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— Empowering businesses to be more sustainable with high
performance thermal energy storage solutions
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What is Carbon Neutrality?

Referring to something as carbon neutral means the greenhouse gas (GHG)
emissions associated with:that entity, produictor. activity are net zero.

Scientific consensus states that global GHG emissions must be reduced by 80% by 2050 to avoid a
temperature rise of more than 2 degrees Celsius and the most severe impacts of climate change.

MER—HOAA, F20505F , EIBEESEHEMEX R 80% , LUk 2SR BT 2#EREFSIES ARSI,

Source: https://hub.naturalcapitalpartners.com/certify/what-is-carbon-neutrality
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CO. mitigation curves: 1.5°C

Constant emissions
for nine years will

use up the remaining
carbon budget

mitigation rates
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Starting mitigation in 2019
will require monumental

Since such steep
mitigation is
impossible, the only
way to achieve this
budget is with very
large "negative"
emissions: pulling CO,
out of the atmosphere.
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Starting mitigation
in 2000 would have
required a mitigation
rate of about 4%/yr

For a >66% chance

of staying below 1.5°C.

Remaining budget:
420 GtCOQ..

Mitigation curves after
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Raupach et al. 2014.
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Renewable energy milestones R

2000 I

First large-scale

Germany introduces Energy for the future:

Directive on electricity *E an gﬁgﬁ*
first feed-in-tarif for renewable sources of offshore wind farm production from
renewables energy: indicative EU (Denmark) renewables: national
target of 12% indicative targets
renewables bv 2010

2009

(P r——
Olmedilla Photovoltaic park

(Spain) - largest power plant and renewable fuels
(60MW) in the world -

for transport: national
generates enough to power targets for biofuels
40 000 homes/year

fﬁzom | 2018  ABR| 2019
© =

A N ERRFmMAE
Onshore wind is Revised Renewable

EU power production
cheaper than coal, Energy Directive: from wind and solar
gas and nuclear 32% renewables

surpass coal for the
energy target for 2030 first time

v
2008 frRiey =
Renewable Energy Directive:
EU target of 20%
renewables by 2020 and
national binding targets

Directive on biofuels
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Analysis: UK is now halfway to ik

meeting its net-zero emissions’ -
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Introduction to Phase-Change Materials
5|5 THEME

* Joseph Black’s discovery of latent heat in 1761 at the University of B2 ch TR

Edinburgh TR
o NBXRMHERTI761FEE T EXRFERIN T BRI

“And this very phenomenon is partly the foundation of the
opinion | have proposed; for if we examine what happens, we HETEREAR
may perceive that a great quantity of heat enters the melting ice,
to form the water into which it is changed, and that the length of
time necessary for the collection of so much heat from the
surrounding bodies, is the reason of the slowness with which the
ice is liquefied.”
* Phase-change materials (PCMs) store heat and cool as latent heat

- HEEMENSHRESSSEEABARR,
- absorbed on melting BIMYATIRIZ (FAE)
- released on freezing MERIHE (GLE)

= REAIE
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1762

Joseph Black becomes
the first person to describe
latent heat, marking the
beginning of the study of
thermodynamics.

1948

The Dover Sun House,
designed by Maria Telkes
to showcase the power of
solar energy, includes a
prototype of a PCM heat
battery. The system fails
after 3 years of successful
operation due to instability
of the PCM.

2006

Concerned about climate
change and fuel poverty,
Andrew Bissell creates
Sunamp to reduce our
reliance on fossil-powered
heat and drive down

fuel costs for everyone
and files a first patent
application.

l,

2010

Sunamp begins
coliaboration with the
University of Edinburgh
School of Chemistry to
advance its new thermal
storage technology and
quickly achieves the
breakthrough that would
have made the Telkes
prototype reliable.

2013

The first Sunamp heat
battery Is Installed in
an Edinburgh home.
Heated by a heat pump
the system delivers
significant savings over
the existing gas boller
to this day.

2016

Scottish Government
funds EastHeat, the largest
residential heat storage
project in Europe, which
saw Sunamp heat batteries
Installed in 650 homes,
marking the beginning

of mass production at
Sunamp's factory.

B AR

2018

Sunamp launches the
UniQ range of super
compact heat batteries, the
company's 3rd generation
of phase change thermal
storage units.

B 1 B TR RAR T AR
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2019

Sunamp becomes the first
heat battery manufacturer
in the world to be awarded
A Grade RAL Certification,
the independent quality
mark and only global
standard for Phase Change
Materials (PCM) and

PCM products.

2020

The 10,000th heat battery is
dispatched from Sunamp's
factory in Scotland and the
company's UK order book
grows 67-fold in one year,
despite economic disruption
caused by the global
pandemic.

The Future

Suna_mp_

tianyue.li@sunamp.com
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Quick and easy to install, with >
high quality brass push fit
connectors supplied

Single and dual circuit
models work with any energy
source (electricity, PV, heat
pumps and boilers)

Flexibility of orientation,
with exits on three sides
of the product

Simple user interface
shows heat battery state of
charge and operation

EFAE SIS

High powered heat
exchanger for high quality,
mains pressure showers

] ! W’/ Embedded heating

40ft 1SO standard shipping container element with 10 year
Warranty asa primary

20ft 1O standard shipping container

with single stack / kWh per 20ft container with single stack / kWh per 40ft container o
working side by side UNIQ8O (kwh) working side by side  UNIQ8O (kwh) heat source or back-up Sunamp’s patented phase change

= = material formulation — storing 4 x
a 8 90 720 9 18 90 1620
more energy than water

90kWh with SU58

tianyue.li@sunamp.com
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Sunamp Ltd
1 Satellite Park, Macmerry, East Lothian, EH33 1RY
United Kingdom

the Quality Mark PCM for the products

SU58 UniQ3 thermal stores (UniQ HW3/UniQ HEAT3)

SU58 UniQ6 thermal stores (UniQ HW6/UniQ HEAT6)

SU58 UniQ9 thermal stores (UniQ HW9/UniQ HEAT9)
SU58 UniQ12 thermal stores (UniQ HW12/UniQ HEAT12)

RAL| |RAL

QUALITY MARK GUTEZEICHEN

e ilie

PHASE CHANGE MATERIAL PHASE CHANGE MATERIAL

achieved cycling category:
A

(2 10.000 cycles)

RAL-PCM Sunamp_

RALTEE F 8 {RIE SN 5 T 7E 2006 5F & fn FE A £ BRSEE N Ak 9@
SLHEPCM™= @I E—MrE. ZERIK, RALIAEAPCMA] AR
KHEAGE M iR BN E S PR ERN EZON . KEIDIK,
SunampBfEZ N SLE, BEiIFBERSIHIT IR
10,0003k X £, DUERR#RIAS M REKEAEREm. ZIBEBIA T EERA
1E, Sunamp UniQZ&R % /= & B & 5 A8 13 46,000/ FE i F#V1&E
IREHNIRK, FTRERR/)N, MRee9%ESF H504FE.

Sunamp

Heat Batteries” ‘ung -

) uNniae bk

Sware_

E EREpImE
The mark is recognized by RAL Deutsches Institut fir Gitesicherung und Kennzeichnung e.V. ' AANY ~

and protected by registration at the German Patent and Trademark Office as a collective mark.

Quality Association PCM
Stuttgart, 13 December 2019

femet FmsS— yz -

Chairperson Managing Director

UNIQ RIEXEE KR

tianyue.li@sunamp.com
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QUALITY ASSURED
kS
E r P A+ « 1SO 9001:2015 - Quality Management ﬁﬁp’;ﬂ*}”&*/’ﬂ
« 1SO 14001:2015 - Environmental Managemen

« OSHAS 18001:2007 - Health & Safety
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The new ErP labels will look like this:

o gpo —ﬁ— A
_— ENERG 38 | [N S———— - ENERG 8O products fully certificated for the UK HTERRFEA
or supplier's facur or supplier's model eHeprwA - evepyeia
- i | - fully LVD and EMC compliant
@ e Dor;;_es_tichogwac;(er _
= = comii ot T G - conform to standards set out by the Water
;s==% [c 4
o @[, reaiing Regulation Advisory Scheme (WRAS)
e T3 « CE marked
Q%GONFO,%”/
31w 1 SVGW
o000 AR P
- YL will  SSIGE ERRGITE
5 212, B+SVOWIAE BHAS Ak TIRBSS
> . ACSEAE DA, £BE SVGWESHEMA TR WS REZR,
== (Academia constiintei de sine) GBI EEERANERARTERSZS
4
WRA§“°§3 _kiwall o
- “ = - pRO® - Kiwa certificate (Netherlands)
= = = KIASEE M WRAS) 2HEEIK TUIA

KIWA GASTEC — UM R ERSZ EIA

SEEHR. AP SR T Sk AL

REEMI999RIEBIEER,
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(WRAS)

QUALITY ASSURED

« ISO 9001:2015 — Quality Management

* ISO 14001:2015 — Environmental
Management

« OSHAS 18001:2007 — Health & Safety
products fully certificated for the UK

* CE marked

RAL
Quality

Association
P AA

2 E| RAL-PCMA|AG A B AL
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rgy of Sunamp test Cell c070

Mains temperature water input at 10 litres per minute, energy with output a

Rate of decay = 2.5 mW-hrs/cycle
25 W-hrs/10,000 cycles
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Cool, Heat and/or Hot Water
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Action for Warm Homes
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Name Dates Funder Partners Type # Heat Pump Heat Battery
Advanced Heat 2013 - o Sunamp
Heat P + Heat Batt 7 Daikin Alth HT Split
STDTEIEE 2019 a_ - € ump eat battery afkin rerna P Stack _ﬁ— ﬁb ~
REBERAR
0 H 2016- Heat Pump + Heat Battery vs Infrared Heating vs g Daikin Alth HT Solit Sunamp *E X e
=08Q Homes 2018 Hybrid Heat Pump atn erma Pl Stack
tl -
Loy 2015- Scottish amres PU.+ Heat I.?'E.'ttew g H?t Water 5u.nf|mpF"u‘
EastHeat 2019 Government Grid Electricity -» Heating + Hot Water 650 n/a Ministack
elha.com Heat Pump + Heat Battery -= District Heating Sunamp 100i -
=7 ;f#‘,
Heatzh 2019 Scottish Power Smart Grid -> Heat Pump + Gas Boiler + Heat Battery -» 36+ g R32 UniQ ﬁﬁ% 113 5?&
REALNALE Energy Networks ~ PSSVSYSTEME  District Heating amsung {distributed) ;jt% % F‘- m
N\ 2N —, i
SMILE 2017- Europe-an. Multiple Excess local w-lnd electricity -» Smart Grid -» Heat ~30 Daikin Altherma HT Split UniQ
2020 Commission Pump + Electric Heat Battery TR (stacked)
2018- =T energy . .
BEIS — Zero Carbon 2020 UK Government e Smart.Gnd -» Heat Pump + PCM 5U 43 Heat Battery + 2 Mitsubishi Heat Pump UniQ
Homes Electric Heat Battery (5U43)
KALUZA
Towers* 2019- Gentc:.o I.-Iousmg gentoo Shared ground loop -» Ground Source Heat Pump + 164 Kensa Heat Pump Ur.ng.
2020 Association enGie Heat Battery per apartment (distributed)
WHHA +
2018- . west . Panasonic Aguarea HT UniQ
WHHA* 2020 Scottish highland Economy Off-Peak Tariff - Heat Pump + Heat Battery 145 Monublockww (stacked)
Government fousing
2020- P energy
BEIS — Electrificati o Heat P + Heat Batteri Heat P + Cylind Uni
ectrification 2022 UK Government € . ump + neat Batteries vs neat fump +Lylindervs =75 Various, incl. Altherma 3H HT “‘D”I“g'
of Heat . Hybrid Heat Pump Rt (warious)
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Reversible heat pump
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DC elec.

Sunamp Heat BaﬁM
Y_E/K HZOZOEééHea’MCOOlIﬁEEP ‘ o
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%\f : iﬁ/n\/\\\7E + %Abl\j\-&\}m/ \zﬁ)\ = ~
2?6 K Be ? S VAY ﬁ’iEP*uEIK;}H
HE: 3644 IR

WMRAG: AL
vy HEEREA
Kensa#\ZZ + UniQ 6 (7 kwh E#E 1)
BRRCHE 29 4200f/4 (-70% )

HNIREES : 308 x 3 kW +56 x 6 kW ( 1.26 MW )

TFERE: 364 x9kWh (3.28 MWh )

hnFRilE: EERIH AR RRIENRIR (Kensa Shoebox 24515 B
) MEBEHE ( Sunamp UniQ)) »

PERINGRE: ZEINESSC , FitFeHAEe5°C.

HAY:
TRERAE, REFER, XEBRRR, ReEREME
B
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Situation

The property is a 2 bedroom, semi-detached family bungalow off the gas grid.
The tenants are a family consisting of two younger girls. Each night both the
girls receive a bath and this consumes a lot of hot water and limits hot water
available for use on other things.

Heat Battery Solution

A > 4kWp Solar PV array was installed, enabling the tenants to benefit from
free electricity generated during the day. The Power Diverter self-consumption
device monitors the generation, and diverts any excess solar generation to 2
SunampPV heat batteries. This then provides hot water even when there is
no generation at night. As high water users 2 SunampPV batteries were
installed as the family use a great deal of hot water. They were placed side by
side in the airing cupboard, still significantly smaller than a water tank and
cupboard. (Space is of value and an issue in every house.)

BAERZIEIIE . EASTHEAT

Comments

“Our hot water is plentiful, comes out of the taps
quickly and is an excellent temperature”

2 SunampPVs installed side by side

tianyue.li@sunamp.com
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() Table 3: Property Count by Heating type / Solar PV ﬁﬁ q:] %u Bﬁ:}ﬂ
o K Id /
- Bafore Afie pta with I—I .
e T el | R
Q Gas boiler+ HW 3 D.H. =
o 5 buffer tank = indirect heat -
0o Q = bgﬁ (Q% ° GQ) () D.H. direct feed  exchanger
INDEAGN
{ Y-
(A ) © @ @ Electric CHP+ASHP+ A X
: (A) ; H. ar~
(#] % , t btk Night Elfa(:tn:c c;;ftgrl:fft indirect heat - Newcarron Court (CRE} 28 phase 2 *E X g ﬁlé&*
’ %0%5 Storage D.H. direct feed exchanger
Gas boiler = I:)JC[;.lTI.E;}t
D.H. direct feed batteries
Table 2: EastHeat Property Count, by Heating Type & Solar PV m salisbury View [€7€) 40 27 I% &%‘?ﬂ _5 ﬁ
. . . 114
Heating type: Solar PV: ) ; Harrismith Place (°R%) ;"
District - Unchanged " Lauderdale House (cre] 37 e ?\\\ %\ 3Ji m
Elec. Gas Heating Yes No -- | Total Electric
Night Bankfoot (®H4)
Flat | . 164 3 68 235 17 216 2 235 - Storage Unchanged PV | Manse View () 19 3
Bungalow - Mid-terrace 31 31 31 31 Electric Heat Batt Mansefield ()
Bungalow - End-terrace 1 18 19 18 1 19 Tank cat Battery
Bungalow - Semi-detached 28 28 28 28 wet Wet Electric + Balfour Court (€°)
Bungalow - Detached 6 6 6 6 E3 ELEEEC £10 + Heat - Hunterfield Terrace (%8 112 27
House 102 102 102 102 eter Battery (“Mini- Ross Glen Court (<*8)
House - Mid-terrace 4 62 66 66 66 ﬂ stack”) PV Osborne Court (EHa] 16 4
House - End-terrace 2 42 44 44 44
House - Semi-detached 13 73 86 86 g6 Gas Gas Heat Battery . ¥
House - Detached 2 5 2 5 = Ccombi | Combi Unchanged (pre-feed = PV Various 371 133
5 1 6 4 2 6 gas combi)
- T 1 T ju
Total 184 372 68 1 625 404 217 4 625 - Other HeatBattery  *  * 2 . &E% % ] ﬁ
= 1= | TRl
Total properties | properties B b
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Target: a fully tested high-energy density, high-power \ | " AR
density thermal storage unit for refrigeration processes.

How: use of high energy density phase change materials
with high power density heat exchangers.

ALEREA

Benefits:

- compact: 3 times smaller than water/glycol storage;
- high Power: < 20 min charge / discharge time;

- easy to retrofit system;

Services:

- buffer thermal generation and demand;

- stabilize temperature precisely;

- reduce chiller capacity (storage for peaks);
- maximize self-consumption of renewables;
- minimize electricity (energy/power) bill;

EFAE SIS

Time: 2 years from October 2018.

tianyue.li@sunamp.com
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Pilot 3: Chorzow, Poland

Building characteristics
* 4 Floors, 12 apartments
* 998 m?

* 60 tenants
Retrofitting project components:

DC Heat
Pump PV Panels

q
N\ Residential Demo Cases -
@ 1

-
S

h

' * 30tenants
- Retrofitting project components:
PCM Storage e , m

Pilot 2: Valencia, Spain
Building characteristics

* 4 Floors, 12 apartments
« 610m?

Mto

Pilot 1: Sofia, Bulgaria
Building characteristics

* 564 m? (336 m2)

* 4Floors

* 11 tenants (4 apartments)
Retrofitting projects components: :""‘ —————

. ¥ §._

Heat Pump

Alr to water

— s

PV Panels
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SMART GRID

Wind Power Plant

Hydro Power Generation
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Energy Management System

Geothermal Energy

Thermal Power Plant Electric Vehicle
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Empowering Communities

SUNAMP, Rina Consulti ng S, p A., Aalborg Universitet, Associacao Comercial Eindustrial Do Funchal __

DEMAND SMART GRID STORAGE & ENERGY
RESPONSE FUNCTIONALITIES SYSTEM INTEGRATION

The technological solutions vary from the integration of battery technologles power to heat, power
to fuel, pumped hydro, electric vehicles, electricity stored on board of boats, aggregator approach
to demand site management (DSM) to predictive algorithms.

AT
IR RIS

X

XX

%
o

02

tianyue.li@sunamp.com

Tk F 0 B
TR

ALEREA

EREMHIE



RENAISSANCE o] F5 4 627

DEMONSTRATOR SITE
Ski village
resort

MANZANEDA, ES

@ Renaissance

DEMONSTRATOR SITE

Health
university
campus
VRIJE . .
m gg{l}\gggﬁnm Aws 1 ke r]an 0 deepblue 4 circe
éﬁ?ﬁ} 55 cerTH
— (&) BAX & COMPANY/
@ oca NCALY  WELLAS

sdnk
elektro

DEMONSTRATOR SITE
Suburban
municipality

EEMNES, NL

DEMONSTRATOR SITE

Student
community
campus
KIMMERIA, EL

ABE Sunamp_

@NAPE |

R

What do we need to operate smart contract?

Interface manual/automatic

Y=

Producer

st Interfaw 6

Consumer

Offers

This project has received funding from European
research and innovation programme grant agreemen

SOCIAL ENERGY SUPPLY: MAIN GRID

‘CONDITIONS AND RULES

Energy Origin:
15EC

STUDENT A

STUDENT A:
Ema cumumod

ROkWh DUTH
40kWh XANTHI
20kWh GRID
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Blockchain &
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Union's Horizon 2020
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@ Renaissance
Subgrid#1: Greek - Solar thermal-biomass
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This project has received funding from European Union's Horizon 2020
research and innovation programme grant agreement No 824342
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* 11ransformation

centres
* 5,96 MVA installed
* 290 costumers
* Residential, terciary
{ and industrial uses
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This project has received funding from European Union's Horizon 2020
research and innovation programme grant agreement No 824342
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Overview Residential Commercial & Industrial Automotive Contact
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A Journey of 1deas,
on and Change
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