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Abstract

This memo gives an update on the status of the surplus heat database developed in WP4.2. The work is
progressing well. However, a lot of work remains before it is finished. By the spring of 2018, the goal is to
finish the database for the metals and materials sector. By the end of 2018 we aim at extending the

database to either the food and chemicals or oil and gas sector.
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1 Introduction

The industrial partners in HighEFF represent 41 % of the total energy consumption in Norway, as shown in
Figure 1. Metal production and refined petroleum, chemical and pharmaceutical products are the main
contributors. One of HighEFF's goals is a 20% to 30% reduction in energy consumption in the industry. In
order to reach this goal, improvements in several areas are required. For example, a larger extent of
capture, conversion and utilization of industrial surplus heat will be crucial.

Other < 1%
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Figure 1: Energy consumption in HighEFF industrial partners related to the total energy use in Norway.

One of the aims of WP 4.2 in HighEFF is to create a database of significant surplus heat sources in the
partner industries. This is a quite ambitious activity that most likely will take time to complete. The aim is to
assemble a database of the thermodynamic potential remaining in exhaust, waste streams, and by-
products, organized by industry sector, partner/plant, and sub-process/process stage. In addition to the
direct use of a surplus heat characterization, this data can be used to identify processes and sub-processes
with high impact on energy performance, as well as exergy losses between core process and waste streams.
A screenshot of the database is shown in Figure 2.

This database can serve many purposes in HighEFF, across many research areas and WP's. Examples are
design of heat recovery technologies, feasibility studies in energy exchange and heat-to-power conversion,
process improvements, and future processes.
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Process flow

Process p = Mini Temp I Core p Annual hours
Plant stage Inputfoutput  Process flow Type Material annual average allowable ificati Annual d of Energy per year
[C] [C] [C] [rans year] [Mmth] [htyear] [Miwhiyear] [MJiyear]
Alcoa Mosjeen Anode bakeing  Input Matural gas Methane 1250 13500 8760 186300 GT0G26]
Input Coke 1250 26dd 24583 G551
Input Pitch 1250 43174 473231 1725035
Output Exhaust Gas "hir equivalent” 190 a0 Facility exterior wall 1250 135000 760/
Output Anodes 1250 239735
Electralysis Inpuit Electric energy = = = 760 2936717 0757315
404 pots Input Carbon Coke 80485 a7e0 748510 2634422
Outpuat Primary Aluminium Al 136756
Clutput Pat gas Gas “Bir equivalent” 130 80 Cell outlet 360 1600000 8760
Ourpar Sidew all Surface Sreel 300 Cell exrerior 360 G760
Output Other suface heatloss Swface Steel 250 Cell exterior 960 760/
Casting furnace  Input Matural gas Methane T20 E000 82800 238056
Input Primary &l Al Ten 196786
Input Other Al al Ten 36161
Input Other materials Si 20
Outpuat Aluminium alloy Al TzZ0 232347
Output Exhaust “Bir equivalent” 1000 Gaz outlet, 6 fumaces 720 0-100000
Ourpar Other heat lass Surface Sreel 200 Furnace exterior Tz0
Casting bed Input Aluminium alloy 720 232947
Ourpar Cooling water Liguid el ater 25 Tosea Tz0 350 G760
Process flow
Process P = Temp I Core p Annual hours
Plant stage Inputloutput  Process flow Type Material annual average allow able pecifi p Annual prod p of op Energy per year
[C] [C1 [C] [tans lyear] [Mm*thl [hiyear] [Mwhiyear] [MJlyear]
Alooa Lista Electrolysis Inpuat Electric energy = = = 87E0 1725236 210352
Input Carbon Coke 34008 ave0 62T 1138436
Sederberg Inpuit Pitch 12577 133604 S0E536
Output Primary Aluminium Al 93234 ave0
Ourpar Potgas Gaz “hir equivalent” 300 &0 Cell outler 360 150000 G760
Clutput Sidew all Surface Steel 300 Cell exterior 360 a760
Output Other suiface heatloss  Suface Steel 250 Cell exterior 360 &760
Casting furnace  Input Matural gas Methane Ten 23 43037 155138
Input Primary Al Al T20 93234
Input Other &l Al Ten 34377
Inpuit Other materials Si Tz20
Output Aluminium alloy Al 20 127671
Outpuat Exhauist “hir equivalent” 300 Furnace outlet TzZ0 0-70000
Output Other heatlass Surface Steel 200 Furnace exterior 720 ave0
Casting bed Inpu Aluminium alloy Tz0 127671
Clutput Cooling water Liquid wl ater 25 Tasea 720 300 a760

Figure 2: Screenshot of surplus heat database. Alcoa's plants are used as example.
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1.1 "Workflow"

To complete the database, we rely on in-kind contributions from the industry, which means that gathering
data takes time. The workflow of collecting data is described below.

1) Search literature and previous projects for data
a. Some relevant previous projects for the material sector
2) Create model process sketch and identify main sub-processes. Example in Figure 3.
3) Request data from industry — start direct cooperation/discussion
4) Create energy/ exergy loss process flow diagram. Example in Figure 4.
5) Use data in several work packages in HighEFF, e.g. thermal energy storage, process improvements,
design of novel heat recovery concepts.

() 23

- . Heat loss from
Electricity Cooling water

furnace wall and

% & /" superstructure
I

Raw Off-gas Cleaned
material —— . ¥ gas
Furnace > Filter &
Electrodes — (1) [ Silica
Liquid metal Air-diluted
emissions
Y
Liquid metal Product
Tapping »| Casting [———
5 Heat loss from Heat loss from
(5,7) ladle sidewall etc. sidewall, hot (8,9)

metal surface etc.

Figure 3: Example of process sketch divided into sub-processes for Wacker's plant at Holla.

2  Status on data acquisition

The HighEFF centre covers three industries: metals and materials, food and chemicals and oil and gas. The
metals and materials sector was chosen as the starting point for the database. Contact has been
established with all partners except Glencore, and work still remains before the database is complete for
metals and materials. In Table 1, the progress on data acquisition for this sector is summarized.
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Table 1: Status on data acquisition for the metals and materials sector.

Partner Status List of plants Data from Sketch w/ | Data Diagram
literature or | sub provided | w/ energy
previous processes | from and exergy
projects created partner losses

Alcoa Data for both Mosjgen and Lista has been Lista, Mosjgen None No 80% No

acquired, some refinement required

Elkem Idea was discussed at the HighEFF autumn Bjplvefossen, Bremanger, [1], [2], [3], No 0% No

workshop in October. Follow-up e-mail was sent | Rana, Salten, Thamshavn [4]
in November, but Elkem has not responded yet.

Eramet Initial contact in October, but we agreed on Porsgrunn, Sauda, Kvinesdal | [1], [2] Yes 0% No

delaying the work to the middle of November.
Follow-up e-mail has been sent, but Eramet has
not responded yet.
Finnfjord Finnfjord was contacted in November, but no Finnfjord [1],12], [3], No 0% No
answer has been received yet. Will be followed (4]
up after Christmas.
Glencore Work has not started Kristiansand (Ni), Mo i Rana None No 0% No
(Mn)

Hydro Data for all primary Al plants has been acquired, | Husnes, Hgyanger, Karmgy, [1] Yes 80% Begun

some refinement required Sunndalsgra, Ardal

Wacker Data for the Holla plant has been acquired. Holla [2], [3], [4], Yes 70% No

Some additional information might be needed,
this will be discussed in plant visit on the 15% of
December 2017.

[5]

D4.2_2017.01 Status on surplus heat database

Page 7 of 9




CENTRE FOR
ENVIRONMENT:
FRIENDLY ENERCY
RESEARCH

@® HighEFF

of Norwas

. R

<32 > Diffuse heat loss
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[ Cooling
T\ water
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Tapping and refining 28 “\_emissions
Air

<3 >Silicon

A 4

= B E 1650 °C
Wacker Holla < 4> Silicon %
Updated 14.12.2017
FLOW ID - Material flows 1 2 3 4 5 6 7 8 9 —<7>»
Silicon from| Silicon to Cooling |Siliconto | Silicon Casting
Description Fix C Volatiles furnace casting | Additives water crushing | product Silica
State s s I | s I s s s F ’m‘ <35> Diffuse heat \oss
Flow rate t/d - - - - - 19200.0 - - -
Temperature °C 15.0 15.0 1650.0 1500.0 15.0| 25-50 15.0 15.0 -
Energy (chem) MW 282 205 - - - - - 28.7 -
Energy (thermal) MW - - - - - 8.2 - 2.0 -
FLOW ID - Gas flows 20 21 22 23 24 25 26 27 28
Air mixed Air-diluted
Air for gas| Draftair with Furnace Cooled off{ Filtered emissions
Description cooling |infurnace|tappinggas| off-gas | Off-gas |Heatedair| gas off-gas |from tapping
State 8 8 8 8 8 g 8 8 8
Flow rate kNm?/h - - - 200.0 200.0 - 200.0 - 25
Temperature °C 15.0 15.0 15.0 1600.0 - ~20? 220.0 - 30-150
Energy (chem) MW - - - - - - - - -
Energy (thermal) MW - - - 42.0 - - 36.0 - -
FLOW ID - Other 30 31 32 33 34 35
Diff heat Diff heat | Diff heat O Flectric power Heat flow {diffuse)
Electricity loss Diff heat | Diff heat loss loss
Description to furnace| furnace | loss ducts | loss filter | tapping casting -
State Electric Heat Heat Heat Heat Heat ﬂs Process core temperature Heat flow (fluid)
Energy Mwe 333 - - - - -
Energy MWth - - - . - - ‘;t’ Process exergy efficiency Heat flow (gas)

Figure 4: Early draft of energy/exergy loss flow diagram for Wacker Holla.
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Conclusion

The work with the surplus heat database is progressing well. However, a lot of work remains before it is
finished. By the spring of 2018, the goal is to finish the database for the metals and materials sector. By the
end of 2018 we aim at extending the database to either the food and chemicals or oil and gas sector.
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