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Air-conditioning: ‘One of the most
critical blind spots in today’s energy debate’

https://www.iea.org/cooling/

The Future of Cooling
Opportunitigs for energy

Figure 3.2 » Residential AC cooling capacity in the Baseline Scenario by country/region
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Consumes ~20% of all electricity produced in Australia
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And makes-up an even greater fraction
of peak demand
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A good (productive) sink for excess PV
production?

Figure 4: Impacts of high penetration PV on customer demand profiles
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Source: AEMO and Energy Networks Australia 2018,
“Open Energy Networks, Consultation Paper”.
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An enthusiastic Australian property industry
(But it probably isn’t thinking of energy economics!)

= 150 Adapted from McKinsey Australia Climate Change Initiative
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And a disempowered residential sector

Figure 2.3 » SEERs of available residential ACs in selected countries/regions, 2018
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ion would seem sensible!

Regulat

Nadel and deLaski, 2013
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But large buildings require more than
just cold production

Shifting
cold

Making
cold




Smart people can do a lot!

Average reduction in energy use after multiple ratings
NABERS ENERGY FOR OFFICES (Base and Whole Buildings)
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Even when there is no clear technology winner
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Mainstreaming the ‘smarts’ with
automated diagnostics Diagnosis
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Rule # Alarm Descriptien olelslolalalolelolalolslalole zlal ],
1 In heating mode, supply gif temp should be greater than mixed air temp. A\ X XX KX x| XX
2 Ouitdoor air fraction {peﬁentage of outdoor air) is too low or too high. \ XXX x| X
3 Heating coil valve corﬁ'la.nd is fully open and supply air teamp emor exists. \ x XK Al E| KX
4 Heating coil valve u:fnmand is fully open. If heating load increases, supply air temp will drift from setpoint. \( x| X Rl E|E| X[ X
5 Crutdoor air temp Htoo warm for cooling with outdoor air. X
[ Supply air temp ghould be less than retumn air temp. HONE XX
L Supply and miﬁd air temp should be nearly the same. X \ X XX XX
E g Crutdoor air tﬁnperﬁture iz too cool for mechanical cooling with 100% outdoor air. X it L LI
9 Cutdoor aiﬁnth alpy is too great for mechanical cooling with 100% cutdoor air.
O 10 Outdourﬁd mixed air temp should be nearly the same. X x| X
) 11 Supply Air temp should be less than mixed air temp. X X Al AR x] X
Q 12 Supp[air temp should be less tham return air temp. XX Kl | X | X[ XX X] X
13 CMQ coil valve command is fully open and supply air temp ermor exists. X \ Al XX X[ XX X] X
E 14 Cgoling coil valve command is fully open. If cooling load increases, supply air temp will drift from setpoint. X AN Al XX | X[ XXX X
15 utdeor air enthalpy is too low for mechanical cogling with minimum cutdoor air. \
>\ 16 ’Supplyair temp should be less than mixed air temp. X X \x KX | XX XXX
(D 17 Supply air temp should be less than return air temp. LR X LA RS R A RS
18 Cutdoor air fraction (percentage of outdoor air) is too low or too high. MRS R x| X
19 Cooling coill valve command is fully open and supply air temp ermor exists. X Al | XXX XXX
20 Cooling coill valve command is fully open. If cooling lead increases, supply air temp will drift from setpoint. X XXX | X[ X X X)| X
21 Heating coil valve, cooling coil valve, and mixing box dampers are all modulating simultansously.
2 Heating coil valve and cooling coil valve are both medulating simultaneously.
23 Heating coil valve and mixing box dampers are both modulating simultansousiy.
24 Cooling coil valve and mixing box dampers are both modulating simultansously.
25 Persistent supolv air temp emor exists.




“You cant manage what you don’t measure”

Empowered Human
Digital Platforms
Artificial Intelligence
Mathematical Modelling
Cloud Computing
Building Automation Systems
loT Sensors
Occupant Mobile Devices

HVAC-as-a-Service
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Going beyond incremental improvements

with Integrated Design
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“Free” cooling is available most of the year
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What about solar heating and cooling?
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Routes to delivering solar space heating

\
[ Solar Thermal [ Solar Electric J

J

I
¥ ¥ ) ¥ ¥
Roof cavity ]{Transpired] Glazed air heater]{ Hot water ] [ Solar PV ]

\ J

Y
[ Combi System ]

4 N
| Mechanical heat pump
-------------------------------------- g « Split system

DX Unit
\_ J
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Combi-systems beget
solar cooling systems?

¥ Increased market share of solar combi-systems:
Solar thermal system for hot water and
support of the heating system

® Collector area typically ~10 - 15 m?
® 800 - 1200 Litre buffer storage volume

® Solar fraction for total heat demand
» 20-35 % in central Europe
» 30-60 % in southern Europe

® Market share ~ 40 % of newly installed
systems in Germany (collector area)

' Task 38
Solar Air-Conditioning

Fraunhofer .. . S s | oo ot and Refrigeration
Solare Eneraiesysteme




Zrnst & Sohin WILEY
[ ] Edited by
: : I1 D m I CS Daniel Mugnier, Daniel Neyer, Stephen D. White

The Solar Cooling
Design Guide

Case Studies of Successful
Solar Air Conditioning Design
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Solar PV or solar thermal

Thermal storage tank

(~20% of the cost of Backup

batteries on electrical heater Thermally
equivalent basis) +— Activated

\ Cooling Machine

!

PhotoVoltaic - _ A
(PV) Panels

Hot water

Solar collector

panels backup from
grid 1
. — import |

It . L
sgrid° Airconditioning
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Separate PV and AC (grid acting as buffer)
vs Connected PV and AC (off-grid/ self consumption)?

s this “Solar Airconditioning” Ol "Solar AND Airconditioning” ?
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Potential benefits (beyond simple energy savings)

Electricit tem . .
R s.ys - Consumer benefit Disadvantages
benefit

Autonomous e Reduced peak Residential: e Wasted
100% off grid solar demand * leave it permanently electricity if
PV/AC * Noreverse on = guilt free luxury airconditioning
power flow Commercial is not required
e Safety * Solar cooling efficiency . pNeeds batteries
* \Voltage increase at part load to manage
* Slowramp rates | 4on’t need to inform my fluctuations

electricity utility

* Reduced peak

100% self | don’t need to inform my Wasted electricity

. demand . . o L
consumptlon of e No reverse electricity utility :1; z:llcr)iorzdﬁ;:en(;ng
Solar + grid backup oower flow q

Solar PV self
consumption with

grid export/import

e ©

Reduced peak Get full value for

demand electricity ack of advantages



But making an industry BAU leap is tricky

(solar hot water example)

Elements of Total Installed Cost of Typical U.S. and Israeli Systems

USD Thousands

$8.0
$7.0
$6.0
$3.0
$4.0
$3.0
$2.0
$1.0
$0.0

Navigant Consulting Inc, 2012

Israel Thermosiphon U.S. Thermosiphon
(Most Common)

Israel Indirect

U.S. Indirect (Most
Common)

M Pressurized Tank”

M Building Not SWH-Ready
Indoor Tank Installation

M Pitched Roof Installation

M Lower Collector Mtg Volume

M Larger Collectors”
Conventional Backup®

M Larger Tank”
Other U.S. Cost Elements

W Base Cost

B Israeli Prices

[ncentives not included
in system costs.
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Supporting a transition

Stacey agreement/ certainty matrix

Low Innovation Chaos
Creativity
Z Anarch
2 ,, | Political Debate y
2 5 | control- Tone o
@ % compromise . o
GC) % S A Sandpl’[
® e to play in
S5 \ & Error
<? Standards
Guidance o
High Monitoring ' R R
' o
Hige Certainty of the Answer Low
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The Affordable Heating and Cooling
Innovation Hub (i-Hub)

Living laboratory
accelerators

Buildings to Grid
Data Clearing House

Data, Software and
Automation Companies

Green proving
grounds

Product Manufacturers
and Suppliers

>100MW of flexible load ,Q
.S

Identified and proven

Integrated Design
Studios

Design Consultants
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Summary

e Australia is making good (but incremental) progress toward low
energy HVAC, despite a lack of regulatory ambition

* ‘Smart’ automation and diagnostic technology can provide Demand
Response and address skills deficits

- Expect significant digital innovation.

* Deep energy savings will require more innovative design solutions.

- Integrated design is a key enabler, and a willingness to ‘experiment’ with
new designs

 Solar airconditioning has electricity system benefits over solar and
airconditioning

* A proposed Australian Mission Innovation ‘Affordable Heating and
Cooling Innovation Hub’ (I-Hub) aims to provide the necessary
sandpit for accelerating industry transition
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Thank you

Energy Technology
Stephen White
‘Grids and Energy Efficiency Systems’ Research Program Director (ag)

t +61 24960 6070
e stephen.d.white@csiro.au
W www.csiro.au/
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An IEA view of the future....

Heating equipment iea

Evolution of heating equipment in buildings to 2060

Inner to outer ring

2014
2020
2030
2040
2050
2060

» Coal and oil boilers m Gas boilers m Efficient gas technologies ® Heat pumps J

Electric resistance [ m District heat ] » Solar thermal ] = Efficient biomass

Heat pumps, solar thermal and district heat is key to B2DS




