
B Ml Credit: Siegenthaler 2015
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AWHP,
(AWHP, outdoor unit) s

Air to water heat pump
with a buffer tank as the
hub and DHW pre-heater
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Credit: John Siegnthaler 2019
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| Efficiency declines
- _outdoor

increasing water
temperatures

Decrease water temperature

Figure 2-9

130 °F leaving water temp. —
110 °F leaving water temp. a
. \
3.5- /
SE —
2.54——— —
,/
o ;
+—
1.5+
=
0.5-
O:"""'Tlllllli|||w|||x|
-10 0 10 20 30 40 50

outdoor temperature (°F)




te/mperature reset
/controls allow low
temperatures for
most of the time on
existing systems

Supply water temperature (°F)
2 @
o o

~
o

150
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180 °F supply @ design load
(existing system)

= supply @ design load——

2r envelope improvements)
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SN I AtW HP Performance and outdoor

L /Performance is high

I

|
| / g
I

eVen with moderate 49

:,/,:/7 temperature =~ 120
7 reduction

* 130°F design water temp
* 90% of hours COP is above 2.3
 Seasonal COP = 3.8

Leaving Water Tem

-

Frequency (x100 hr) & COP

N
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\) : ,My system

Hil performance
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.« Design Water Temp = 100°F
. « Seasonal COP:

* 4.3 heating only
* 3.7 heating and hot water

Leaving Water Temp (°F)
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AtW HP Performance and outdoor temperature
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. 20,000 Btu/hr
Figure 3-9 (released from water)

180 °F ? ? ?

- 31 ft baseboard

M 20,000 Btu/hr added to water

heat source

120 °F

fFrT 11

M 20,000 Btu/hr added to water

heat source

isting emitters may have too little surface area

20,000 Btu/hr (released from water)

LR AR R AR AR

111 ft baseboard




standard fin-tube baseboard
high output fin-tube baseboard

500

450_g 65 °F air temperature \/
] entering baseboard /l
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~ Other hydronic heat emitters
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fan coil
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modlfy
ex1st1ng series
baseboard for
low temp
water

Existing series baseboard circuit

e

i

Modified distribution system

3/4"C x 1/2"PEX ¥
straight adapters (8

manifold
station

existing baseboard
FELELRRRRRRRELL

3/4" copper

added baseboard

-t
& HIIHIHIH:WWWHW—HHWW
existing baseboard added baseboard
T—wmwmmww—ww:::u::::::::::: %
existing baseboard bae;(:asbtg;?' d

3/4"C x 1/2"PEX
90° adapter

added panel rad.

(1L 7

existing baseboard
a0

existing
baseboard

1/2" PEX pr PEX-AL-PEX
tubing (typical)

added panel radiator
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. -additional

existing 2-
pipe system

cast iron radiator

temperature (Y Y Y,

setting
knob

Figure 5-4

integral balancing valve

panel radiator

capillary tube @

floor

1/2" PEX tubing /

actuator
3/4" radiator valve

<

return main

1/2" PEX tubing
3/4" NPT x 1/2" PEX adapter
3/4" purging / isolation valve
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‘Supplementing a mono-flow system
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