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Introduction ,,Solar thermal heat for industrial
processes"

Motivation and potentials
Assessment methodology for solar thermal integration
Classification of integration concepts

Process heat collectors

Concepts and experiences with installed systems
Introduction to the project ,,SolarBrew"

State of the project and introduction to the three
demonstration sites

= Brewery Goess, Austria (Mashing)
= Brewery Valencia, Spain (Pasteurizing)

= Malting Plant Vialonga, Portugal (Drying)
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Why solar thermal heat in industry?
- Industry sector is second largest energy consumer
- Predominant share of industrial energy demand is heat (57% in 2010) @
different temperature levels
Final energy consumption EU 28 2011, by
sector: 12.654 TWh
3,5% . C .
Final energy consumption in industry EU
‘ 28 2011, by fuel
M Industry
B Transport 71% 5,3%
Residential ’
24,8% 12,7% Solid fuels
M Services
Oil products
m Other 11,3%
Gases
31,4% Electricity
Renewable energies
data source: Eurostat 2013 (online data code: ) 32,2% = Derived Heat

data source:


http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=nrg_100a&lang=en
http://epp.eurostat.ec.europa.eu/tgm/refreshTableAction.do?tab=table&plugin=1&pcode=tsdpc320&language=en
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Why solar thermal heat in industry?

- 30% of heat needed @ temperatures <100°C - suitable for non-
concentrating solar thermal technology

- 28% of heat needed @ temperatures between 100 and 400°C >
suitable for concentrating solar thermal technology

Industrial final heat demand by
temperature in the EU 2010

000 Industrial final heat demand by
'900 temperature in the EU 2010 and 2050
= 800
3 700
£ 600 I High temperature heat
> o
& 500 (>400°C)
S 400 B Medium temperature 1 High temperature heat
T 300 heat (100°C-400°C) (>400°C)
T 200 H Low temperature heat B Medium temperature
100 (<100°C) heat (100°C-400°C)
0 B Low temperature heat
Low temp Medium High temp (<100°C)
industries  temp industries
industries

data source: IEA ETP 2012

2010 2050

data source: IEA ETP 2012
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Sector
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Process temperature levels of various industrial processes

Process

20
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Temperature (C)
100 120
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200

Several
sectors

Make-up water
Preheating
Washing

Chemicals

Biochemical react.
Distillation
Compression
Cooking
Thickening

Food
& beverages

Blanching
Scalding
Evaporating
Cooking
Pasteurisation
Smoking
Cleaning
Sterilisation
Tempering
Drying
Washing

Paper

Bleaching
Mo _leliio—
weE-iRing

Cooking
Drying

Fabricated
metal

Pickling
Chromatiing
Degreasing
Electroplating
Phosphating
Purging
Drying

Rubber
& plastic

Drying
Preheating

Machinery
& equipment

Surface treatment
Cleaning

Textiles

Bleaching
Coloring
Drying
Washing

Wood

Steaming
Pickling
Compression
Cooking
Drying

Source: IEA SHC Task 49/1V 2013

Final energy consumption, by
industrial sector, EU-28 [TWh]

Non-ferrous...

Machinery

Food and tobacco

Paper, pulp and...

Non-metallic...

Other

Iron and steel

Chemical and...

150 300 450 600

750

data source: Eurostat

2013 (online data code:



http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=nrg_100a&lang=en
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Solar thermal collectors and design temperatures

«Large» Parabolic Troughs and
Fresnel Collectors

o | «Small» Parabolic Trough and Fresnel Collectors
120-250 °C High Vacuum Flat Plate Collectors
(Advanced) Evacuated Tube Collectors

- T T EEEEEEEEAN
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Design Temperature

\___________

80-120 °C Evacuated tube Collectors, Advanced Flat Plate Collectors
CPC Collectors

<80°C  Standard Flat Plate Collectors

. 4
- Uncovered Collectors
Concentration Factor
1 2 20 80
Elimar Frank, SPF Research Director RHC Workshop Solar Process Heat - Brussels, March 15 2003 9



TYPE

Standard flat plate
collectors

Advanced flat plate
collector (vacuum
filled, multiple
covers, etc.)

Evacuated tubular

collector
Source: Ritter Solar XL Parabolic trough
collectors

Fresnel collectors

Process heat collectors

SKETCH (cross-section)

___————Glasabdeckung

———&hsatherblech

(@] J ) ) L) ————Kupferrohr

T Warmedammung

————Glasabdedckung

————&bsorherblech

J J ) (@) L) —————Kupferrohr

T Warmedammung

__———— Glashiillrohr
7 - _— ____——Kupferohr
‘O_O O_O :OQ--k __— #bsorberblech
S g N ""‘—'__:_—-v'“ Refiektor

__—— Glasabdeckung

[~ - ___———Glashilllrchr

o) ' , ——— — Receiverrohr
——— Reflektor

solare Einstrahlung Reflektor

Glashuliohr
Receiverrohr

Fresnel Kollektor
(Primarspiegel)

AEE INTEC

Design
temperature

20 -80°C

60 -120°C
up to 160°C

60 - 120 °C
up to 160 °C

120 - 250 °C
up to 400 °C

120 - 250 °C
up to 400 °C


http://sopogy.com/
http://www.schema-electrique.be/fresnel.jpg
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Energy audit on-site (basic data
acquisition, company visit)

Assessment of production times and still-
stands (daily, weekly, annually)

Analysis of heat supply and evaluation of
representative load profiles

Identifying process optimization and
energy efficiency measures

Survey of available areas (ground or roof)
for solar thermal system installation

Selection of solar thermal integration point
and hydraulic integration concept

Detail engineering of the solar thermal
system

'\J_ S OLAR.

UNI-KASSEL.DE

Estimation of overall efficiency

Yearly production and product range
Fuel consumption

Assessment of production times

Brewing and filling times
Production times other processes

Analysis of heat supply

Technical data of installations
Load curves of consumed fuels

Checking heat recovery measures

Used technology for wort boiling
Air compressors and chillers

Survey of available areas

Site plan
Structural analysis

Selection of integration point

Load profil of selected process
Technical specifications of installations

Source: IEA SHC Task 49/ 1V 2013/ B. Schmitt
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Classification of integration concepts
- Option 1: Integration on supply level

= “easy” hydraulic system integration

= solar supply temperature > process temperature

0

Burner

Flow 130°C

Return 110°C

UNI-KASSEL.DE

Hot water for cleaning 50 °C

85°C 110 °C

Process A Process B é
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Classification of integration concepts

Option 2: Integration on process level

= “complex” hydraulic system integration

02

Burner

= solar supply temperature X process temperature

Flow 130°C

Return 110°C

Process A

85°C

Process B
110 °C

Hot water for cleaning 50 °C

AEE INTEC
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Classification of integration concepts
- Possible integration points for solar process heat applications

A) Integration on Supply Level

B) Integration on Process Level

~ Solar
Heat Source

Source: |IEA SHC Task 39/ IV 2013
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> PROJECT CONSORTIUM

- AEE INTEC (coordinator)

- HEINEKEN Supply Chain B.V.

- GEA Brewery Systems GmbH
- process engineering

- Sunmark A/S

- solar engineering

Solar Brew: Solar
Brewing the
Future

EU FP7 (2012 - 2015)
Projekt Nr. 295660

e
"AI"IEINEKEN
GEA

sl-l“mn“Km

SSSSSSSSSSSSSSSSSSSSSSSSS
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& SolarBrew

gef SEVENTH FRAMEWORK
Introduction to the project SolarBrew

- Demonstration of the technical and economical feasibility of
large scale solar process heat applications = 1 MWth,p in the
brewing industry

= Development of concepts for a solar heat integration on process
level at temperatures < 80°C

= Design and construction of three demonstrators with a total
capacity of 5.0 MWth,p

= Development of a holistic "Green Brewery Sector Concept”
combining energy efficiency and renewable heat integration

INTEGRATION

l OPTIMIZATION

P PROCESS «¢

13



AEE INTEC

SolarBrew
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ge SEVENTH FRAMEWORK
PROGRAMME

Potential for solar heat in the brewing industry

- All thermally driven processes in breweries and malting plants
require heat at a temperature on process level of between 25 and
105°C e

FOODS

10°C 20°C 30°C 40°C |50°C 60°C 70°C 80°C 90°C |100°C

@ drying of green malt (1°* heating step
SAGRES "Schwelken") (drying air temperature)

CrRVEIA drying of green malt (2" heating step
"Darren") (drying air temperature)

cleaning of bottles and cases

cleaning of production halls and
equipment (CIP - cleaning in place)

production of brewing water

1

Cruzcampo

pasteurization)

pasteurization of beer (flash or tunnel _

mashing

wort heating _

wort boiling -
10°C 20°C 30°C 40°C |50°C 60°C 70°C 80°C 90°C |100°C

14
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BREWERY GOESS Giisser
Solar assisted mashing process
1.500m2 ground mounted flat plate collector field

200m?3 pressurized hot water energy storage tank .~

- Commissioned: June 2013 i

4.6 million pints of beer
per year brewed with the
power from the sun*

* assuming 60 MJ] thermal energy consumption per hl of beer in the brewery Goess
15
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BREWERY GOESS

- Schematic diagram of the solar primary and secondary loop

Q% 10 parallel rows a 10 collectors Tars
o T = P

LC 1T

PT TT
.. process
| o2 = S ~Tsupply "

_C
[ -

night-cooling
option

d4d 88339

A
‘_E:
AL
¥
|

Ll process

return

Storage
(pressurized)
200 m*

I bypass

VT T T3 3

B X

o R | G
i : o
¥} Fl . max. 110°C :

,_{
}1 —~  pressure maintaining station
VY

X

| \ - BA-E o

S HX - Cooler
/ 700 kW

: N o mocaoc |
: HX - Solar - s | . "r'
: 1,000 kW o Tl =% drain

: P_S-01 SO0}
expansion tanks U - J . — cold water

O
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- Collector field hydraulics

State of the project
BREWERY GOESS

....h
e s
<z
m
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State of the project

S22
SEVENTH FRAMEWORK
PROGRAMME

BREWERY GOESS

- Collector field hydraulics — hydraulic balancing

DN80 | A ~ .
.\
DN 80
. A A N
(O]
=
S
>
(@)]
£ e_
o DN 100
c N a M
o
JmE
sl (3
| S
'/' DN 100
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B R E W E RY G O E S S % 10 parallel rows a 10 collectors l‘ /L’::LN

(Goess) T

SEVENTH FRAMEWORK
PROGRAMME

return

—f;z\‘ — D R
- Stagnation ‘cgl{ o
p reve n ti O n e — o _ I - j:gfjjﬁPTrlc‘);siIs
1. | e %
. . . 5 i, P Lo t—[ﬁzﬁ—

- Stagnation prevention is i = e = - H
done by means of 1) night ok | " oV
cooling and 2) active — o -
water/water HX s — o ]ﬂﬁﬁ[_{;};} prozess

- A pressure controlled safety X 200 m*
valve opens if all other (o] gyl i (Goess)
proceeding measures fail Q;) i Gg P A
(due to malfunction, power ; i . i E— DiDjD
outages, etc...). 5 3 | - e
50

41

&1 HX - cooler L
700 kW

X
Y
| . B |
; /| HX-Solar (Goess)
[ : 71,000 kW / s
H T / 1 (Goess) gresisnssinnsiin 1' max. 35°C
2 P_S-02 ioe1ec L | L]J
=1 : drain
: L —{O0= — : e
=@ 20
expansion =T o water
tanks

A { _&] pressure holding
‘ : HX system

19
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BREWERY GOESS

Stagnation
prevention

1) night cooling

Manual or automatic start via
SCADA system

valves 250-1, 250-5 and
104-1 open and the pumps
in secondary (P_S-02) and
primary (P_S-01) loop start

Night cooling function is
switched off either after a
pre-defined time (e.g. 240
minutes) or automatically as
soon as the temperature
TT_240-1 falls below a
certain value (e.g. 60°C).

_

10 parallel rows a 10 collectors

SEVENTH FRAMEWORK
PROGRAMME

tanks

SCADA system
(night cooling)

Tamb
(Goess) IT/ [
_F‘f% ‘A \;
K2 LC TT
LA
7 PT TT .
L Prozess
e — SO I . supply
i Y
prig %
. r\i“r}-_
L - ] W Lj
TT
250-1D>< IT [}
- y
% w 0 Prozess
s N— s D LEes
— Y Storage
X 3
4 AN\ 200 m
‘f"“;’ = glycol- amz‘:‘é } ‘ . (Goess)
[ tank )
additive =0 PR T P PO |
‘ v tank XX X X K
Ll ] 1
<&
104-1 max.
7105°C

o pressure holding

X e
HX — cooler /. sysiem
700 kW

(Goess)

T: H/’ drain
o
n\k/ 11

T 5 cold water

20
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BREWERY GOESS

- Stagnation
prevention

2) Water cooler

Cheapest option

Cooling mode temperature-
controlled by SCADA system

As soon as one of the three
following criteria is fulfilled
(adaptable) the motor-
operated valves 136 and 303
are automatically opened
and solar secondary pump
(P_S-02) is switched off:

= TSH 141-1 >105°
= T storage top > 102°C
= T storage bottom >80°C

State of the project

Q% 10 parallel

rows a 10 collectors

AEE INTEC

SEVENTH FRAMEWORK
PROGRAMME

(Goess) T DTamb ]
o 5 ) T
B 1 e ’ S | max.
V% 102°C
— Prozess
—{2"1 — — . T ~ | supply
i S T \V
N [y
iy T \
—{:Jf" T T 1 J: i
........ T &
w7 [
LA » T i
T N FEUSTOR max. .y
: </ T o
1\ 80°C
3,6b0gu, v MaKe o A A
Ql : 105°C 1414 :
sl N O |~ | Prozess
o l aN - return
— w Storage
A 200 m?
A i & 7\
“t’l':é %‘ O (Goess)

)
additive L \], .l,. ,|,
tank N

tanks

SCADA system
(water cooling)

(TIT1

\_h;|< pressure holding
system
HX — cooler 4} y

700kW | ™

(Goess)
91°C | Ll,l
drain

2.ST

IS
03 coldwaterl

21
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BREWERY GOESS

- Sta g N a tl O N E 10 parallel r?gosesés‘)lo collectors = LEmb ‘ %
o
o

;

preventhn 77777777 LC\TT

§ ‘ PT/ TT
i L1 Prozess
T L

i i " | supply
AV ™ V
3) pressure controlled safety Bl - & Li OA
valve R e e

5 P O
. . I Y T

- The relief valve in the solar N - P
primary supply loop opens at T T o

opening pressure

relatively low pressure (3.6 Y HE S * M_ﬁ_ Progess
barg,,ge) and medium is

Storage
directly released into a glycol "

200 m*®
| | ]
tank I:gl = ggﬁil- ting @ ©
ST T T
- X X
T |

(Goess)
- The low opening pressure e ol 1

limits the maximum g% . Y —— Djji[]

stagnation temperature 3 ) pressure holding

&l HX - cooler Hﬁ‘ system
. : &) A 700 kW ;
-  After stagnation the system ’ /4 HX - Solar {Boses)
has to be refilled with a 5 Gooss) — p| ™ l
P_S-02 H 91°C Y |
manually operated pump and Ej D BOCON o' . T warn
lost collector fluid has to be 5 oo
expansion o B 0 B0 T R R S s il cold water
re-added. tanks
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BREWERY GOESS

- Solar heat integration to mash tuns

- Retrofit of two existing mash tuns with
heat exchanger templates

DISTRICT from DISTRICT
HEATING biomass BalZaul'le
return CHP

S

- "a

.+

AEE INTEC

SEVENTH FRAMEWORK
PROGRAMME

1 1.5TEP: 81°C mash tun 1 [ mashtun2 |
"] control 2.STEP: 87°C retrofit to plate heat |[ retrofit to plate heat |
T valve 3.8TEP: 93°C exchangers I exchangers Il
HrF —--s »-..:ZI;L—}_ HX_MASH1 H HX_MASH2 H
HX-DH e | —T
2350kw__ VS >
’ e TIC I—}_‘\ + T
93°C | —_—
82°C @ o
2 5 X
<10
G 1.STEP: 73°C
2.STEP: 78°C
3.STEP: 85°C
SOLAR CONDENSATE STEAM
return return supply (backup)

23
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BREWERY GOESS

Construction of the heat exchanger templates
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BREWERY GOESS

- Costs solar loop + storage (without subsidies): 431 €/m2 gross
- Total system costs (without subsidies): 747 €/m2 gross

Solar loop (1.500m?) + storage (200m?) Total system costs Goess
specific costs SOLAR: 431€/m? specific costs TOTAL: 747€/m?
m solar thermal collectors (100 pcs.) m solarthermal collectors (100 pes.)

B steel support construction, collector field

5o m steel support construction, collector mounting, ground pre paration, fence, etc.
field mounting, ground preparation, 18%

fence, etc. W solar pimary and secondary loop components
20% [ - + mounting
solar pimary and secondary loop
components + mounting solarenergy storage + foundation + mounting
solar energy storage + foundation + 255,

. other (engineering, commissioning,

2204 mounting control&monitoring )
Dther':engineering_ Cﬂmmiﬁiﬂning’ 304 11% heat integration mashing— material costs
control&monitoring )

heat integration mashing - labour costs

25
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BREWERY GOESS

- Construction of the 200m3 solar energy storage
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SEVENTH FRAMEWORK
PROGRAMME

BREWERY GOESS

- Construction of the 1,500m?2 solar thermal collector field

27
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SEVENTH FRAMEWORK
PROGRAMME

BREWERY GOESS

- Construction of the 1,500m?2 solar thermal collector field

28



State of the project

BREWERY VALENCIA J

Cruzcampo
- Solar assisted pasteurization of beer

- 1.620m2 ground mounted flat plate collector field
- 350m3 atmospheric hot water energy storage tank
- Construction end: Spring 2014

RRERRRREE D

9.6 million pints of beer
per year brewed with the
power from the sun*

* assuming 70 MJ thermal energy consumption per hl of beer in the brewery Valencia

29
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State of the project

BREWERY VALENCIA

J1VSNIANOD

Solar heat integration to a tunnel pasteurizer

INV3LS

SEVENTH FRAMEWORK
PROGRAMME

R R RNRR NRARIRR ([[RAR |I[RKRR KRR
s n r e asteuriz s n r
he1atitng hezatidng he:;tci’ng pza:ttieo:ri ° atitz‘:\ Co10"tng cozoliig co:i)l?ng
KRR NEBAR |[[RR IIRR [TRR |[[ARR |[[AR |[[KRR
26°C 38°C 48°C 64°C 64°C 50°C 42°C 30°C

_______________________________

___________________________________________________________________________________

30
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BREWERY VALENCIA tunnel pasteurizer

- Retrofit of a steam based supply
system with a serial connected hot
water plate heat exchanger

Status Quo — CAN Solar Integration — CAN
pasteurizer pasteurizer
IRIRIRFA AR AR
Pre- Pre-
pasteurization pasteurization
bath bath
RRARRRR ey syayayayal
64°C 64°C
max: 66°C 3 max: 66°C
min: 62°C = %) min: 62°C
) [
N g 8
B £
L
; 66°C
C T _225m°h C_U % o L
steam-HEX steam-HEX © Yol L jm
640 kW 62°C il
640 kKW Bt —— (N =
75°C PAS o — .
= 65°C SOLAR —
e return existing steam bundle HX

31
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MALTING PLANT VIALONGA SA(%ES

CERVEJA

- Solar assisted drying of green malt
- 4.725m=2 ground mounted flat plate collector field
- 400m=3 atmospheric hot water energy storage tank

- Construction end: Spring 2014

3.6 million tons malt per

year dried with the power  pasis for 40 million pints of
from the sun* beer**

* assuming 3.1 MJ thermal energy consumption per ton of malt in Vialonga
** assuming 18 kg malt per hl of beer

32
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MALTING PLANT e

VIALONGA e

. . < exhaust air - extractair

- Solar heat integration
to drying kiln

recirculation

z air
o
33
SNA
>3 m
2
8
=
=
”m
£
g
=]
o
<
— HX
steam

STEAM

5 bar, 150°C
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MALTI NOG PGLANT a:éa):r &'outdoorair
VIALONGA
. . exhaust air e ~ extractair
- Solar heat integration =i ' .
to drying kiln 3
- Installation of a new
Water/air heat recirculation
2 air
exchanger for the 35
exergetically optimized g 5
cascade supply of heat [ e <
. ) _ . E
- Heating-up drying air 60 SErs) g
HX CHP M .
from 35-55°C 0 L, g
step lll,} steam
SOLAR =
return *_‘)— :: ‘
g
STEAM
5 bar, 150°C
CONDENSATE
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MALTING PLANT

<step IV

400.000 m3/h

HX STEAM

<step I

HX CHP

step II

step II

35



& Summary “"SolarBrew"”
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Overview over the three demonstrators

AEE INTEC

Collector| Thermal Solar energy Irradiation
. Process Expected solar Solar .
field peak storage supplied a2 fraction2? onto horizontal
SITE & size! | capacity volume PP y plane
LOCATION
process
[m?] [MW, ] [m3] temperature [KWh/(m?-a)] [%0] [KWh/(m?-a)]
[°C]
Brewery 200 mashing
Goess, 1,375 1.0 (pressurized 280 ~ 30% 1.070
AT tank) 58-78°C
| Brewery 350 paste;l:)rlzatlon
Cruzcampo | Valencia, 1,485 1.0  (atmospheric ot beer 630 ~ 45% 1.610
L ES tank)
63-65°C
@ Malting plant 400 drying ofltgreen
SAG RE S Vialonga, 4,331 3.0  (atmospheric ma 720 ~ 20% 1.690
cERvEn PT tank) 35-55°C
Total 7,191 5.0

1Reference: aperture area
2Simulation results based on representative (measured) load profiles
3Solar fraction with regard to the respective process supplied with solar thermal heat
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There is huge (technical) potential for solar
process heat applications in Europe

To obtain (exergetically) best results
measures to increase energy efficiency
have to be investigated prior to the

integration of renewable energy supply
technologies

Detail engineering and construction of solar
process heat applications demand both
process engineering and solar
engineering expertise — a holistic
methodological approach is needed

This course aims
to follow such an approach

AEE INTEC
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& IEA-SHC Task 49 / IV

gef . :
Content: Solar Heat Integration in Industrial Processes

- further information:

Subtask B Subtask C Subtask A
Process optimization Design guidelines Process heat
Process integration Case studies collectors
Process intensification Dissemination
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