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SMNR 60: The Risk of Decoupling
Efficiency and Decarbonization

Why Efficiency and Scale Are Critical to Heating

Electrification/Decarbonization Retrofits
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Understand the risks associated with incorporating carbon free solutions
on end use or primary efficiency.

Explain the major factors impacting emissions from electrified heating.

Provide examples of how in certain cases electrification of heating can
actually increase heating emissions.

. Offer general guidelines for assessing the best decarbonization strategy
for heating systems



Outline/Agenda

* Why is the market focused on heat pumps

» Challenges created by renewables and heat pumps / How to address

* Integrated system retrofit options

« Why Water-Water Heat Pump & High Heat Recovery Temperature are Critical
« Guidance for Efficient & Resilient Electrification of Heating



Why Is the market focused on heat pumps?
Efficiency & Decarbonization

Fossil fuels Heat pumps

* Inefficient ~45% efficients,

Transmission

Wi & Distribution
T [

* Drive CO, & other gas emissions impacting
environment ( €O, & SO & NOx

S -

s

COP~2.5-3.5

Heat exchanger

~35% operating cost reduction
~60% emissions reduction

e More efficient Heat Pump

3
5
|
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Part Load
Efficiency

e Efficiency increases at part-load/lift




Why iIs the market focused on heat pumps?

Energy costs

$200 @ Savings-weighted average $198 $198
_. $180
e
E $160 $156 $159
9. 9 ~ 151
Efficiency still the lowest € 440 *
>
cost energy source o $129
O $120 $126
o
‘S $100 $101
9 73
S 80 $
: " .
Y 60 $42 $65
N $54
) $49 $59
E $40 ° $44
As renewable volumes go . s o $29
20
up, cost comes down — $26
Lowest cost, next to $- $12
efficiency Energy Wind Geothermal SolarPV - Solar Thermal Coal Nuclear Gas Combined Gas

Efficiency Utility Scale + Storage Cycle Peaking

Source: ACEEE



Why Is the Market Focused on Heat Pumps?
Emissions Reduction

U.S. electricity generation from selected fuels

U.S. renewable electricity generation,
AEO2021 Reference case %

including end use \*y

AEO2021 Reference case

ailem L billion kWh
® naturalgas @ renewables @ nuclear @ coal solar ® wind @ geothermal @ hydroelectric other
2020 2020
6,000 2,500
history ! projections history | projections
5,000
2,000
4,000
1,500
3,000
1,000
2,000
1,000 500
0 0 I 1 1

2010 2020 2030 2040 2050 2010 2020 2030 2040 2050

Source: EIA



Why Is the Market Focused on Heat Pumps?

Emissions Reduction — Increase with Renewables

66%
63%

60%

No Renewables

10% Renewables 20% Renewables

As grid integration of renewable energy grows, so

does heat pump resulting greenhouse gas emissions
reduction

Heat Pump CO, Emissions Reduction:

Renewables integration impact

Based on AWHP applied in ‘warm’ climate




Challenges created by renewables and heat pumps

Demand




Challenges created by renewables and heat pumps

Energy storage / Thermal storage

Demand-side scale provides built-in flywheel storage & enables options



Challenges created by renewables and heat pumps

Climate Change

1st Level macro trend

Renewables

Electrification/
¢ Integration

Sector Coupling

o

Efficiency 2nd Level supply side /
Programs @ utility e

Fossil Grid-
Fuel to Resiliency level
Electric

storage

Boilers

Micro grid »
——/ District (@) gfiééli:gme @
energy

3rd Level supply/ demand

i Demand- -

to heat Heating/ side Onsite Low WP 4th Level demand-side

pumps — g)?l%llla?gsis storage —> power Refrifjerant

heat 2ter water Thermal (Sl  Variable Med/Low @ th Level Equipment

pumps P DD heat ﬁ speed pressure mp |cat|ong P

pumps equip. equip.
' ‘
; Medium

Higher Variable Large/ Hydronic Pressure R1234 h C
temperature speed Oil-Free MPHE/ ze Smart D th Level Component
compressor cﬁmpressor 4-IWayVaIve %);;\Stti?nr?zation : MCHE & Scrolls Inverters mphcatlons

Evaporator




Challenges created by renewables and heat pumps

0 Range of heat source to heat Heat Pump — System Differential and Associated Efficiency

supply differential (K)

° Corresponding heat pump
system efficiency (COP)

o 0.3-60MW+ systems

50

5.00

= 5
1K B
_ : 2% heat s 400 g
differential B 5 # /_ i =
efficiency 30 ! ! el 300
20 2.00
™ ,’
electrical 0 e
— load , S0

Differential e Heat Efficiency sessess Linear (Differential) «=«-s-- Linear (Heat Efficiency)




Challenges created by renewables and heat pumps

Opportunities by Heat Source (# of projects)

The most prevalent heat recovery heat sources

* Process, Wastewater, district and data center
cooling = 44%

* Geothermal total = 14%

* Biogas total = 8%

Source Temperature Average/Range &

50.0

* Target the most consistent availability and
highest temperature heat sources

40.0
30.0
20.0

e Todrive...

* highest operating hours 0.0
* best efficiency 100
* |owest resulting heat price




Challenges created by renewables and heat pumps

Radiator 55C Fan Coil 45C Floor Heating 35C




Integrated System Retrofit Options

Data Center Heat Pump
Chilled Water / Air Cooling Water-Water

B =
Ty Ir"'
= A

65°C

District Energy
4th Generation Heating




Integrated System Retrofit Options

District Energy

Data Center Heat Pump N _ /
Chilled Water / Air Cooling Series-Series Counterflow 4" Generation Heating
Lower Return Temp
1y 11 rh rh

—‘ -t

20°C

l@

Lower return temp from variable flow, 2-way
PICV and hydronic system control optimization

4.8 C.OP In-turn allows series-series counterflow heat pump
Cooling - 20% efficiency increase




Integrated System Retrofit Options

Water-Water Heat
Pump

Cooling
capacity

Heating
capacity

(o0]
Cooling

cop
Heating

Chilled water
leaving Temp

Chilled water
entering Temp

Compressors kw kw kw W/W w/w °C °C

Full load, 28-20C 500 617.8 117.8 4.246 5.25 20 28

Impact of Increased Cooling Water
Temp on Heat Pump Efficiency,

supplying 67°C hot water

Series-series 2-Cir

Hot water returning
Temp

°C

43

Hot water supplying

Temp Min. capability
ratio
°C
67 49.2%

g.84 9.04
8.63
rsg 805 82 8O
s10 726 739 735 7
. q . . 5.02
Symbiosis (combined heating a72 481 492
: . : a0 427 436 4a4a 453 482
and cooling) efficiency increases 4.05 412 -
27°%b0 from corresponding chilled
. 3.72 3.81 3.92 4.02
water cooling temperature 344 353 362
: 0 o 305 312 320 327 336
increase of 15°C to 26°C
15 16 17 18 19 20 21 22 23 24 25 26
——  Cooling Efficiency — Heating Efficiency ~— Symbiosis Efficiency




Integrated System Retrofit Options

Data Center Heat Pump District Energy
Liquid / On-Chip Cooling Water-Water 4th Generation Heating
S
' S -l

differential

decrease efficiency
increase

6.2 COP
Cooling



Integrated System Retrofit Options

Data Center Free Cooling / Heat Reuse

Data Center Heat Recovery Station Heat Pump
Liquid / On-Chip Cooling Free Cooling / Heat Recovery Water-Water

;‘ (} ;F ;h

40°C

Data center heat station enables free cooling / heat recovery at
25% heat pump applied cost with minor heat efficiency impact

Cooling power limited to supply pumps, driven by recovered heat

District Energy

4th Generation Heating




Why Water-Water Heat Pump & High Heat Recovery

Temperature are Critical

Multiple heat source choices
Daily electricity price fluctuation —
Large air-water heat pump ~3-3.5 COP One day (10/21)

water-water recovery heat pumps ~6-7 COP, based mainly
on higher source temperature

O 0 0 O

High electricity price fluctuation ~$120/MWh
° From efficiency & resulting operating cost / heat price
~$360/MWh

* Air-water heat pumps operate when electricity price <
$100/MWh (~300 hours this year)

* Water-Water Heat pumps operate when electricity price <
$200 DKK/MWh (>80% of the year)

For district energy, difference between low-cost baseload heat source with quick payback and peaking plant backup




Guidance for Efficient & Resilient Electrification of Heating

Al
Critical facility cooling
& heat recovery

~20°C+

2 L I
Trgy=! i

Fae,,

Tvryyy

T1yy

e

Centralized Heat

Generation Plant
; Geothermal and

comfort cooling
~10-20°C

Industrial Process B - : % Hospital Heat )
Heat Recovery : M WPHr=nm Recovery <

Ambient air/water &

Food Retail Heat
refrigeration ~<10°C

Recovery

% Data Center Heat
&8 Recovery




Conclusions

« The efficiency of heat pumps, integration of renewables and decarbonization via electrification drive
heat pump use growth

« The growth of renewables also creates an increasing energy supply/demand disconnect and
resulting resiliency and operating cost risk

« All of the trends, risks and potential solution factors are connected, pointing us to the best solutions
 We can learn a lot from recent integrated system design experience, in terms of energy sources

« Demand-side efficiency and operating temperature optimization efforts are critical prior to or as a
part of integrated system design efforts

« Critical facility retrofits present the ultimate efficiency and decarbonization opportunity also
maximizing energy availability and resiliency

« Smart system design is critical to address the interests of the different business interests of varying
large-scale system stakeholders



Questions

Drew Turner

drew.turner@danfoss.com
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