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* |nternational Examples

Motivation: SPH for South Africa

Technology

SPH Projects at STERG/CRSES

— International: Soltrain, IEA Task 49, STAGE STE
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International Example

Flat-plate collector field of
39,300 m? at Codelco’s
“‘Minera Gabriela Mistral” in
the Atacama Desert, Chile
(Source: Sunmark
Solutions)

« Electrowinning of copper
at 46 to 51 °C

« 39,300 m?, 27.5 MW
* 4,000 m?3 storage
« 1,272 kWh/m?2a

» Saves 20,000 L oil per
day, i.e. 250 trucks/year

Source: Sunmark Solutions
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International Example

« Seasonal tilt adjustment!

- Automatic dry cleaning!

+ Contracting!

™ COPPER CATHODES

Source: Sunmark Solutions
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International Example
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International Example

« Largest plant for
thermal use in the
world (2011 — 2014)

* 194,000 m2 reflector
area (3,822
heliostats, each
consisting of two
reflectors with ca.
25.5 m?)

« Enhanced Ol
Recovery, 29 MW,
steam production

Source: Brightsource Energy
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Motivation

Industrial process heat is 30 % of
SA’s final energy consumption !!!

Commercial Agricultural Pr(ocles: heiat
electric

8% o
3% 5.0%

Transport
29 %

Transport
SA energy consumption by sector in 2006 3.0%
(Based on values of: SATIM 2014, App. A) SA industrial final energy consumption in 2006
(Based on values of: SATIM 2014, App. B)
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Motivation

Electricity

7.2% Wood and Wood Oil Products
Products 6.8 % 0.5%

Fuel types used in South African industry in
2006 (based on values of: SATIM 2014, App. A)
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Paraffin boiler at Cape Brewing Company
(CBC), Spice Route, Paarl
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Costs in SA: Future Increase?

R3.00
R2.50
800 H Now ™ LCOH (20 years)
g With 6 % annual increase
-
& RL50
@
c
o
R1.00
b I I I I I
. 1 I
Coal Electricity Low sufur oil Praffin Diesel Electricity
(Dom)
Type Source: Joubert, SASEC 2015
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Solar Process Heat

Status:

Barriers and perspectives: 65%

Small market, recent growth

Examples: www.ship-plants.info
www.blackdotenergy.co.za

300 ... 500 °C
4%

> 500 °C:

Technically complex

Often amortization > 5 years 100 ... 200 °C

Prices for conventional energy 8%
By 2030, 2 % of industrial heat
demand supplied (IRENA 2015)
By 2050, 20 % of industrial Temperature ranges of Germany’s industrial heat

heat below 120 °C (IEA 2012) demand (based on Lauterbach et al. 2012)
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Solar Process Heat

* High value conventional fuel saved
(most favourably diesel, heating oil, paraffin, liquefied petroleum
gas LPG, but also electricity and gas...)

 Heat demand when sun is shining
(at least five days per week)

« Heat recovery technically / economically not feasible
» Potential future changes unlikely to affect SPH installation.
« |If stationary collectors: Process return below 100 °C (efficiency!)
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Technology

Flat-Plate Collectors

Fresnel Collector Parabolic Trough Collector Central Tower Receiver
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System Concepts

PROCESS HEAT

Source: Muster et al. 2015

sterg@sun.ac.za

visit concentrating.sun.ac.za

contact

3rd Annual STERG

SolarPACES Symposium
14 & 15 July 2015

Stellenbosch, South Africa

-

-~
™
¥

STELLENBOSCH

UNIVERSITEIT
UNIVERSITY

IS

STERG



System Concepts

CONVENTIONAL
PROCESS HEAT

INTEGRATION
POINT

>

Steam line

Boiler Process

Feed water

R @ ¥ AnnuelSTERG Source: Muster et al. 2015
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Soltrain: Pilot Plant at CBC Brewery

Roof area for solar installation Cold water tanks Hot water tank

|

Planned system at Cape
Brewing Company (CBC),
Spice Route, Paarl
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Soltrain: Pilot Plant at CBC Brewery

ﬁe-dimensioning — Built this winter by E3!

60%
125 m?

10 m?
15to 85 °C

81.4 MWhlyear
(650 kWh/m2year)
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- Total tuel energy
— Needed energy to water
= = Solar energy to water

T

Energy [kWh/day]
8
1 3

T
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Month

Expected annual variation
(Source: Joubert, CBC tender)
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IEA-Task 49: www.task49.iea-shc.org

Listing projects
1400 FueR

Name contains Displaying all 10 projects
Country Ipi A
e . mei o | e.g. NACE-Code C10.5
et von sare 1599 Manufacture of dairy
year To year

Cremo SA products
Industry sector g = Route de Moncor 6, 1752 Villars-sur-Gline
€105 - Manufacture of dairy pro v 3T Switzerland
Unit operation tion start: 2013

1000

SRESS CoNGEne Jras. A Dairy Plant ( El Indio)
Min Max San José de Gracia, Michoacan
Mexico

800 2012
Kind of solar thermal collectors
installed

Solar energy storage Neutla, Guanajuato, Mexico

Mexico

€/m2

600

Point of Solar Heat Integration t: 2014

Solar thermal engineenng
company

Av. Francisco Villa 1211, Villa de Guadalupe, Durango, Durango, Mexico, CP: 34040
Mexico

400

t: 2013

(“Apply | show al

Chemin du Finage 19, 2350 Saignelégier, Switzertand
Switzerland

200

2012
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IEA-Task 49: www.task49.iea-shc.org

Industrial heat distribution
networks

SPH planning methodology

Process integration and energy
efficiency

Integration point selection

Exemplary SPH integration and
system concepts
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TFA SHC Task 49 Solar Process Heat for Production and Advanced Applications Deliverable B2
SolarPaces Annex IV December 2014
- _A,\, @Solar@&@@@
“ -
NG oy e <\
INTERNATIONAL ENERIGY AGENCY . /}
& Y 4
IEA SHC Task 49 SolarPACES Annex IV

Solar Process Heat for Production and Advanced Applications

Integration Guideline

Guideline for solar planners, energy consultants and process engineers giving a
general procedure to integrate solar heat into industrial processes by identifying
and ranking suitable integration points and solar thermal system concepts.

Deliverable B 2

February 2015

Coordinating author: Bettina Muster

Authors: llyes Ben Hassine, Annabell Helmke, Stefan HeB, Pierre Krummenacher, Bettina
Muster, Bastian Schmitt, Hans Schnitzer

This Guideline has been developed based on meetings and discussions of several experts. The
authors thank all the contributors for their scientific input and the following experts for their
reviews (in alphabetical order):

Christoph Brunner, Marco Calderoni, Christoph Lauterbach, Franz Mauthner, Sandrine Pelloux-

Payer, David Reay, Detlev Seidler.
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STAGE STE: EU FP 7 Project

L )
Source: Wilson, 2011 © Industrial Solar
BBE, Johannesburg, Fresnel at testing MTN, Johannesburg, SA: Solar cooling
site of Eskom. Source: R. Wilson, 2011 with 484 m?2 Fresnel coll., 180°C, 16 bar
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STEP-Bio: SPH for Sugar Mills

South Africa, Lesotho and Swaziland

EEENTE Annual sum of global horizontal irradiation, average 1994-2010
L - s
Mpumalanga <1600

1700 1800 1900 2000 2100 2200 2300 > kWh/m?

=

Felixton
Dalton Amatikulu

KZN Inland BEE

Eston

KZN Coastal

Urnzirmkulu

Port Elizabeth SO |@W‘g'|s

http://solargis.info

Solar data - SolarGIS v1.8 © 2012 GeolModel Solar s.r.o.
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STEP-Bio: Global Tilted Irradiance (GTI)
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"2 HELIO100

« SA product, low-cost
* Medium to high SPH

 MOU with DLR to set
up a pilot project
using the particle
receiver of DLR
(sintered Bauxit
particles)

“HELID100

Computer picture of Helio 100 prototype
Source: www.helio100.sun.ac.za
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Summary and Next Steps

Summary:

« SPH is prooven technology, potential for SPH in SA expected
but further research necessary

« Some realized projects, low-level research
« Dedicated funding and monitoring scheme needed!

Next steps:

* Look into Fish-meal, aquaculture in SA (Dr Neill Goosen)
* Look into Mineral mining (Dr Johann Steyl)

« Set up of SPH system simulations in MATLAB Simulink
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Thank youl!

CONTACT DETAILS:

Dr Stefan Hess

Solar Thermal Energy Research
Group (STERG)

Stellenbosch University

South Africa

stefanhess@sun.ac.za/
+27 (0)21 808 4016

.
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Collectors, Storage, System Concepts

Tracking Collector type Symbol Absorber Concentration Indicative working
type temperature range (°C)
Stationary Standard flat plate Flat No 30-90
(none) collector (FPC)
Standard evacuated — Tubular No 50-130

tube collector (ETC)

Improved stationary e B Tubular/Flat Some yes, 80-150
collectors with and <= = some no
without reflectors
Single Linear Fresnel T Tubular Yes 60-400
;
axis collector (LFR)
Parabolic trough A =) Tubular Yes 100-450
collector (PTC) P
Two axes Parabolic dish K:‘m Point Yes 100-500
collector (PDC) \Ll__;_//‘
Heliostats with central [ _ Point Yes 150-2000
receiver (HCR) =
3rd Annual STERG
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Applications and Consecutive Planning

1 - + Use simple questionnaire to get most important information before company visit
Basic data « Questionnaire is applicable for all industry sectors and includes client’s motivation
acquisition
+ Use solar- or branch specific information to get an overview o
2 . « Review additional reports of realized projects or case studies —
Preparation « Call company to clarify questionnaire (data, motivation, future strategies) 8
* Decide if potential for a solar process heat system is given ©
o
. . . o
« Get overview of production site, heat consumers, and heat supply system together —
with responsible technical staff of company %
3 . . = Find out about future plans and strategy of the company S
Com pany visit * Collect, draw and discuss sketches (production flow, possible integration points, =
roof area, location for storages, etc.) with technical staff O
o
+ Crosscheck gathered data with available benchmarks 8
. * Draw energy balance and flow sheet of production, try to estimate energy 0p)
4 AnaIVSIS of consumption of single production sections or processes
status quo Actual depth of this analysis is based on available data and resources of auditor
J /ERS . q‘r 3 Annual STERC-‘ visit concentrating.sun.ac.za
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Applications and Consecutive Planning

m * Investigate energy saving potential for processes (installations, control, etc.)
5 L + Check heat recovery potential within utilities (supply of heat, cold, compr. air)
optlmlzaFlc_)n & Effort and depth of this step is based on the knowledge and resources of audifor
energy efficiency
» Apply the following criteria to all production processes with heat demand:
6 Identificati f integration temperature level, load profile, amount of thermal energy consumed,
: entl '_ca Ion_o effort for integration, sensitivity to changes, and possible solar fraction
integration points |. Rank heat consumers based on these criteria L0
—
» |dentify suitable collector type, necessary area and storage volume, proposed 8
solar fraction and yield, overall costs (solar heating system, integration and .
7 Ana|ysis of installation) for the integration points of your ranking from prior step @®©
. H H H e
integrati on points Compare technical and economical facts of your ranking 1%
Analysis can be done by simulations or estimative figures B
d—
« Create short report with overview of most suitable integration points %
=
» Discuss possibilities for solar process heat system with company ‘s
8 . + Based on the results of the prior step, the company should be able to decide if a 8
Decision solar heating system is desired and which concept shall be realized 5
A O
+ Start detailed planning based on the company's decision N
9 . . * Repeat some of the prior steps again if necessary (e.g. to measure specific energy
Detailed planning | fiows that are important to verify status quo)
| /ERS . q‘»— 3 Annual STERC-‘ visi concentrating.sun.ac.za
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Applications and Consecutive Planning

Temperature (T)

Sector  Process 20 40 60 80 100 120 140 160 _ 180 200

Several Make-up water #

ssctons Prehe'atmg w
Washmg #
Biochemical react. —— o~
Distillation  —(——— —— —

Chemicals  Compression —— 3
Cooking — c
Thickening — 3
Blanching [ —— o
Scalding — o
Evaporating ————————————— 5

Food ng;ﬁ;.:ésatlﬂn # CD

& beverages Cleaning _L %
Sterilisation  —— Q
Tempering — o
Dry"ng h
Washing e ——
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Applications and Consecutive Planning

Sector Process

Bleaching ﬁ

20

40 60

80

Temperature (T)
100 120

140

160 180 200

De-Inking

*

Paper Cooking

#

Drying

Pickling

Chromatiing

Degreasing

Fabricated

metal Electroplating

Phosphating

Purging

Drying

Rubber Drying

& plastic Preheating

Machinery

Surface treatment

& equipment Cleaning

Bleaching

Coloring

Textiles Drying

Washing

Steaming

Pickling

#
#
#
#
#
#
*
S —
e ———————————————————
*
S ———
#
*
*
*
]
—

Wood Compression

Cooking

Drying

F
#
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