HVACC 4.0
- A Green Field Approach -

HVACC 4.0 =
Heating
. Ventilation
Expert meeting Air Conditioning &
SHC TaSk 53 Chilling (fridges, freezers)
4.0: Smart Grids
Abu Dhabi, 29.10.2017 Sector coupling
Dr. Thomas Noll, Kipfenberg Similar to SHC task 44:
TNT (Thomas Noll Technologies) ST and Heat Pumps

SHC o 3¢

SOLAR HEATING & COOLING PROGRAMME
INTERNATIONAL ENERGY AGENCY



Noll |30.10.2017| page 2

Personal:
Intro #1:
Intro #2:

HVACC 4.0 #1:
HVACC 4.0 #2:
HVACC 4.0 #3:

Results:
Summary #1.
Summary #2:

Annex:

and

, and

and
and
and

and

and



4 Noll |30.10.2017| page 3

HVACC 4.0

Personal #1: Curriculum vitae
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http://www.enlight-project.eu/en/news-events/enlight-wins-the-eniac-2014-innovation-award/
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Introduction #1

HVAC megatrends: Summary

Meqgatrends:

« (Extra) Low temperature District Grids (24G) for heating and cooling

Managing the energy transition:

 Phase out firing Hydrocarbons by 2050
« Sector coupling: Electricity, Traffic & HVAC

« Smart electric grid coupled to thermal DG

Requlations for Heat Pumps: Effective
« Ban of F-gases with GWP > 150: mobile chillers 2020
e.g. R404A, R422, R227ea,... > 2500: service stop 2020
> 150: Central > 40kW 2023

> 750: mono split < 3kg 2025
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HVAC megatrends (Ochsner, heat summit, Cologne, 20.11.17)

“Simultaneous” heating & cooling (VRF)
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HVAC megatrends

VRF: Separating facts from fictions

« Strongly promoted as ,,The future HVAC-technology®. JVRFE System Market worth

« Simultaneous H&C @ HP only in case of Classic VRF - with ~ 22.79 Billion USD by 2023
usually >> 3kg refrigerant - and use of special indoor units. . Rt

* No simultaneous H&C @ HP in case of water based systems, ,/ \a
only “toggling source and sink” between “Hydrobox” and ~ =

“outdoor device”.
 Simultaneous HjC @ consumers only in case of additional
hot & cold BS serving circuits for space heaters & coolers.
« Mainly air baged|systems ->high T, and low T..

Source: Bauherrenwissen

* No storing of excess heat/chillness in BS, but in
contrast to HVYACC 4.0 release to environment.

Source: Yanmar

LT

MY Source: van der Hoff/TripleAqua



http://www.kku-concept.de/gasmotorwaermepumpe/produktangebot/
http://www.klimashop.de/downloads/sonstige_informationen/VRF Bauherrenwissen.pdf
https://www.linkedin.com/pulse/beijer-ref-launch-propane-heat-pump-menno-van-der-hoff
http://www.marketsandmarkets.com/PressReleases/variable-refrigerant-flow-systems.asp
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Introduction #2

Requirements on future proof HVAC systems

Legal & Design goals Cost & efficiency (Technical) Capabilities
Fast market penetration Heating & Cooling
-> climate goals 2030 (no VRF)
Compliance Acceptable Rol Including PV
F-gas_regulation aven w/o fundina and chilling
Scalable - R 4L N BuiIdiB%Stock

Overcome paradigms
Apply Triz — _
Efficiency first
low carbon footprin
and reliable v

Fulfill future Eco SG ready
design requirements LT-Heat, chillness,
electrici

100% heat recovery
from used air
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f New or unusual

Thermal management and functional blocks

H&C circuits:

oG DG: 5

* Radiators (W)

- DHW (S/W)

W: Toyppy=40°C
S: Tpae=30°C

PSV with PSK

S: 30...>70°C 1
W: 40...60°C

4a
TMD

#1

Space heating (W):
FH, Radiators
Fresh air (AC)

“Thermally useless |::>
medium”

Space cooling (S):

 FH, Radiators

S:10...30°C 1
W: 20...40°C

2 Daily storage 3

BS2

for ,thermally 5
useless medium”

8a/b

QO...40°§
N 8a/b
20...30°

* Fresh air (AC)

S: Touppy=10°C

|

BS3

W: Tpo=20°C

Heat recovery (W):
* Used air (AC)

+ Waste water 6b
» Supercooling 7a
» De-Superheating [7b

6a

AT=20°C

S:5...10°C
W:

8c

0°C (-20°C)

S=Summer; W=Winter

8a/b

Collector cascade (KV):

Output (S@D):
8 Unglazed collectors
e.g. ACPV, SPC, ELT
8a 8b 8c

Input (S @ D&N):
Unglazed collectors

Output (W@D & S@N):
Unglazed collectors

Output (W@D):
ELT-collectors

Input (W@D):
ELT-collectors

Input (W@D):
Unglazed collectors

D=Day; N=Night
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Thermal management: Description and what is

The “heart” of HVACC 4.0 is the buffer storage cascade PSK, consisting of
preferably three hydraulically coupled storages BS1, BS2 and BS3 with
predefined temperature profiles, which are seasonally different [@). They
range from about 70°C on top of BS1 in summer and may fall below

-20°C in BS3 in winter by the action of TMD#2 - BS2 is designed as a
daily storage [@) for chillness, which is needed for operation of water and
air based chillers and optionally for active PV cooling. The size of BS2 for
AC should be =3500 | for a 100m2 building @ 100kW/a*m?2. BS2 could be
e.g. a modified oil tank in the building stock, if refurbishment of the heater
system is necessary.

The PSV is basically identical with the PSK, but includes additional,
preferably PSK-integrated components like HEX for energy exchange with
collectors of the KV and condensers & evaporators of TMD#1/2 (not
shown). The two TMDs [@) work like heat pumps with the difference, that in
a first step there is no dissipation of waste heat or chillness to ambient like
in case of water based VRF. And they are only active if the KV is not able
to maintain the desired T-profiles in the PSK. In difference to SotA, the T-
lifts are low (<30°C), resulting in high COP and EER. For each °C the KV
or the DG ) lifts T(BS2) above 5°C in winter (=Tg,;,c) OF lowers T(BS2)
below 40°C in summer (=T, @ T,,sige=30°C), the efficiency is 3% ahead of
a brine-water HP or an air based chiller [AEAQ7].

The PSK acts as heat and chiliness source for serving the H&C circuits for
space heating and cooling. Radiators are supplied with hot medium from
top of BS1 and floor heaters with medium from top of BS2. The backflow of
thermally useless medium [&) ends in the middle part of BS2.

BS3 is the source for HEX like e.g. for heat recovery from used air in winter
(63) and waste water [BB), boosting efficiency above 100% if T(BS1) is
below T,,iqe,» Which is much ahead of SotA (<80%). Other examples are
HEX for heat recovery from superheated compressed refrigerant via DSH
{@B) and from condensed refrigerant via SCD [([#@@), refer to slide 10.

The PSK may be coupled to a 4G DG, which is operated between
50...60°C for heating. Alternatively, a new heating & cooling 5G DG
., refer to slide 13, could be designed with two pipes operated @ a
AT of 20°C by exchanging medium from the top resp. bottom of BS2
with the DG. This may be done in summer @ 30/10°C and in winter @
20/40° as consumer, producer or prosumer of energy.

The KV consists of different types of preferably unglazed ST collectors
(@) like Actively Cooled Photo Voltaic collectors ACPV [@8), cheap
Swimming Pool Collectors SPC [@B), or new collectors designed for
Extra Low Temperatures ELT - which are not explained here.

ACPV collectors [8&) are basically modified PVT-collectors with an
additional evaporator on the back side, allowing 8 different operation
modes, refer to the table below. The most important ones are
evaporation of excess refrigerant in winter and regenerative cooling of
BS2 over night.

Unglazed collectors [B) are preferred over glazed ones due to their
ability to boost the collector efficiency >100% if Ti,n, < Tousige- IN
summer and during night, BS2 is chilled down to 10...25°C, depending
on the climate zone. Like in SHC task 53, this is done mostly
regeneratively. The cooling power is boosted by the NRC-Effect @ a
cooling power 50...100W/m?2 allowing EER values up to 60 [POK15].

(ext. to SotA PVT)

1 H 3 Evap. of excess refr. (M3) (in cold regions) D+N Wi
2 [ o4 213 RE cooling utilizing air cooling + NRC effect N Su
3 H 2 Boosting COP by rising _T%> Tanne D Wi
4 H 1 WW-production (T>50°C) D Su+Wi
5 PV 213 Maximize PV output by active cooling (M2) D Su
6 A Preheat outside air for AC D w
7 c 213 Active cooling by evaporation of refrigerant N Su
8 PV 1/2 Max. PV output by evaporation of refrigerant D Su
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HVACC 4.0

Chiller process: Log p(h)

Cycle: Tin°C
4° 1" Evap#1 (no overheating needed): 10 r - T - : - -
12 Comp#1 (15°C Superheating) 55 l LRI FUNUESE
22" De-Superheating (via DSH-Device). 41 10 oy @ : P &,o' EH T AN |
23" Cond#1 (SC 30°C via SCD) . 10 L DuPont™ Oplto[;l"' HFO-1234y1 |/ $ i A 1aT Q,_ %
22" Comp#2 (15°C Superheating) 85 g o ik ¢ g\ N 4 S,
23" Cond#2 (SC 60°C via SCD) . 10 s [ [: 1 a8 i int_ "
T TR pleds (v e s
Formulas: c I 5 é g 5
Qn h2'—h3' _Tw a I gl s ! , . :
Sl S8 E e i i |:3 il e AT
pep - % _hU—h T 3l scp | Cond#1 > s
o R, =MNeM* 1k HE = v L
Py h2' " h1' Tw— Tk " B = L I, { ,{'W 7 a’
S ° A 4 &
Efficiency improvement potential: - 42 i R /
i . 13°c [ 2 /) , "}4 ‘
i : 7117 Evap#1 , L
COP/EER fUrR1234yf(Fig.3a) | ‘"= x===< gy BN "!"8."7 B '4"" 7 |4 "v - \ ; "
Enthalpie [k/kg] Tw/Tk °C . i ’ B BT 1 1A
ht' 37| Tk(PS3) 10 I & @ i . /’{ ! A / / / / /{ LA
h2' 406 Tw(PS2) 40 g 1i AL
w [ n 387 | TwPs) [ Ap i ',l %‘
h2™ 421 Freiwerdende Enthalpien [kJ/ka] s [ £ ' ' '
h3', h3", h4' 214 [2'->2"; EHS/HGK ->PS1 19 ! + ‘ 4 '
hics 293 SCS Kond. 1 (hK1-h3") 79 |
hes 248 [SCS Kond. 2 (hK2-h3') 34 -30-44o--f - ot ¥
T-Hub Definition Enthalple Definition Tw/Tk : ;!
®) I8 EER cop EER cop -30°C [ ¥ AT
10«70 2,96 3,96 2,96 3,96 n % L/ -
1040 4,49 5,49 4,49 5,49 - -1 & P4l I
1 for T-Hub nber. |COP/EER SdT Potenzial - A P PSS '\.8
AT 0 A S N avARERE!
(€) [\WP 10_40] 3% as% 17%
nKM 10...70 52% i 33% 59% 200 :#00 h1¢ 400 500
nKM 10.. 40 43% 5 33% 32% h3/4¢

hi hy, hin klkg M hEE
h2“
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Chiller process: Description
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The process can be best described by looking at the log p(h) diagram as

shown for e.g. R1234yf with a GWP of 4. Once the process is defined

via the points 1°...4%, the enthalpies h1‘...h4‘ can be taken as readings

from the x-axis. COP, EER and the efficiency n, of the heat pump and

Newm Of the chiller can be calculated straightforward using the formulas

shown. The following specific features are worth mentioning:

1. There is a 2-stage compression process 1°'—2’ and 2" —2"".

2. Compressor #1 enables a T-lift of =30°C from e.g. 10°C, which is
the upper temperature in BS3, to 40°C, which is the upper
temperature in BS2 in winter. This T-level is needed for operation of
e.g. floor or wall heaters.

3. Compressor #2 enables a T-lift of =30°C from 40°C, which is the
upper temperature in BS2, to 70°C, which is the upper temperature
in BS1. This T-level is needed for DHW production and operation of
radiator heaters.

4. Between the 1st and 2nd compression De-Superheating (DSH)
takes place [@@) by means of a HEX, which is supplied with medium
of 40...45°C from BS1. This “sequential cooling” allows to store
,high value heat* of 19 kd/kg in BS1 instead of BS2 and reduces the
work of TMD#1 in winter.

5. If condensation takes place @ 40°C in BS2, subcooling - is from
40—10°C with a heat release of 34 kJ/kg. If condensation takes
place @ 70°C in BS1, subcooling is from 70—10°C with a heat
release of 79 kJ/kg. Compared to SotA, where subcooling is
typically <5°C, the PSV concept allows strong subcooling close to
0°C - or even lower if the medium in BS3 is with antifreeze - due to
the availability of cold medium in BS3.

6. The thermal energy is exchanged in a liquid-liquid HEX, which is
preferably integrated in BS3. While the released heat is stored in
BS3, cooling the refrigerant increases the cooling power and lowers
the risk of flash gas formation, which should not happen in the
tubing of liquid refrigerant. In addition, heating of BS3 helps to avoid
freezing of the medium by the action the evaporator of TMD#2.

10.

11.

12.

As a consequence, flash gas formation, which would be up to 50%
w/o subcooling, can be totally avoided. This is the reason for the
much higher EER, where the difference h1’-h4’ is in the nominator
of the EER formula.

Strong subcooling [@B) is essential for refrigerants like HFOs and
natural refrigerants like R433A, where the liquid-vapor curve has in
the relevant pressure range often “flat shape”, especially if conden-
sation takes place @ high temperatures close to the triple point.

In contrast to SotA, where there is generally a pressure drop of 0,5
bar in the evaporator necessary as driving force for refrigerant flow
[SBTOx], in case of HVACC 4.0 evaporation takes place preferably
in an “evaporator spiral” located inside BS2 or BS3 and with a much
higher cross section as e.g. in plate HEs. The evaporation process
is therefore mostly isobar.

In contrast to SotA, where an overheating of typically 5°C is needed
to avoid a compressor damage due to liquid refrigerant [Vil1], in
case of HVACC 4.0 at the point of evaporation the compressor is
~far away“ and will heat up anyway in the tubing.

As can be seen in the table, the efficiency of the heat pump np is
increased between 17%...54% if compared with an anyway efficient
brine-water HP with n,,=45% [Z009]. In case of anyway efficient
water based chillers with n¢=33%, 1y is increased between
32%...59%. The efficiency improvement potential is higher for the
higher T-lift due to the additional savings from DSH [@B) and the
higher supercooling - In absolute values, the efficiency n,p of
the heat pump is 69%, and g, of the chiller is 52%. Both would be
world record for cost optimized domestic applications.

Further optimizations of the COP and EER should be possible, if
the refrigerant is a zeotropic mixture of HFOs or a HFO with other
HFC like R452 and R454, so that the T-glide of the refrigerant is
adapted to the T-glide the condenser [ZBE17]., which is also
preferably located inside BS1 or BS2.
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HVACC 4.0

Differences

Difference to SHC task 53

In SHC task 53 for solar cooling basically two
possibilities are investigated:

In HVAC 4.0 solar cooling is shifted to the night.
In addition Heating and Chilling (fridges,...) is addressed.

photovoltaic

O § system
| chilled water Solar chiller
Electrically driven ——p system
* cooling system / #niltor
electricity air-conditioning chilled water
system # 4
conditioned air
Thermally nd fon
solar thermal ' use|eSS #‘
O = system
| N chilled water oonditioed sl
Thermally driven = ‘
q cooling system / and /or
air-conditioning
heat system q C0|d

conditioned air

Source: [Mul4]

1. EER up to 60 if produced over night with unglazed collectors instead 3,5 if
produced during day using a PV driven water based chiller

2. Affordable, unglazed collectors + NRC effect (50...100 W/m? free of cost)

3. The price to pay is the more complex PSK and the size of BS2 (daily storage)

But: Additional active PV cooling is possible
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Difference to DG 4G
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Energy effichency [ temperature bevel N

16G: STEAM
Steamn system, steam
in conoete duct

Temperature < 2009

pees

2G:IN SITU

3G: PREFABRICATED

Fresaurised hot-waisr system
Hewyequ.ifm
Large "build on site"stations

- —

e e e R

&
-

Biormaz
CHP Biormass

Pre-msulited pipes
Induzriaised compact
substations [dzo weith ireulation)
Metering and rmanitoring

4G: 4th GENERATION
Low energy demands
Smart energy (optimum
interaction of energy
sources, distribution
and consumption)

2-way DH
<100°C
<SG-60°CF0°Q
40°C
Future
[ energy
Seascral Y ¥ sowce
heat storage
. Bonass
Large scale lar [— CONVErSon o
1)
SR Zway %
* District
P . 8
Geothemnl hﬂi = Heating g
5

PV, Wi

Wind suphus
Electricity

Heax . Heat
storage starage
cooling plant
CHP wase
Stearn CHP coal CHP coa Cervraised
sioge HP ail CHF ol Industry surplus heat pump
Al Al Al
Coal , Cod ". Gas, Waste d— . * CHP wazte i lowenergy
Waste '_]- ] Visste [y Oil, Caal '.'[ T incinertion BT bukdings
Local District Heating Ditrict Haating Detrict Heating Derict Heating
Development District Heating generation) /
| . . Period of Ibcs: awailable technology
5
1G/1880-1930 2G/ 1930-1980 3G / 1980-2020 4G [ 2020-2050 ’

Source: [P17]

5G: 5th generation extra low
temperature DG for heating

& cooling of buildings
utilizing HVACC 4.0

Summer: Tg,,,=10°C -> Cooling
Winter: Tg,,,=40°C -> Heating
ATinloutzzooC

HVACC 4.0

SPC

Unglazed ST

Al
P, o

District
Heating & Cooling
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Efficiency improvement potential

Benchmark heat pump and chiller: SotA vs. HVACC 4.0

Techn. Mode |Type Heat |Twarm | Tcold | 4 AT 1 cop/ | Eff-Potential |Remark
sOUrce o S // Com % EER | abs. |per°C
SotA HP lww  [Tsole 65 5/ | 60/ | 45% | 25 Tcold=Tsole is fix @ 5°C
HVACC40 [HP  |ww [TBS2 65 | /25 | 5#5] 69% | 45 % 76% | 10,1%|TcoldT due to BS2+collectors
SotA Chiller |AW _ [Toutside | 30 1 7.5 (V225 [l 3% )] 44/ Teold = 7,5°C, Twarm=Ta
HVACC 4.0 [Chiller |Ww [TBS2 o/ | 125/ INTsAC 43% )|(16/8 D282% | 18.8%|TcoldT due LWR, Twarm! due BS?2

Tecold um 10°C unter Ta=0"C

SotA HP  |AW |[Toutside | 65 | A0 | 75 | 35% | /16/
%

Hvacc40 [HP  |ww [mBs2 V65 10 | 55 | 69% 1 4 170% | 8.5%|Tcold bei Ta=0°C 10°C
SotA Chiller  [WWW Tri'u'er/ 20 7.5 125 33':}’9/ /f?/ Tcold =7,5°C, Twarm=Triver
HVACC 40 |chiller |ww [mBS2” | 20 | 125 | 75 | 43% YV 164 | 120% | 23.9%|Tcold due LWRT, Twarm id.
~76% /// —
=282% o o
=170% ) g
~120% !

The effigiency improvement potential is a direct result of

- The lower T-lift AT=T,,-T, due to the Py hY
uffer storage architecture :+3% per °C cpg o B _ A

* The improvement of n,p resp. ngy due to the
special cooling process with R1234yf

Capacity kW

l , Source: [UBAO7]

he' T

L Fligd * = —

COP,,. = BEOP,, .. + %COP .
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HVACC 4.0. Results #2

Carbon footprint of different technologies

CO2 emissions of different technologies Data source: Oko-Institut
Excel: Misc#18
HVAV 4.0 —i<- --------
Wood ™= :
ST == i Achievable with HVACC 4.0: 689 CO,/kWh
Biomass district grid = -> same level as biomass in district grids
I

Heat pump (Min=WW, max=AVY) emrr——"

-> close to glazed ST-collector
District grid e

1
Gas (heating value) i
1 H
Oil (heating value) |—— i

EIeCtriC (Germany’ m|X) __

1
i

0 :100 200 3¢)O 400 500 600 700
1

[
mMax =Min gGO2 per K\Vh
[
[

I_
i
i
i
i
i
i
i
i
i
i
i
i

v

- 57% for baseline WW-HP: 157g CO,/kWh

Energy saving potential in Germany by switch from combustion to HVACC 4.0 (Baseline = WSV0O95):
» 77% energy saving compared to combustion of oil/gas @ 300 g CO./kg

+ 57% energy saving compared to water-water heat pump @ COP=4,0 for T-Hub 10°C —» 70°C (= worst case)

+ Saving =100 Mio t oil-equivalent resp. 2350 kg CO,/person

« Fulfillment of climate goals 2030 by change over to HVAVV 4.0 for 55% of building stock
« Additionally needed electricity for HP operation i.e. via 15.000 windmills of 6 MW class @ 40% full load
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Summary #1: Business model

“What will be the mainstream in future?”

Technical, economical and ecological:

1. Efficiency first: This is not negotiable (if Rol ok)

2. COP,yia = COP, + NCOP,, due to simultaneous heating & cooling (no VRF)
3. Cost: No boreholes, ice or seasonal storages or PCM, cheap unglazed collectors

Political:

1. E-gas requlation
-> pan of F-gases GWP>750; use of HFO or zeotropic mixtures with 1 digit GWP

2. More stringent requ. on Ecolabel and BAT-Approach (Best Available Technology)
-> phase out air based systems with lower T, 4 , fan & defrosting

3. Funding: Stop discrimination of unglazed ST collectors

Win Win Win:

1. Customers: Homeowners, building operators: Rol, contracting, ...
2. Environment: Fulfillment of climate goals, stop firing HC

3. Grid: Sector Coupling, Electricity ¥, Smart Grid, 5G DGs for H&C
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Summary #2: Requ. on future proof HVAC systems

Does HVACC 4.0 meet the requirements?

Legal & Design goals Cost & efficiency (Technical) Capabilities
Fast market penetration Heating & Cooling v
\/ -> climate goals 2030 (no VRF)
Compliance Acceptable Rol Including PV
\/ F-gas_regulation aven w/o fundina and chilling ‘/
Building Stock
Scalabl < >

Overcome paradigms
v/ Apply Triz — :
Efficiency first
low carbon footprin
System simple P o 0
0 and reliable

A\ 4

100% heat recovery
from used air v

Fulfill future Eco SG ready

design requirements - i
0 Verification via demonstrator g . LT Ht,tc'hl_llness, \/
v/ Expected fulfillment \/ Ctri
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HVACC 4.0
Personal #2:

Thomas Noll, PhD

Entrepreneur & Founder of €A5¥ - TNT - HVACC 4.0 - .
‘ : RN Web site www.easy-tnt.de
easy-tnt « Technische Universitdt Kaiserslautern

Kipfenberg, Bayern, Deutschland » 403 88 under construction

Thinking in systems and consequent application of Triz-methodology offer opportunities to overcome paradigms, I h k f
whichisapr uisite for boosting COP and EER of today’s heat pumps & chillers towards double-digit values. A an yo u Or
"Green Field Approach” opens the door for reduction of carbon footprint from toeday 300 mg CO2 t t70m

COZ per kWh. The solution is HVACC 4.0, patent pending. ‘ o - yo u r atte nti O n

Missions & Visions:
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- Use of future proof refrigerants with G\
- To keep the sy

o fulfi

twith F-gas act.
s and PCM.

| Paris protocol for building secto

o invite first movers for collaboration @ free license.

Efficiency fist is not negotiable!


https://www.linkedin.com/in/thomas-noll-phd-9a30aa120/
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HVACC 4.0

Annex #1: Shortcuts

HVACC modules:

1. PSV: Puffer-Speicher-Vorrichtung (=Buffer Storage Device, including integrated components like HEX, condenser, evaporator, ...)
2. PSK: Puffer-Speicher-Kaskade (=Buffer Storage Cascade, consisting of up to three hydraulically coupled BS)

3. H&C: Heating & Cooling (e.g. via FH/RH and warm/cold medium from PSK or via AC and warm/cold air supplied from BS-sourced HEX)
4. CRS: Central Refrigerant Supply (for consumers of KM as part of KMV) (not described here)

5. KMV: Kalte-Mittel-Verbraucher (=consumers of liquid refrigerant like HPs, chillers, fridges, VRF indoor units,...) (not described here)
6. KV: Kollektor-Vorrichtung (Collector Device) for regenerative charging of PSK with heat or chillness

7. BM: Building Module (for system control and operation, not described here)

System components and other:

AC: Air Conditioning (e.g. via air-liquid or liquid-liquid HEX sourced with warm/cold medium from PSK)

ACPV: Actively Cooled PV-Collector (modified PVT-Collector with additional evaporator for refrigerant)

BS;: Buffer-Storage #i (with defined T-profile T=[T;, Tip], Tia>Tin, 1=1,2,3)

COP/EER: Coefficient of Performance (heat pumps) resp. Energy Efficiency Ratio (chillers and freezers)

DG: District Grid (e.g. 4G for heat 50...60°C or 5G for heat & chillness 10...40°C in combination with HYACC 4.0

DHW: Domestic Hot Water (e.g. produced via BS1-integrated HEX)

DSH: De-Super-Heating (cooling of superheated compressed refrigerant close to condensation temperature)

FH/RH: Floor Heaters resp. Radiator Heaters (for space heating & space cooling)

HEX: Heat Exchanger (either integrated in BS or external like e.g. plate or micro channel heat exchangers)

HFO/HFC: Refrigerants of the groups Hydro-Fluoro-Olefine resp. Hydro-Fluoro-Carbon

HP/CM: Heat Pump (AW=Air-Water, BW=Brine-Water, AA=Air-Air) resp. Cooling Machine like Chillers (either air or water based)
GWP: Global Warming Potential (use regulated in F-Gas regulation)

KM: Kélte-Mittel (=Refrigerant used in HP or CM)

LWR: Leit-Wert-Regler (=device for pressure regulation during evaporation process)

NRC: Nocturial Radiation Cooling (for cooling e.g. BS2 over night)

PVIPVT: Photo Voltaic resp. Photo Voltaic & Thermal

RE: REnewable energies like ST, PV,...

SotA: State of the Art (e.g. HVAC vs. HVACC 4.0)

SCD: Super Cooling Device (for strong subcooling of condensed KM)

SG: Smart Grid (electric, DG for heat and chillness)

SPC: Swimming-Pool-Collector (as e.g. low cost unglazed ST collector for cooling BS2 over night)

ST: Solar Thermal collector for HT (High Temperature), LT (Low Temperature) and ELT (Extra Low Temperature) applications
T /T Twarm €SP Teoq iN cOndenser resp. evaporator of HP/CM

TMD: Temperature-Modification Device (=pair of condenser and evaporator, which may be integrated in BS)

VAF/VRF: Variable Air Elow resp. Variable Refrigerant Elow

WW: Waste Water (heat recovery via HEX sourced with cold medium from BS3)
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