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Source: LinkedIn

Thomas Noll, PhD
Entrepreneur & Founder of €A%¥ - TNT - HVACC 4.0 -
easy-tnt » Technische Universitat Kaiserslautern

Kipfenberg, Bayern, Deutschland = 500+ &2

Thinking in systems and consequent application of Triz-Methodology offer opportunities to overcome
paradigms, which is a prerequisite for boosting COP and EER of today's heat pumps & chillers towards
double-digit values. A "Green Field Approach” opens the door for reduction of carbon footprint from
today 300 mg CO2 to about 70 mg CO2 per kWh. The solution is HVACC 4.0, patent pending.

Missions & Visions:

- Highly efficient water-based refrigerant cycle for simultaneous heating & cocling (no VRF).
- Refrigerants with GWP <10 w/o conflict with F-gas regulation.

- Interface to District Grid 5.0 and Smart Grid 2.0 for demand side control.

- Affordable by aveoiding expensive boreholes, seasonal storages and PCM.

- Suitable for the building stock to replace oil and gas heaters.

- Invitation of first mowvers for collaboration in a research project.

Efficiency fist is not negotiable!

Noll | 10.4.18| page 2


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

soex Jf Avex
Application of PVT 0 45 R

Collectors

Introduction #1

Motivation: There is much more to optimize...

.. but not mentioned:

m » Active PVT cooling

EER up to 60
PVT with Tracker

5G District Grids

'J3 Cooling

Daily storage for H/C as

Source: Epp/Hadorn

“The key issue is how to design optimized and reliable PVT systems,” explained Jean-
Christoph Hadorn, member of the IEA SHC Executive Committee (ExCo) and manager of
Swiss firm Base Consultants.
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http://www.solarthermalworld.org/content/iea-shc-reaching-40-years-global-research-activities
http://www.solarthermalworld.org/content/iea-shc-new-pvt-system-enhancement-research

Introduction #2 Wirmetagung 2017
Megatrend Sector Coupling 21.09.2017 - Kdln

Unser zukiinftiges Energiesystem:
Kopplung der Sektoren Strom-Warme-Verkehr _
Winners of the game:

Heute in 2050
» Heat pumps
: » District Grids
Strom Effizienz

Effizienz

YV YV V

Warmepumpen
Power-to-heat

Ve Chlge  Effizienz
e-Mobilitat

Power-to-gas

=
~ Fraunhofer
IWES Source: [Scl7]

Problem: The renovation-dilemma:

L,Die aktuellen Vollsanierungsédquivalente liegen im Durchschnitt (ber Source: TGA-Fachplaner
die vergangenen Jahre regelmaf3ig im Bereich von 0,8 bis ca. 1,0 %“
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https://www.tga-fachplaner.de/Archiv/Heft-Archiv/article-791336-100248/sanierungsraten-dilemma-.html

Requirements on future proof HVACR systems @

Future Proof = Efficiency 1%t + RE + Int. storage + low GWP. + DSC = HVACC 4.0

Legal & Design Goals Cost & Efficiency Technical Capabilities 0

. HVAC + DH Refri. 4.0
Focus on RE and Fast market penetration — ——
-> Climate goals 2030 (no
H \A

. - /_
Compliance with ~YWAcceptable ST, PV &
F-gas regulation : Rol/TCO / +

Building Stock ™\ \ g —
2 I, s e

Scalable — , 7
C Efficiency first q (?)
Reliable and
Future Eco Design tiers: SG 2.0 read Q
illers & _

easy to control
()] < NI
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Systems Thermal Systems Collectors

HVACC 4.0: Summary Masdar City #1
Thermal management and Refrigeration Cycle

5G DG [EEXe-circuits: Buffer Storage Device with 3 Collector Device

He_ating: Output (S @ D):
» Radiators (W) 8 Unglazed collectors
« DHW (S/W) e.g. PVT 2.0, PVT, SPC
e S: 30...>70°C 8a 8b 8c
W: Touppyy=40°C 9 W: 40...60°C -
S: T,,4,=30°C 9
#1
: _ Input (S @ D&N):
Space heating (W): o
2 i) S:10...30°C 1a 8a/b Unglazed coll. + NRC

FH, WH, Radiators ) o ]
FreSh air (AC) W: 20...40 C W
Daily storage 3 | [EB5%

Unglazed collectors

“Thermally useless|:> /b Output (W @ D &S @ N):
medium” 2 £
for ,thermally - 50, 30°

Space cooling 5: useless medium”
* FH, Radiators

8c

* Fresh air (AC)

Output (W @ D):
ELT-collectors

S: Tyupoy=10°C 9 Input (W @ D):
8c
< W: T,.0,=20°C 9 B3 &= ELT-collectors
Heat recovery (W): 2% 010 2%°Cm 0°C (-20°C)
« Usedair (AC) Ba W (-20) Input (W @ D):
+ Waste water ~ 6b 8a/b Unglazed collectors
AT=20°C9 -+ Subcooling 7a

» De-Superheating 7b S=Summer; W=Winter l1a D

=Day ; N=Night 1b

Noll | 10.4.18| page 6 Source: T. Noll, Abstract Eurosun



ANNEX

HVACC 4.0: Summary Masdar City #2

2-step refrigerant cycle: Disruptive Supercooling (SC)

Cycle: Tin G
4° 1" Evap#1 (no overheating needed): 10
12": Comp#1 (15°C Superheating) 55
22" De-Superheating (via DSH-Device) 41
2“3 Cond#1 (SC 30°C via SCD) 10
272" Comp#2 (15°C Superheating) 85
23" Cond#2 (SC 60°C via SCD) 10
Formulas:
- Qh ins h?_l = )l3, - Tw
Sl ol ol ot e
_Q‘_hl'—h‘}'__ TW
s PV N h2'—h1' = T Tw = Tk
Efficiency improvement potential:
COP/EER fur R1234yf (Fig. 3a
Enthalpie [kJ/kg] Tw/Tk °C
ht' n Tk (PS3) 10
h2' 406 Tw(PS2) a0
(A) h2" 387 Tw(PS1) 70
h2" 424 Freiwerdende Enthalpien
h3', h3", h4' 214 2'->2"; EHS/HGK ->PS1
Py 293 |[scskond.a(hk1h3) [ m )
hys 248 |SCS Xond. 2 (hK2-h3') e
T-Hub Definition Enthalple Definition Tw/Tk
(®) °C EER COP EER cop
1070 2,96 3,96 2,96 3,96
1040 4,49 5,49 4,49 549
n for T-Hub nber. |COP/EER SAT Potenzial
nWP 10...70 69% 134% 45% 54%
(€) [nWP 10...40] 53% ’ 45% 17%
nkKM 10...70 52% 122% 33% 59%
nKM 10.. 40 43% A 33% 32%
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Source: [No17]




HVACE 4.0: Building blocks

Chiller devices and Refrigeration 4.0

CRS-module RFC-module with chiller devices

- m—1 >

Refrigerant:

............... gaseous
________ liquid : -

1
1
: i Fridge : -
EEEEEEES COmprESSE‘d :ﬂ .............. E{]‘ J= Freezer 9 Refrlgeratlon 4'0
4+—— Medium PSK P T i
i Indoor unit
-.q ....... 'k*'\‘il-----i {VRF] . .
o & B HVACC = HVAC + Chilling in general
*.... P | [
d : ! . .
: 5 HVACR = HVAC + Refrigeration
1
1
- e+ Cold water
“_-I:_aggregate
1
H 1
from e i1
condenser 3 CR ! E
i : 1 Ar-
| 1 HEX
1 :I
¥ =+
LRT 3"‘)5
T :L ACPV- Application of PVT
: Collector Collectors

Source: T. Noll: ,A disruptive heat pump and chiller process using R1234yf”
1st IIR International Conference on the Application of HFO Refrigerants, Birmingham, 2.9.-5.9.2018
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Application of PVT
Collectors

HVACC 4.0: Building blocks
PVT 2.0 collector with 8 hybrid functionalities

/ Protecion Legend:

ARRRRRRRRRRRRRRRARNND } PV_aCk Absorber Wlth ContrO”ed by CPU
=} lines for M1/M3 ®&— T-Sensor to CPU
—— Air stream ———  M2: solar liquid

_______ M3: liquid refrigerant

. —— Insulation

I Roof resp. wall of house
(ext. to SotA PVT)
1 H 3 Evap. of excess refr. (M3) (in cold regions) D+N Wi
2 C 2/3 RE cooling utilizing air cooling + NRC effect N Su
3 H 2 Boosting COP by rising T.oq > Tgrine D Wi
4 H 1 DHW-production (T>50°C) D Su+Wi
5 PV 2/3 Maximize PV output by active cooling (M2) D Su
6 H / Preheat outside air for AC D w
7 2/3 Active cooling by evaporation of refrigerant N Su
8 PV 1/2 Max. PV output by evaporation of refrigerant D Su

Source: DualSun
(private picture)

Source: T. Noll: ,Actively Cooled PVT collectors for HVACR applications”

< . . )
Noll | 10.4.18| page 9 1st Expert meeting SHC task 60, Freiburg, 16.5.-18.5.2018
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suc Task 55 | [l ANNEX
Integratlng Large SHC
Systems into DHC
Networks

HVACC 4.0: Requirements

District Grid 5.0 ready

il Houses (prosumer or consumer)
e d Heating (W) & Cooling (S)
SW:65°C [l e SH + DHW S TDGln:lOOC -> SC, ATDG:AT882:15OC
. TMD#1 . —_— [e] _ . —_ —_ [¢]
S/W: 30/40 BSC with two TMDS for W: Tpgin=35°C -> SH; ATyg= ATg5,=35°C

N adjusting Tgs to Tspysc
S/IW: 25/35° TMDB#2
S/W: 10/0°C | Bs2
....... SC

Features:
(chnﬁsgi; stn?mer) « BS2 as transfer station to DG
« Seasonally different temperatures
Unglazed ST or PVT « Heating & Cooling

 Much lower T, compared to 4G DG

Industry, CHP, . .
- Geothermal -> Less insulation effort

il —
m - seasonal storage
M PVT collector fields (with tracker)

Noll | 10.4.18| page 10



ANNEX

HVACC 4.0: Requirements

Smart Grid 2.0 ready

Source: [Br16]

Strompreis [Cent/kWh]
N
w

49,5

soisr @ windOnshore @ wind Offshore @ wasserkrant @ Biomasse StrOmmangel Frequenz [Hz]

Source: Agora

Thermally
useless

Mismatch between demand and supply measured via frequency

Balance indicator regulates price for providers, consumers and prosumers
Real time Demand Side Response (DMS)

Unmatched performance to cost ratio

Thermal storage = virtual power plant @ 50...340 lower cost than electric storage

Noll | 10.4.18| page 11


http://www.vernunftkraft.de/10-tage-im-januar-eine-analyse-im-land/

SHC Task 56

Building Integrated Solar
Envelope Systems

HVACC 4.0: Requirements
Scalability (to Skyscrapers)

Source: A. Morgan
Advantages facade mount: )

* No snow, no stagnation

* Higher efficiency

* Insulation basically “free of cost” g
* More PV and ST power in winter when needed

Strahlungswerte Niirnberg

Wh per m2 and month

Source: T. Noll

Near Zero Energy Buildings (nZEB) seem possible if two
facades are equipped with PVT and windmill on roof.

Source: TGA-Fachplaner

Noll | 10.4.18| page 12


Literatur/TGA_Nullenergiehochhaus.pdf
https://www.linkedin.com/pulse/pv-t-hybrid-solar-separating-fact-from-fiction-anthony-morgan

SHC Task 44

Solar and Heat Pump
Systems

HVACC 4.0: Requirements
Suitability for building stock (radiator heaters)

E

Boostfactor —Y (T RS 15% gas saving with ClimateBooster by
() % o < =) i w— (=] ion .

 — e _ i lowering the supply temperature by 15°C

b -

Source: [Bel7]

Comparison SotA Heat Pumps (HP) and Chillers (Ch) with HVACC 4.0
Case |Technology |Operation |Type |Source| Twarm | Tcoia | AT n | cops| _An
°C “C C % EER | %
la |SotA HP WW  |Brine 65 5 B0 | 45% 1 2.5
1b |HVACC 40 |[HP+CB |WwW |BS2 65 45 | 63% | 52 | 105%
1c |HVACC40 [HP+CB |WW |BS2 50 30 | B9% | 7.5 /-=13%
1d |HVACC40 [HP+CB |ww |BS2 50 25 | 69% | 9.0 j\72%

=]

P ] Pd| M2
Lo}

m

- Saving potential in case of heat pump is between 430:72%
- Is arenovation solution for the building stock at 22gigit €OP w/o insulation feasible?
« Rol<5 years for climate booster confirmed by Henk

Noll | 10.4.18| page 13



HVACC 4.0: Requirements
Some comments on ,,Efficiency First*

How Much Heat Should We Save?

= We should implement heat savings until the
price of sustainable supply is less than the
marginal price of additional savings

4 30-50% N
Cost of
Heat (/ Cost of
Savings Supplying Heat
(€/kWh) _
>
Amount of Savings (%)
\ / Source: [Col4]
EHUERE?;’ESB - It /s "all” about COP..
SUMMIT (....and first cost, maintenance...)  source: [Re17]
EUREKAZC Efficiency First + Renewables + Storage source: [smi7]

Noll | 10.4.18| page 14



HVACC 4.0: Requirements “Acceptable Rol”
Liked ($3$3, efficiency) & Not Liked ($$$, efficiency)

Focus on low temperature heat
? ™~ andlow T,

02

o |
002 001 0 001 002 003 004 005 006 007 008
X=(Tm-Ta)G

Wiarmequelle Gltegrad

Air based HEX‘
n=60...80%

Umgebungsluft D?ﬁ&
Erdwarme {Erdwarmesonden) Nup — 0.45 .
Wasser (Grund-, Fluss-, Seewasser) ' oz [Water based chiller, EER=3,5

iation  Condenser/evapo- BEE Evaporator A
//m2:  rator large surface ‘ Air HP @ COP=3|==___~

Heat}%}‘(chan%‘@r — | *
AR s
[l

Spektrale Bestrahlungsstarke, Wi(m? um)

SCD & nd#1 { ; Y 1 EER +2000/ W ,’
PHH L Jpevd ; 0 i
Nup >70% @ GWP<10 i
Prod t
KJV?Q :bz\:anrme, Solar, etc.
Konsument Se 52 —al_ 'l
Warme-/Kaltebedarf | 1 = 1
«-"é == Thermally
Water based useless
— HEX :
. : o ;
ment “‘" Q l.] |. n>'100 /0‘
irme aus S~ ll 1 \ s X Bosy-online
nergien Warmetauscher -
Kreuzstrom - Luft/Wasser

[ 5G DG Prosument

Verbraucher & Erzeuger


http://www.bosy-online.de/Raumlufttechnik/Waermerueckgewinnung-WRG.htm

HVACC 4.0 Business Model:
20 Mio oil & gas heaters to be replaced in Germany

1. Houses with oil fired boilers: Use od old oil tank as BS2
« Oil tank 8.000I sufficient for AC + active PVT cooling in summer

2. Houses with gas fired boilers: Container solution

Wirme und Strom aus erneuerbaren Energien
ftir Kommunen und Quartiere

Sources: Sunoptimo (ST) MobiHeat (oil fired) Viessmann (CHP)

3. Buildings with high demand of cold (like supermarkets....)
« Utilize HVAC + Refrigeration 2.0 at
« Use flat roof of building for installation of PVT

Source: Bauzeitung

Noll | 10.4.18| page 16


http://www.sunoptimo.com/en/full-large-solar-thermal-kit
https://www.mobiheat.de/
https://www.mobiheat.de/mobile-heizzentralen/mieten/mobile-heizcontainer/
https://www.viessmann.de/de/kommunen/heizcontainer.html
https://www.db-bauzeitung.de/db-themen/db-archiv/der-superlativ-ist-relativ/

SHC Task 60 '

Application of PVT
Collectors

HVACC 4.0

Next steps

Project application H2020 via SME instrument

* Phase 1: Feasibility study of concept (storage, collectors,...)
(not needed for ME and SE countries)

 Phase 2: Validation via demonstrators
Companies are welcome for collaboration

Thank you for your attention

Noll | 10.4.18| page 17
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HVAVV 4.0
Backup slides
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Task =3 4«
Backup

Difference to SHC task 53

|70
A

photovoltaic
O § system
electricity

solar thermal

O — system
I\

q

heat

Electrically driven
cooling system /
air-conditioning

system

Thermally driven
cooling system /

air-conditioning
system

chilled water

—ip-

and /or

q

conditioned air

chilled water

q

and / or

—_—

conditioned air

Solar [EEXIse
k4chilling

/s

heating circuits

@ chilled water

Daily storage
with thermally
useless medium

Input for

and [ or

*

conditioned air
ﬁ HP2]

Cold water

Input for

’ unglazed collectors

Source: Spirig

Arno A, Evers

=3 - . . - - -
Retired, but not getting tired to create a new energy infrastructure; form...

saw some photovoltaic installaticns
full of zand in th UAE recently, too

Questions:

Noll | 10.4.18| page 20

Source: [Nol17]

* Is PV the right concept for ME countries?

+ What’s the Rol of PV-solar cooling
compared to PVT solar cooling over night
@ EER up to 60?



https://www.linkedin.com/feed/update/urn:li:activity:6387962523349549056/?commentUrn=urn:li:comment:(activity:6387962523349549056,6388893485721747456)

Backup
VRF-Technology: Separating facts from fiction

« Strongly promoted as ,,The future HVAC-technology*. _VRF System Market worth

« Simultaneous H&C @ HP only in case of Classic VRF - with ~ 22.79 Billion USD by 2023
usually >> 3kg R404A/R410A - and use of indoor units. . e

* No simultaneous H&C @ HP in case of water based systems, s \‘_
only “toggling source and sink” between “Hydrobox” and S

“outdoor device”.
 Simultaneous Hj<C @ consumers only in case of additional
hot & cold BS serving circuits for space heaters & coolers.
* Mainly air baged|systems ->high T, and low T,.
* Not suitable for DHW.
x¢ess heat/chillness in BS, but in
contrast to HYACC 4.0 release to environment.

Source: Bauherrenwissen

Source: Yanmar

Source: van der Hoff/TripleAgqua
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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

Material & Components
for Thermal Energy

Storage

Backup
Storage cost

zz Heat Roadmap Europe

2050

Storage Costs

= Electricity = €170/kWh L

=Thermal = €0.5-3/kWh

EUROHEAT - . P
Ouiar e ECOFYS PlarEneg) &

Source: [Col4]

Thermal storage is
50...340 times lower cost

Noll | 10.4.18| page 22

Implications for HYACC 4.0:

* Replace big central storage by
many ,,small“ storages like
redesigned oil tanks

» Decentralized concept ahead of
centralized (similar to electric grid)

Solar chiller
system Hot
chilled water
l —_—
O Thermally ke
‘ useless e
Soureed|Gad air

PVT-collectors

{=

Source: [Nol17]



Backup
Heat Exchanger for Air Conditioning

Source: Energie-Sparen-im-Haushalt.de

Liftungsgerat mit Warmerlckgewinnung

/ m | - | ) Abluft

Typical: n,=60...70% (CO2 Online)
Optimal: Npe=91% (Inventer)

Schema-Rekuperator

Fortluft Platten-
warmetauscher .
Source: bosy-online
Zuluft-Noch- Liiftungsanlage: Kosten/Einbau
Eine energieeffiziente LOftungsanlage kostet 40-60 €'m2 Wohnflache. Bei einem Einfamilienhaus mit
Warmwasserbereitung erfolgt 120 m* macht das 4.800-7.200 €. Im Altbau muss man schon bereit sein, die Decken um ca. 15 cm
unabhéngig vom Liiftungsgerat abzuhangen. Mur dann ist ein nachtraglicher Einbau méglich.

in einem getrennten Sysfem Zentrale Abluftanlagen ohne Warmeriic kgewinnung kosten 25-45 €/m2 Wehnflache (Angaben sind

Richtwerte chne Gewahr).

~ Jnusen- Hier konnte z.B. erwarmte Luft aus einem PVT 2.0-Kollektor einstrémen

luft

Erdwarmetauscher

Implementation of air conditioning as VAF in HVACC 4.0 via VAF:

* Summer: Use of cold water from BS; in HE mode “RKA1”
-> cooling of hot outsjide air

* Winter: Use of cold water from BS; in HE mode “WRL”
-> Heat recovery from used warm inside air (>100% in case Tggs<T,,,)

+ Example SotA: Tinsout, prim=20/-10°C -> Tj /04, sec=2/5°C (best case)
-> additional electrig heating necessary
« Example HVACC 4.0: Ty ,im=20/-20°C -> Ty 5,=-18/+18°C + heating BS; R e v
-> energy stays in system. Kreuzstrom - Luft/Wasser
« Heating fresh outside air decoupled via 2"¥ HE “RKA2” served from BS,

Bosy-online

Source: bosy-online
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http://www.energiesparen-im-haushalt.de/energie/bauen-und-modernisieren/hausbau-regenerative-energie/energiebewusst-bauen-wohnen/emission-alternative-heizung/lueftungsanlage.html
http://www.co2online.de/energie-sparen/heizenergie-sparen/lueften-lueftungsanlagen-fenster/lueftungstechnik-lueftungssysteme/
http://www.inventer.de/produkte/lueftungsgeraete/
http://www.bosy-online.de/Raumlufttechnik/Waermerueckgewinnung-WRG.htm
http://www.bosy-online.de/Waermetauscher-.htm
http://www.bosy-online.de/Raumlufttechnik/Waermerueckgewinnung-WRG.htm

Backup
New efficiency limits for condensing units

Low capacities (0.2-5 kW) the minimum COP allowed for medium-temperature condensing units will increase from 1.2 to 1.4 (for capacities from 0.2
to 1 kW), This means a 14% increase. For higher capacities (up to 5 kW) the increase from the 2016 levels will be 13% (from 1.4 1o 1.6).
If the condensing unit is designed to operate at low temperature, the increase will be 6% for low capacities (from 0.7% to 0.8) and 11% (from 085 1o

0.95) for capacities in the range 0.4-2 KW,

1.8

16 Source: [Cal6]
4 1.4 14
1.9 I..'-'JI
(=9
E ] 0.95
E | 0.8
IR L - = = = = = . .
3
g U8 - —
E 075
£ 0.6 i
= = = = Medium T: July 2016
{.4 — Medium T: July 2018
. Loww T: July 2014
0.2 Low T: July 2018

1 ] ] 1 C

Rated cooling capacity (kW)

Potential HVAVC 4.0: very high due to strong subcooling with big potential for supermarkets
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Backup
PVT-Tracker

Premiere: res-PV++ Kombimodule auf Tracker installiert!

Source: res-energy
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res-energie.de/premiere-res-pv-kombimodule-auf-tracker-installiert/

SHC Task 60

Application of PVT
Collectors

Tosk 53 &

Backup

NRC-Effect (Nocturial Radiation Cooling)
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Atmospharische Gegenstrahlung, T=288 K
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Source: Wikipedia

Gemessene und modellierte Gegenstrahlungswerte, 6. Oktober 2005
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http://www.gerd-pfeffer.de/atm_strahlg.html
https://de.m.wikipedia.org/wiki/Atmosphärische_Gegenstrahlung?wprov=sfla1
http://www.gerd-pfeffer.de/atm_strahlg.html
https://de.m.wikipedia.org/wiki/Atmosphärische_Gegenstrahlung?wprov=sfla1
http://www.gerd-pfeffer.de/atm_strahlg.html
https://de.wikipedia.org/wiki/Treibhauseffekt#/media/File:Atmosph%C3%A4rische_Durchl%C3%A4ssigkeit_DE.svg
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Collectors

Backup

Solar cooling with unglazed collectors
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Figure 4. Comparison of the cooling obtained by the PV/T and the unglazed collector per night,
from 12/08/2014 to 25/08/2014 (the energy 1s an average of the outputs of the three adopted
method; the supply water temperature at the beginning of the might 15 averaged from 19:00 until
20:00; the outside air and plane radiant temperatures are averaged from 20:30 tall 7:00am).

In order to analyze the efficiency of the system, the coefficient of performance (COP) is used. The COP is the ratio of the
cooling energy obtained by the energy used by the pump. The circulation pump had an average power of 8 W, which
consumes 96 Wh during a night of 12 hours. The COP has been obtained based on the total cooling energy produced by
PVIT and unglazed panels since one pump was used to supply both of them. COP range is from 19...59
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Integrating Large SHC
Systems into DHC

Networks

Backup
4G DGs (District Grids)
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4th Generation District Heating
technological Systems are defined
as a coherent technological and
institutional system, which by use
of district heating smart grids helps
a suitable implementation of
renewable energy systems by
providing for heat supply of low-
energy-buildings with low grid
losses in a way in which the use of
low temperature heat sources are
integrated with the operation of
electricity and gas smart grids.
The concept involves the
development of an institutional and
organizational framework to
facilitate suitable cost and
motivation structures.

Source: [Lul4]



