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Abstract 

This thesis describes a study of the viability of using excess energy from the exhaust gases 

at the Alcoa Fjarðaál aluminium plant to provide residential heating and hot water for 

household use in Reyðarfjörður. The results of the study indicate that such a system would 

be technically viable as well as delivering social and environmental benefits to Alcoa 

Fjarðaál, the residents of Reyðarfjörður and Iceland as a whole. The estimated costs for 

implementing a heat recovery system and distribution system are estimated to be 2 477 – 

2 677 million ISK for an open loop system system or 2 528 – 2 678 million ISK for a 

closed loop system. The Icelandic government currently subsidizes electricity for 

residential heating where geothermal heating is not available. If the government were to 

provide seed capital amounting to 5 years’ worth of these subsidies, and the residents of 

Reyðarfjörður paid 80% of what they currently pay for heating, the break even point for 

both the open or closed loop system would be reached in 9-10 years. If the government-

provided seed capital amounted to 11-12 years’ worth of subsidies, loans or capital 

investments would not be necessary. This thesis discusses several opportunities and a 

number of options as well as potential risks and challenges. In summary, this study 

indicates that there is an abundance of energy that is not being utilized under 

circumstances where it could be.  
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Útdráttur 

Í ritgerð þessari er gerð grein fyrir rannsókn á möguleikum á að nýta umframorku sem 

fellur til úr útblástursgösum frá álverksmiðju Alcoa Fjarðaál til húshitunar á Reyðarfirði 

auk þess að útvega heitt neysluvatn. Niðurstöður rannsóknarinnar gefa til kynna að slíkt 

kerfi væri tæknilega möguleg auk þess að hafa í för með sér samfélagslegan og 

umhverfislegan ávinning fyrir Alcoa Fjarðaál, íbúa Reyðarfjarðar og Íslandi í heild. 

Áætlaður verkkostnaður fyrir varmaendurvinnslu- og dreifikerfi er 2 477 – 2 677 milljónir 

króna fyrir opið kerfi og 2 528 – 2 678 milljonir króna fyrir lokað kerfi. Íslenska ríkið 

niðurgreiðir nú rafmagn til húshitunar á svæðum þar sem jarðvarmi er ekki nýttur. Ef 

íslenska ríkið myndi leggja til stofnupphæð sem jafngildir 5 ára niðurgreiðslum og íbúar 

Reyðarfjarðar greiddu 80% af því sem þeir greiða nú til húshitunar, myndi kostnaðurinn 

greiðast upp á 9-10 árum. Ef framlag ríkisins myndi jafngilda niðurgreiðslum í 11-12 ár, 

væri ekki þörf á lántöku eða upphafsfjárfestingu. Þessi ritgerð fjallar um ýmis tækifæri 

og nokkra valkosti auk mögulegrar áhættu og áskorana. Rannsóknin bendir til þess að sé 

til staðar mikið magn orku sem er ekki nýtt við aðstæður þar sem hægt væri að nýta hana.
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Chapter 1 

1Introduction 

 Objectives and goals 

In this work the viability of utilizing waste heat from an aluminium plant for district 

heating is explored and analyzed. For this purpose, a case study was conducted for Alcoa 

Fjarðaál, an aluminium plant in Reyðarfjörður, a town close to Fjarðaál and the community 

in which the heat would be utilized.  

The technical viability as well as the economic viability of such a system is the focus of 

this work. Therefore, a preliminary design of a heat recovery system as well as a district 

heating system are developed along with a cost study for the suggested design. 

The production of aluminium is energy intensive, with about 13 kWh required to 

produce one kilogram of aluminium (World-Aluminium, 2018). Therefore, it is quite 

common for power plants to be built in parallel with aluminium production plants to supply 

them with electric power. Indeed, this was the case for Alcoa Fjarðaál, in Reyðarfjörður; the 

Kárahnjúkar Power Plant was built to supply Alcoa Fjarðaál, which produces about 350 000 

tons of aluminium annually (Landsvirkjun, Fljótsdalur Power Station, 2018). The 

Kárahnjúkar Hydro Power Plant, located at a distance of about 75 kilometers away from 

Reyðarfjörður, supplies about 4 600 GWh to Alcoa Fjarðaál each year (Landsvirkjun, 

Fljótsdalur Power Station, 2018).  

As is the case for aluminium production in general, only about half of this energy ends 

up in the aluminium – as chemical energy – while the other half of the energy is lost in the 

process (Yu, 2018). This is because aluminium production takes place at high temperatures 

and incurs energy losses in the form of heat. Figure 1.1 provides a schematic representation 

of the distribution of energy flow and the main heat losses in aluminium production. We see 

that between 30% and 45% of the energy loss is due to exhaust gases. This heat is relatively 

accessible, which raises the question of whether and how it might be possible to harness this 

thermal energy, which is otherwise lost. The objective of this thesis is to consider possible 

means for heat recovery for the purposes of district heating.  
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Figure 1.1 Heat loss from a typical Hall Heroult cell (Yu, 2018) 

The Alcoa Fjarðaál aluminium plant is located on the eastern coast of Iceland close to 

the town of Reyðarfjörður. In Iceland, about 90% of homes are heated with hot water from 

geothermal sources (Samorka, 2018). However, there are a few regions in the country where 

this is not an option, due to the lack of feasible geothermal resources. Reyðarfjörður is 

located in such a region, which means the homes there are heated with electricity.  

There is a strong tradition for, and widespread appreciation of geothermal heating 

systems in Iceland. This appreciation is based on lower costs than for electrical heating and 

the convenience of ample hot water. Therefore, there is a clear basis for exploring whether 

and how the   gas from the plants pot-rooms could form the basis for heat recovery, and in 

turn, supply thermal energy for district heating in Reyðarfjörður. 

 Previous work 

Preceding this research, Miao Yu conducted a study on waste heat recovery at Alcoa 

Fjarðaál (Yu, 2018). This study addressed the main chemical characteristics of the gas at the 

plant as well as the potential of different forms of heat recovery. The study examined a few 

ways of utilizing the heat in the exhaust gas. It revealed that utilizing the heat in the gas to 

heat water in a heat exchanger and use it directly for district heating in local communities is 

the most energy efficient system. Using the heat directly is not only more efficient, but 

ultimately a more appealing choice in this case due to the desire for an alternative heating 

system in the area. 

Another study was conducted by Martin Fleer on heat recovery from the exhaust gas 

of aluminum reduction cells, which focused on fouling build up (Fleer, 2010). He conducted 

measurements at Norðurál in Iceland where he inserted fouling probes into the stream of the 

exhaust gases to estimate fouling build up in heat exchangers under the same circumstances 

as the probes. The fouling probes were aligned in the cross-flow direction and the overall 

heat transfer coefficient dropped by 3% downstream of the gas treatment center and 29% 
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upstream of the gas treatment center over 11 days due to fouling. This shows that using heat 

exchangers that utilize cross-flow pipes might not be a desirable choice. Furthermore, the 

amount of dust particles in the exhaust gases at Fjarðaál might be different from Norðurál 

meaning the fouling build up at Fjarðaál, even when using cross-flow pipes, might differ 

from Norðurál. To obtain an accurate estimate of the level of fouling at Fjarðaál, tests should 

be conducted on site.  

Geir Wedde and Anders Sørhuus along with others conducted a number of studies on 

pot gas heat recovery for Alstrom Norge (Sørhuus & Wedde, 2009) (Sørhuus, Wedde, Rye, 

& Nyland, 2009) (Qassab, Mohd, Wedde, & Sørhuus, 2012). In one study they examined 

the effects of fouling on different sizes of tubes and how fouling could be minimized. They 

discovered the importance of streamlining the form of the piping and heat exchanger so that 

the gas and the small particles in the gas would not be hindered during their travel through 

the system, thereby reducing fouling. Having aerodynamically designed ducts and a 

streamlined heat exchanger form also ensures a relatively low pressure loss over the system. 

This can be achieved, for example, by funneling the gas into the pipes on the heat exchanger. 

They also conducted tests on a counter-flow shell and tube heat exchanger upstream of the 

gas treatment center that showed that the fouling buildup was remarkably low, which meant 

it could be suitable for commercial use. In a later report they wrote about a shell and tube 

heat exchanger and its success at Alcoa Mosjøen, where fouling had not been a problem. 

Their research also showed that the pressure loss over the heat exchanger did not result in 

the requirement of a booster fan to maintain acceptable suction. In another study they 

discussed the importance of reducing the gas temperature, especially in a warmer climate 

such as in Bahrain. They studied the possibility of implementing a heat recovery system at 

Alba Bahrain for the purpose of reducing gas temperature to ensure longer bag filter lifetime 

as well as reducing emissions with increased hydrogen fluoride absorption. 
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Chapter 2 

2Methods 

Before a design for the heat recovery system and distribution system could be 

proposed and cost studies undertaken, background information was gathered. This 

information was used as a basis for developing a realistic system that takes into account the 

comprehensive range of challenges represented. Key background information about 

previous work on heat recovery of exhaust gases at aluminium plants was reviewed. Existing 

systems were both studied and analyzed to better understand what system might best suit 

Fjarðaál. Ongoing communication with process engineers at Fjarðaál during development 

provided the basis for proposing a system fit for the specific conditions at the plant. The 

current conditions at Reyðarfjörður and the surrounding communities were also studied in 

order to estimate the total heat demand as well as the current cost of heating. 

 Gas treatment at Fjarðaál 

As shown in Figure 1.1, during the production of aluminium, exhaust gas is collected 

from each cell. This gas from each cell is gathered through piping and transported to a gas 

treatment center (GTC). The gas includes, for example, sulphur dioxide, carbon monoxide, 

carbon dioxide, and hydrogen fluoride. In the GTC, dry alumina is used to absorb hydrogen 

fluoride (HF) and the alumina leaving the scrubbers is removed in bag filters. The charged 

alumina is fed to the reduction cells as raw material in the production process. After the gas 

has been treated it vents through a stack (Kuenen, 2009). At Fjarðaál there are two GTCs 

and one stack. Figure 2.1 shows the gas collection system at the plant with the corresponding 

process parameters. 
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Figure 2.1 Gas collection system at Fjarðaál 
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 Background 

In general, there are a few options for placing a heat recovery system in an aluminium 

plant; the system can be installed upstream or downstream of the GTC – see Figure 2.1. 

There are pros and cons of installing upstream of the gas treatment center, referred to 

as the dirty side of the GTC. The main advantage is that the temperature of the gas before it 

enters the GTC is about 15°C higher (Björgvinsson, 2018) than after treatment. Taking into 

account the total amount of gas flowing in the system, this temperature difference holds a 

substantial potential for heat recovery. Furthermore, the temperature of the gas (~110°C) is 

not much higher than the operational temperature of a typical district heating system (~°80). 

Thus, from an efficiency perspective, positioning a heat recovery system on the dirty side 

seems to be the clear choice. 

From a plant operation perspective, reducing the temperature of the gas before it goes 

through the GTC can be desirable. Geir Wedde found that hydrogen fluoride emissions are 

exponentially related with gas temperature (Qassab, Mohd, Wedde, & Sørhuus, 2012). 

Lower temperature of the gas increases fluoride reaction with alumina in the GTC. As 

mentioned above, the charged alumina is then reused in the system. This implies that less 

fluoride is needed in a system with lower gas temperature. Figure 2.2 shows the results of 

Wedde’s test. 

 

Figure 2.2 Relationship between gas temperature and HF emission, labelled Rel. HF 

(Qassab, Mohd, Wedde, & Sørhuus, 2012) 

Continuing with the plant operation perspective, filter bag lifetime is extended with 

lower gas temperatures (Qassab, Mohd, Wedde, & Sørhuus, 2012). So even if the recovered 

heat is not being utilized, there are operational and environmental benefits to be gained from 

reducing the temperature of the gas before it enters the GTC. 

The main disadvantage, and challenge, of positioning a heat exchanger on the dirty 

side is – as the term implies – that it is dirty. The gas contains all sorts of particles that can 

form residue or fouling in the pipes (Sørhuus & Wedde, Pot Gas Heat Recovery and 

Emission Control, 2009). Too much fouling can reduce the performance of a heat exchanger 

to such an extent that the cost of maintaining the heat exchanger could outweigh the benefits. 

This challenge is one of the key parameters that needs to be taken into account in the design 

of a system. 
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 Existing systems 

In fact, there are systems available that tackle the problem with fouling on the dirty 

side of the heat exchangers. Alstrom, now a part of General Electric, has demonstrated that 

heat exchanger on the dirty side is not only possible, but possible without having to clean 

the heat exchangers for 8+ years running, while still maintaining an acceptable heat transfer 

coefficient. They have 4 installations around the world. One in Mosjøen, Norway, in 

Karmoy, Norway, in Hamburg, Germany and in Bahrain, Saudi Arabia (Ose, 2018).  

In Bahrain there is a full-scale external heat exchanger system, meaning all of the 

exhaust gases are running through heat exchangers. However, the heat is not utilized further, 

the main reason for running the gases through heat exchangers is to reduce the temperature 

of the gases in order to increase fluoride absorption. During the summer months in Bahrain, 

the temperatures get so high that the fluoride emissions exceed legal emission requirements. 

The external heat exchangers are horizontal counter flow shell and tube heat exchangers. 

The system has been running since 2015 without being cleaned. A thin layer of fouling has 

built up on the bottom of the pipes since they are horizontal (Ose, 2018). 

In an aluminum plant in Hamburg, Germany a full scale anode heat exchanger system 

utilizing the hot gases coming from the anode baking factory has recently been installed. 

The heat is used to produce electricity via an organic rankine cycle (ORC). The electricity 

being produced is about 150-250 kWEL (Ose, 2018). 

In Karmøy, Norway there is a full scale integrated heat exchanger system. The heat 

exchangers are integrated into the bag filters and the purpose is to reduce the temperature of 

the gases to increase fluoride absorption. The heat is rejected to the ocean with an additional 

water-to-water heat exchanger (Ose, 2018). 

In Mosjøen, Norway there are a number of demonstration units of different types of 

heat exchangers that use waste heat from the plant. There is an integrated heat exchanger, 

similar to that in Karmoy, a pot heat exchanger, an anode heat exchanger and an external 

heat exchanger. The pot heat exchanger is an experimental unit from General Electric – a 

heat exchanger that receives only the gas from one pot in the aluminium factory. Currently 

it is not operational, which is also the case for the integrated heat exchanger. The heat being 

harnessed by the anode heat exchanger and the external heat exchanger is being utilized to 

heat water that is used for heating the factory itself as well as some larger community 

facilities.  

Since Fjarðaál does not have an anode baking factory, an anode heat exchanger is not 

under consideration, however an external heat exchanger might well work.  

The external heat exchanger at Mosjoen is a vertical counter-flow shell and tube heat 

exchanger located upstream from the GTC. The heat exchanger in Mosjøen has been 

operational since 2010 and has not yet been cleaned, while still maintaining an acceptable 

heat transfer coefficient as well as pressure loss. This is a clear indication of success, since 

there has not been enough fouling build up inside the tubes over 8+ years to require cleaning. 

This highlights that optimal heat exchanger design not only allows heat exchangers to be 

installed upstream of the gas treatment center, but also minimizes the need for maintenance. 

Other external and environmental conditions are of course also very important when it comes 

to maintenance and viability for heat exchangers of this sort, but considering the location of 

the aluminium plant in Mosjoen, the conditions are relatively similar to that of Fjarðaál (Ose, 

2018) (Personal communication during site visit at Alcoa Mosjøen, 2018). 

Fives Group, in collaboration with the Norwegian University of Science and 

Technology (NTNU) and Norsk Hydro have designed, but not yet implemented, a heat 

exchanger for the dirty side. The heat exchanger is a cross-flow tube heat exchanger that 
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requires cleaning approximately every 6 months if placed on the dirty side of the gas flow 

(Bassam, 2018). 

 Process conditions at Fjarðaál 

The process at the plant is depicted in Figure 2.1. The total volumetric gas flow rate 

there is 910 m3/s. The amount of energy that can be recovered from a GTC will depend on 

the gas temperature at the point of recovery. During the production of aluminium, sulphur 

is introduced into the system through the anodes. The sulphur is oxidized to SO2 in the 

exhaust gas and a portion of the SO2 is further oxidized to SO3. With lower temperatures of 

the exhaust gas, the SO3 reacts with water vapor and forms sulphuric acid and eventually 

acid mist or condenses on the surfaces of the piping or other equipment and corrodes it. The 

temperature where this occurs is called the acid dew point (Vainio, Laurén, Demartini, 

Brink, & Hupa, 2014). This temperature can be calculated based on the pressure, amount of 

acid and humidity in the gas. The acid dew point of the gas in the plant is 84°C and according 

to best practice, cooling the gas below the dew point is not recommended, since this can 

cause corrosion (Yu, 2018). However, research has demonstrated that since the proportion 

of acid in the gas is only 1-2%, it should be safe to reduce the temperature of the gas to 40-

50°C without risking corrosion (Sørhuus, Wedde, Rye, & Nyland, 2009) (Wedde, 2018). 

The amount of energy relative to gas outlet temperature is shown in Figure 2.3.  

The heat flow rate can be calculated using the following equation: 

 

�̇� =  𝐶𝑝 ∗ ∆𝑇 ∗ �̇� (2.1) 

 

Where Q is the heat flow rate in MWth, Cp is the specific heat of the gas (1 kJ/kg°C), ∆T is 

the temperature difference of the gas entering and exiting the heat exchanger (about 110°C 

entering temperature and varying exit temperature) and ṁ is the mass flow rate of the total 

gas flow at Fjarðaál. 
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Figure 2.3 Relationship between heat recovery capacity and gas outlet temperature 

(Yu, 2018) 

When the gas leaves the pot rooms, its temperature is about 110°C. In Iceland, the 

average ambient temperature difference differs relatively little between seasons in 

comparison with other countries. Therefore, seasonal differences in gas temperature are also 

relatively small, with the gas temperature, ranging from 95 to 130°C, but it is at average 

around 110°C with small variance (Yu, 2018). 

 Current conditions in Reyðarfjörður and surrounding 

communities 

The population of Reyðarfjörður is about 1300 and there are about 500 residences in 

the town (Fjarðabyggð, Fjarðabyggð í tölum, 2018). Currently, residences in Reyðarfjörður 

are heated with electricity. The electricity is supplied by Rafveita Reyðarfjarðar, a local 

supplier. A portion of the electricity is generated by a local hydroelectric power plant owned 

by Reyðarfjörður and the remaining electrical demand is met from the grid (Fjarðabyggð, 

Fjarðabyggðarveitur, 2018). 

There is a small local distribution system of hot water that heats and supplies hot water 

to the local school, a small swimming pool, a nursery school and community center. The 

combined heat demand for these public buildings is about 225 kW (Sigurjónsson, 2018). 

The other houses in Reyðarfjörður use either a boiler to heat water for heating or electrical 

heaters. Furthermore, a handful of houses utilize air-to-water heat pumps. In general, houses 

in Reyðarfjörður use hot water tanks for household water (Sigurjónsson, 2018). 

Using electricity to heat homes is more expensive than using geothermal energy. To 

address the lack of geothermal heating for the remaining 10% of homes, the government 

partly subsidizes the cost of distribution of electricity used for residential heating and 

imposes a reduced rate of value added tax on this electricity. Nevertheless, residential 

heating is substantially more expensive in areas not served by geothermal heating 



10  CHAPTER 2: METHODS 

   

(Orkusetur, 2018). 

The power demand for residential heating and water for household use at 

Reyðarfjörður is about 4.7 MWth during the coldest month of the year (H.G. & K, 2010) 

(Sigurjónsson, 2018). However, considering that the cost of heating could be reduced with 

a waste heat recovery system, usage could increase as a result. Furthermore, the heating 

system should have sufficient capacity for some fluctuation in operational conditions as well 

as total number of users. Therefore, it is estimated that the peak power demand in 

Reyðarfjörður after the installation of the system will be 5 MWth. Table 2.1 shows the 

average temperature by month at Reyðarfjörður in 2017 as well as the estimated energy 

consumption during each month based on the average temperature. 

Table 2.1 Average monthly temperatures at Reyðarfjörður (yr.no, 2018) and the 

estimated heat demand monthly 

Month 
Average temp 

[°C] 

Peak power 

demand [kW] 

Heat demand 

[MWh] 

Jan 0,5 5 000 3 600 

Feb 0,6 4 976 3 582 

Mar 0,5 5 000 3 600 

Apr 1,4 4 780 3 442 

May 3,7 4 220 3 038 

Jun 6,2 3 610 2 599 

Jul 8,2 3 122 2 248 

Aug 8,7 3 000 2 160 

Sep 6,9 3 439 2 476 

Oct 4,4 4 049 2 915 

Nov 2,1 4 610 3 319 

Dec 0,8 4 927 3 547 

Average 3,7 4 228 3 044 

 

As seen in Table 2.1, the annual energy consumption at Reyðarfjörður can be 

estimated to be about 36 500 MWh. The energy that can be utilized from a given mass of 

water can be calculated using the following equation: 

 

𝑄 =  𝐶𝑝 ∗ ∆𝑇 ∗ 𝑚 

 

(2.2) 

 

 

Where Q is the energy in kJ, 𝐶𝑝is the specific heat of water (about 4,2 kJ/kg°C), ∆T is 

the temperature difference between the water entering the household, which is assumed to 

be 80°C and the temperature of the water leaving the household, which is assumed to be 

40°C, and m is the mass of one cubic meter of water (about 1000 kg). In practice, we can 
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assume that these parameters might vary slightly depending on the network losses in the 

system, fluctuation in operational conditions (temperature and flow of gas) and if household 

owners decide to utilize the hot water for purposes additional to heating and household use, 

for example snow melting. The return temperature could be closer to 35°C at times 

(Haraldsson & Ketilsson, 2010). However, taking into account adequate insulation, the 

network losses are expected to be minimal. The system is designed and calculated based on 

conservative parameters and assumptions so that some fluctuation of operational conditions 

is acceptable without suffering loss in performance. It is also worth mentioning that the 

estimated power demand of Reyðarfjörður is based on the conditions mentioned above. This 

implies that additional utilization of hot water is taken into account in the estimations. 

Applying these numbers to the equation results in: 

 

168.000 𝑘𝐽 = 4,2
𝑘𝐽

𝑘𝑔°𝐶
∗ 40°𝐶 ∗ 1000 𝑘𝑔 

 

(2.2) 

 

 

Rounding up gives 47 kWh per cubic meter of water, which implies that Reyðarfjörður 

requires about 777 167 m3 of hot water per year. Currently, the cost per kWh for heating 

houses in Reyðarfjörður is 7.15 ISK (Orkusetur, 2018), meaning that the calculated annual 

cost for residential heating in Reyðarfjörður is approximately 261 000 000 ISK. 

Eskifjörður is a town close to Reyðarfjörður. In Eskifjörður there are two hot water 

boreholes that supply the town with enough hot water for heating and household use. 

Meanwhile, there are other nearby towns, for example Fáskrúðsfjörður and Seyðisfjörður, 

where there is no geothermal hot water currently available. The heating methods in these 

towns are similar to those in Reyðarfjörður. These are some of the towns that are within the 

scope of using heat from Fjarðaál for district heating. 

 Heat recovery system 

2.6.1 Location  

As mentioned in section 2.4, utilizing the heat from the hot gas from approximately 

110°C to about 50°C should be safe with respect to corrosion. However, achieving such a 

high temperature difference (60°C) might not only be difficult technically, but also 

unnecessary, due to the ample amount of exhaust gases available. 

There are two GTCs at Alcoa Fjarðaál, east and west. Each GTC operates on half of 

the total plant gas flow. Each GTC has two equally loaded branches leading into it, which 

implies each branch delivers one quarter of the total gas flow. These branches are then again 

split into two, each one transporting exhaust gases from 42 pots, or one eighth of the total 

plant gas flow. As shown in Figure 2.4, there are two logical locations for positioning a heat 

exchanger – either on a branch carrying a quarter of the gas (marked in red) or one carrying 

an eighth (marked in blue). 
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Figure 2.4 Layout of west wing piping system to one GTC unit 

Maintaining equal suction levels from all pots is important to maintain stable and equal 

gas flows in all branches of the GTCs. Unequal suction could result in unequal gas collection 

efficiency among the pots, which in turn could result in unequal distribution of the gas 

among GTC filtering modules, interfering with scrubbing efficiency, resulting in increased 

emissions (A, N, & C, 2015). At the plant, the gas is transported through a piping system 

with main fans providing suction at each GTC. An implication of this setup is that the suction 

to one pot room can only be controlled by changing the suction to half of the plant’s pot 

rooms. Therefore, placing a heat exchanger system at, for example, a single 1/8 location 

would not be ideal, since this would create unequal suction in the plant. Meanwhile, setting 

things up so that identically sized heat exchangers are positioned at each 1/4 branch or at 

each 1/8 branch would be reasonable from the perspective of suction. 

There is however, one other possible solution. Currently the suction at the plant is in 

fact not completely balanced. As shown in Figure 2.4 the distance from the GTC to the pot 

rooms is considerably greater at one end than the other. The result is a greater pressure loss 

at one end, by about 200-300 Pa (Björgvinsson, 2018). A heat recovery system in which the 

pressure loss is within 600 Pa positioned on the shorter end would result in an unchanged or 

lower overall pressure differential in the system. Keeping the pressure loss of the heat 

recovery system at about 300 Pa could even work to mitigate the suction imbalances in the 

plant. It might be challenging to achieve this in practice, but it is nonetheless an option worth 

exploring.  

2.6.2 Calculations 

The heat exchangers that are considered in this work are counter-flow shell and tube 

heat exchangers similar to General Electric’s heat exchanger used in Mosjoen, Norway. In 

order to calculate the size and number of heat exchangers needed to recover enough heat for 

district heating in Reyðarfjörður the following equations are used: 

 

�̇� = �̇� ∗ 𝐶𝑝 ∗ ∆𝑇 

 

(2.3) 
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𝑚1̇ ∗ 𝐶𝑝1 ∗ (𝑇1𝑖𝑛 − 𝑇1𝑜𝑢𝑡) =  𝑚2̇ ∗ 𝐶𝑝2 ∗ (𝑇2𝑖𝑛 − 𝑇2𝑜𝑢𝑡) 

 

(2.4) 

 

 

Where Q̇  is the heat flow , ∆𝑇 is the temperature difference of the corresponding inlet 

and outlet temperatures, m1̇  and m2̇  are the mass flow rates of the gas and water, 𝐶𝑝1 and 

𝐶𝑝2 are the specific heat of the gas (1.0009 kJ/kg°C) and water (4.186 kJ/kg°C), 𝑇1𝑖𝑛 − 𝑇1𝑜𝑢𝑡 

and 𝑇2𝑖𝑛 − 𝑇2𝑜𝑢𝑡 are the differences between the inlet and outlet temperatures of the gas and 

water, all respectively. Each side of the equation represents the heat for each fluid. Following 

this, the required heat transfer area, A, can be calculated as follows: 

 

𝑄 = 𝑈 ∗ 𝐴 ∗ ∆𝑇𝑙𝑚  (2.5) 

 

Where 𝑈 is the estimated overall heat transfer coefficient in the heat exchanger (60 

W/m2K). 𝑈 is estimated based on common heat exchanger design and applications (Bassam, 

2018) (TheEngineeringToolbox, 2018). A is the heat transfer area and ∆𝑇𝑙𝑚 is the log mean 

temperature, which can be calculated using the following equation: 

 

∆𝑇𝑙𝑚 =
(𝑇1𝑖𝑛 − 𝑇2𝑜𝑢𝑡) − (𝑇1𝑜𝑢𝑡 − 𝑇2𝑖𝑛)

𝑙𝑛 (
𝑇1𝑖𝑛 − 𝑇2𝑜𝑢𝑡

𝑇1𝑜𝑢𝑡 − 𝑇2𝑖𝑛
)

 

 

(2.6) 

 

 

To calculate the number of required tubes in the heat exchangers the following 

equations can be applied: 

 

𝐴𝑇 = 𝜋 ∗ 𝐷 ∗ 𝐿 
(2.7) 

 

 

𝑁 =  
𝐴

𝐴𝑇
 

 

(2.8) 

 

 

Where 𝐷 is the diameter of each tube and 𝐿 is the length of each tube. 𝐴𝑇 is the surface 

area per tube and 𝑁 is the number of tubes. 

After a number of iterations, the following parameters were selected, with the 

corresponding outcomes shown in Table 2.2. 
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Table 2.2 Parameters used for calculations and corresponding outputs based on 

calculations for a closed loop system per heat exchanger 

Description Inputs Description Outputs 

Flow rate of gas per 

HEX 

𝑚1 =
910

𝑚3

𝑠
(2 ∗ 2 ∗ 2 ∗ 2)

= 56.875 
𝑚3

𝑠
 

Flow rate of water 

per HEX 
𝑚2 = 7.8 

𝑙

𝑠
 

Temperature of gas 

entering HEX 
𝑇1𝑖𝑛 = 110 °𝐶 

Log mean 

temperature 
∆𝑇𝑙𝑚 = 37 °𝐶 

Temperature of gas 

exiting HEX 
𝑇1𝑜𝑢𝑡 = 85 °𝐶 Heat transfer area 𝐴 = 588,71 𝑚2 

Temperature of 

water entering HEX 
𝑇2𝑖𝑛 = 40 °𝐶  

Surface area per 

tube 
𝐴𝑇 = 2.83 𝑚2 

Temperature of 

water exiting HEX 
𝑇2𝑜𝑢𝑡 = 80 °𝐶 Number of tubes 𝑁 = 209 

Diameter of each 

tube in HEX 
𝐷 = 150 𝑚𝑚 

Energy utilized 

per HEX 
𝑄 = 1.3 𝑀𝑊𝑡ℎ 

Length of each tube 

in HEX 
𝐿 = 6 𝑚   

 

Having smaller diameter tubes inside the heat exchanger (𝐷) but in greater number 

(𝑁) to provide the heat transfer area (𝐴) needed to generate sufficient power (𝑄) would also 

be possible. By doing this the heat transfer coefficient could be increased as well as the 

velocity of the gas through each tube. This could decrease fouling build up in the heat 

exchanger. However, reducing the size of the tubes results in inceased pressure loss over the 

heat exchanger. In practice, fine tuning is advised based on exact operational conditions and 

requirements from the system but 150 mm tubes are assumed for this case. 

Figure 2.5 shows the temperature versus heat (T-Q diagram) for each heat exchanger 

in the heat recovery system. 

 

Figure 2.5 T-Q diagram for each heat exchanger in the heat recovery system 

As shown in Figure 2.5 the heat flow rate per heat exchanger is 1.3 MWth. The water 
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entering the heat exchanger is at 40°C and the exhaust gas enters at 110°C. Then heat flows 

from the 110°C exhaust gas heating up the water to 80°C. The heat in the exhaust gas is 

utilized down to 85°C. 

 Distribution system 

2.7.1 Open loop vs. closed loop application 

The terms open loop and closed loop refer to the loop that the water used for residential 

heating is transported in. 

As mentioned previously, the population of Reyðarfjörður is about 1 300. 

Nevertheless, the amount of piping needed to heat all the houses in Reyðarfjörður is 

substantial. Based on drawings of the current cold-water piping system in Reyðarfjörður it 

can be estimated that the length of piping is about 35 km. It is assumed to be the distance 

required for a heating system as well. The distance from Alcoa Fjarðaál to Reyðarfjörður is 

about 5 km.  

For a closed loop system, 70 km of piping inside the town and 10 km piping outside 

would be required. The 10 km piping running from the plant to Reyðarfjörður could be 

installed below or above ground with proper insulation. In this study it is assumed to be 

above ground. 

Considering the cost of each meter of piping and the length needed for a closed loop 

system, an open loop system might be more desirable. However, if the water were distributed 

in an open loop system it would have to be heated from about 7°C, which is the temperature 

of cold potable water, as opposed to 40°C in a closed loop system. This would require a 

large heat exchanger at the plant, which would add to the total cost.  

This could also result in insufficient flow rate of hot water to Reyðarfjörður or the 

requirement to utilize the heat in the water below efficient temperature levels in order to 

meet Reyðarfjörður’s heat demand. Considering the high temperature differentials for an 

open loop system and the possibly increased flow rate required for the liquid coming from 

the plant, there could be a greater technical challenge than for a simpler closed loop system. 

The other option would be to have a closed loop heating circuit between the plant and 

Reyðarfjörður, but an open loop for the water being used for residential heating and 

household use. This would require a water to water heat exchanger to transfer the heat 

between the fluids. This would entail a 45 km pipeline for inside and outside of the town 

combined. However, this system would have poor efficiency when compared to the closed 

loop system due to rejecting the heat from the water exiting at ~40°C in the open loop. 

Since the argument for choosing an open loop system would be one of lowering costs, 

adding more heat exchangers and increasing the size of the system to make an open loop 

system feasible, with corresponding increases in cost, could negate the argument. 

Both systems would require an open loop for household use water. 

Table 2.3 gives a comparison of the two options. 

  



16  : METHODS 

   

Table 2.3 Comparison of closed and open loop systems 

Closed loop system Open loop system 

70 km piping inside Reyðarfjörður 35 km piping inside Reyðarfjörður 

10 km piping ouside Reyðarfjörður 10 km piping outside Reyðarfjörður 

Water in a closed loop heating circuit with 

Fjarðaál from ~40°C to ~80°C is used from 

heating (80-85% of the water) Water in a closed loop heating circuit with 

Fjarðaál is utilized in a water to water heat 

exchanger from ~80°C to ~40°C 
Water in a closed loop heating circuit with 

Fjarðaál is utilized in a water to water heat 

exchanger from ~80°C to ~40°C (15-20% of the 

water) 

Water in an open loop is heated from ~7°C to 

~60°C and utilized for household use then sent 

to a drain 

Water in an open loop is heated from ~7°C to 

~75°C and utilized for heating and household 

use then sent to a drain 
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Chapter 3 

3Results 

 Preliminary design of heat recovery system 

The proposed system for the closed loop system assumes two heat exchangers 

connected in parallel at each 1/8 branch at the right side of the gas treatment center (see 

Figure 2.4). This positions the heat exchangers where the distance between the pot rooms 

and the GTC is shorter. The goal is to keep the pressure loss unchanged or at less than 300 

Pa for each pair, resulting in the same, or lower, pressure differential for the overall gas 

treatment system. 

Having the water in a closed loop heating circuit ensures that the temperature 

difference between the water going in and the water going out of the heat exchanger can be 

held at about 40°C. This results in requirements for a smaller heat exchanger, in view of the 

smaller temperature difference, as well as a rather simple system, in which the water and gas 

go only through one heat exchanger. This also ensures that the pressure loss on the gas side 

is minimal when compared to other systems. A closed loop also implies that no heat is lost 

out of the system from rejecting ~40°C water. 

Figure 3.1 shows the heat recovery system for the closed loop system. 
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Figure 3.1 Heat recovery system for closed loop system – 5.2 MWth 
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According to the calculations shown in Table 2.2, fitting four 6m length, counter flow 

shell and tube heat exchangers with at least 209 DN150 tubes would be enough to supply 

Reyðarfjörður with approximately 31 l/s of 80°C hot water, or 5.2 MWth for Reyðarfjörður. 

In order to accommodate the required number of 150 mm tubes, a heat exchanger of 

3 m diameter is required. Figure 3.2 shows the cross section of a possible shell and tube heat 

exchanger that could be used.  

The cross-section in Figure 3.2 assumes a pitch of 1.25 times the diameter of the pipe, 

which is the minimum allowed pitch to ensure sufficient heat transfer (Mukherjee, 1998). 

 

 

Figure 3.2 Cross section of a shell and tube tube heat exchanger with 211 DN150 

tubes 

A 3m diameter heat exchanger can fit 211 150 mm tubes, which is slightly greater than 

the required number of 150 mm tubes (209). 

Figure 3.3 and 3.4 show possible designs for these four heat exchangers. The heat 

exchangers would be made of steel or stainless steel. 
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Figure 3.3 Possible heat exchanger for waste heat recovery – angle 

 

 

Figure 3.4 Possible heat exchanger for waste heat recovery – side 
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As mentioned above, there is also an option of having a closed loop system running 

from the plant to Reyðarfjörður but with an open loop system inside Reyðarfjörður. The 

rationale for this system would be to reduce the material cost of the distribution system inside 

Reyðarfjörður, in light of the shorter pipeline distance for the open loop portion. This 

configuration would be the similar to what is described above but would require more heat 

exchangers of similar size to accommodate the increased heat demand. The increased heat 

demand stems from the system being an open loop system inside Reyðarfjörður, meaning 

cold water at about 7°C needs to be heated to about 75°C instead of 40°C water being 

recycled and heated back up to 80°C. 

Adding heat exchangers to the same side of the GTC or increasing the size of the heat 

exchangers risks misbalancing the suction to the pot rooms substantially. Thus, adding four 

more heat exchangers of the same size and using the same temperature differentials as 

discussed above at the opposite side of the GTC seems more reasonable. 

Figure 3.5 shows the heat recovery system for the open loop system. 
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Figure 3.5 Heat recovery system for open loop system – 10.4 MWth
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 Preliminary design of hot water distribution system 

The size of the pipeline running from Fjarðaál to Reyðarfjörður would be 200 mm in 

diameter for a closed loop system. This is assuming the required flow rate of the water during 

the coldest months to be 30 l/s. A 200 mm pipeline could supply up to 50 l/s if needed, while 

maintaining a pressure loss of less than 100 Pa/m (Set_ehf, 2018). For the open loop system, 

the required flow rate of the water during the coldest months is about 60 l/s. This implies 

that for the open loop system a 250 mm pipeline would be needed. The size of the pipeline 

for each application inside Reyðarfjörður is listed in Table 3.1. 

Table 3.1 Pipeline size based on application inside Reyðarfjörður 

Application Diameter of pipes [mm] 

Main distribution piping DN125 

Street distribution piping DN65 

House distribution piping DN25 

 

The pipe size is determined by application, for example a pipeline running from the 

street to each house does not have to be as big as a pipeline carrying the water for the whole 

street. 

A pump station is needed at Reyðarfjörður to control the flow of the water. A water 

tank is also needed to level off the differences between production and consumption as well 

that to serve as an expansion system for the distribution system. Houses in Iceland are 

usually quite well insulated so the need to store large amounts of backup heat is not as crucial 

as in countries where houses are less insulated.  

For example, in another town in Iceland, Selfoss, where there are about 7 900 

inhabitants a 2 600 m3 water tank is being used in the district heating system (Arborg, 2018) 

(Sveinsson, 2018). Considering the population of Reyðarfjörður compared to that of Selfoss, 

and rounding the calculations up to the next hundred, a 500 m3 water storage tank should be 

sufficient for Reyðarfjörður. However, this only applies for the closed loop system, since for 

the open loop system approximately twice the amount of hot water is needed to heat up the 

cold water from 7°C to 75°C rather than keeping it in a closed loop. This implies that for the 

open loop system a 1 000 m3 water storage tank would be needed. 

If a closed loop system is assumed, an additional water-to-water heat exchanger should 

be included to transfer the heat from the hot water coming from the plant to heat cold water 

that could be used as water for household use in Reyðarfjörður. A larger water-to-water heat 

exchanger would be needed for an open loop system to heat cold water for district heating 

as well as household use. An alternative option for the closed loop system would be to have 

individual heat exchangers installed in each household, instead of having one heat exchanger 

at the pump station to serve all houses. 

Using equations 2.3 and 2.4 the calculations for these water-to-water heat exchangers 

could be done in order to estimate how much cold water is needed as well as the size of the 

heat exchanger for each case. 

Tables 3.2 and 3.3 show the corresponding outputs from these calculations for the 

closed loop and open loop system, respectively. 
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Table 3.2 Parameters used for calculations and corresponding outputs from 

calculations for a water-to-water heat exchanger - closed loop 

Description Inputs Description Outputs 

Flow rate of hot water 𝑚1 = 6,2 
𝑙

𝑠
 

Flow rate of cold 

water 
𝑚2 = 4,7 

𝑙

𝑠
 

Temperature of hot water 

entering HEX 
𝑇1𝑖𝑛 = 80 °𝐶   

Temperature of hot water 

exiting HEX 
𝑇1𝑜𝑢𝑡 = 40 °𝐶   

Temperature of cold water 

entering HEX 
𝑇2𝑖𝑛 = 7 °𝐶    

Temperature of cold water 

exiting HEX 
𝑇2𝑜𝑢𝑡 = 60 °𝐶   

 

Figure 3.6 shows the T-Q diagram for the water-to-water heat exchanger in the closed 

loop system. 

 

 

Figure 3.6 T-Q diagram for the water-to-water heat exchanger in the closed loop 

system 

As shown in Figure 3.6 the heat flow rate in the heat exchanger is about 1 MWth. The 

cold water entering the heat exchanger is at 7°C and the hot water enters at 80°C. Then heat 

flows from the 80°C hot water heating up the cold water to 60°C. The heat in the hot water 

is utilized down to 40°C. 
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Table 3.3 Parameters used for calculations and corresponding outputs from 

calculations for a water-to-water heat exchanger - open loop 

Description Inputs Description Outputs 

Flow rate of hot water 𝑚1 = 62,4 
𝑙

𝑠
 

Flow rate of cold 

water 
𝑚2 = 34,3 

𝑙

𝑠
 

Temperature of hot 

water entering HEX 
𝑇1𝑖𝑛 = 80 °𝐶   

Temperature of hot 

water exiting HEX 
𝑇1𝑜𝑢𝑡 = 40 °𝐶 

 
 

Temperature of cold 

water entering HEX 
𝑇2𝑖𝑛 = 7 °𝐶  

 
 

Temperature of cold 

water exiting HEX 
𝑇2𝑜𝑢𝑡 = 75 °𝐶 

 
 

 

Figure 3.7 shows the T-Q diagram for the water-to-water heat exchanger in the open 

loop system. 

 

 

Figure 3.7 T-Q diagram for the water-to-water heat exchanger in the open loop 

system 

As shown in Figure 3.7 the heat flow rate in the heat exchanger is about 10,4 MWth. 

The cold water entering the heat exchanger is at 7°C and the hot water enters at 80°C. Then 

heat flows from the 80°C hot water heating up the cold water to 75°C. The heat in the hot 

water is utilized down to 40°C. 

The envisioned closed loop and open loop distribution systems are described visually 

in Figures 3.8 and 3.9, respectively.
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Figure 3.8 Closed loop distribution system 
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Figure 3.9 Open loop distribution system 
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 Excess heat 

As seen in Table 2.1 the heat demand at Reyðarfjörður varies throughout the year. 

During the warmer months of the year only about 60% of the heat is needed to supply 

Reyðarfjörður with enough heat compared to the coldest months. This excess heat could be 

used for a number of interesting projects. There is a strong tradition of geothermally heated 

swimming pool facilities in Iceland, often featuring hot pots, different pools and water slides 

in addition to traditional swimming pools. Use and enjoyment of such facilities is 

widespread among the population as well as among tourists. Currently, Reyðarfjörður has 

only a small electrically-heated swimming pool used for teaching children to swim 

(Sigurjónsson, 2018) (Fjarðabyggð, Opnunartími í sundlauginni á Reyðarfirði, 2018). 

Excess hot water could provide the basis on which to build a much better pool facility, which 

would have a referred effect of increased revenues from tourists, who would be drawn to this 

facility.  Another possibility might be to develop facilities for warm-water ocean bathing, 

similar to what has been developed in Nauthólsvík in Reykjavík, potentially with an 

associated spa. Again, this would be greatly appreciated by the locals as well as being a 

potential big draw for tourists. 

 Cost estimate 

3.4.1 Heat recovery system 

The choice of solution will impact the cost for a heat recovery system for Alcoa 

Fjarðaál to some extent. As mentioned above there are a few different solutions assuming 

different types of heat exchangers that are within the scope of this work. However, the scope 

is roughly the same regardless of what solution is selected meaning that the cost will not 

vary a great deal. However, the difference between a closed loop system and an open loop 

system does affect the cost significantly due to the open loop system being twice the size in 

terms of the number of heat exchangers.  

Based on cost estimates obtained from companies with substantial experience in this 

field, a closed loop heat recovery system that would enable the plant to supply sufficient hot 

water for Reyðarfjörður is estimated to be in the range 450 000 000 – 600 000 000 ISK 

including design and shipping (Personal communication with Siver Ose, 2018) (Personal 

communication with Bassam Hureiki, 2018). 

For the open loop system, the cost will not quite double, even though the open loop 

system is twice the size since the design is the same but applied at two different locations. 

The open loop system is estimated to be in the range 750 000 000 – 950 000 000 ISK 

including design and shipping (Wedde, 2018). 

3.4.2 Distribution system 

As mentioned above, two options can be considered, an open loop system and a closed 

loop system. However, keeping the temperature difference between the water entering and 

exiting the heat exchanger at Fjarðaál below or around 40°C is ideal. This requires a closed 

loop system for the 5 km distance from the plant to Reyðarfjörður, but an open loop system 

might be envisioned inside Reyðarfjörður. This can be seen better in Figures 3.6 and 3.7. 
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The length of the pipeline outside of Reyðarfjörður will need to be 10 km regardless of what 

system is implemented inside of Reyðarfjörður. 

Table 3.4 shows the cost of the pipeline for the open loop and closed loop systems. 

The average price per meter is shown for each application. This includes the cost of 

materials, labor and design. 

Table 3.4 Cost estimate for open and closed loop distribution systems (Personal 

communication at Efla, 2018) 

System Location Distance [km] 
Price per meter 

[ISK] 

Total 

estimated cost 

[ISK] 

Open loop 

Inside town 35 26 941 

1 549 775 000 

Outside town 10 60 684 

Closed loop 

Inside town 70 26 941 and 15 206 

1 926 665 000 

Outside town 10 45 152 

 

The reason for the two different costs shown for the closed loop system inside 

Reyðarfjörður is that only one canal is needed, regardless of the pipeline running back and 

forth. So, the first half of the distance inside Reyðarfjörður (35 km) costs 26 941 ISK and 

the other half (35 km) only 15 206 ISK (Personal communication at Efla, 2018). 

The cost of a pump station for a system of this size is about 69 000 000 ISK including 

the cost of materials, labor and design. This number can be assumed to be the cost estimate 

of the pump station at Reyðarfjörður, since the pump station mentioned has very recently 

been built (Sveinsson, 2018). 

The cost of a 500 m3 cylindrical water tank with a 12 m diameter and about 4.5 m in 

height with an average wall thickness of about 5 mm can be calculated. Similarly, a 1 000 

m3 cylindrical water tank with a 14 m diameter and about 6.5 m in height with an average 

wall thickness of about 5 mm can be calculated. Assuming the price of steel is 1 500 ISK 

per kilogram and the price of insulation is 25 000 ISK per m2 the following formulas can be 

used: 

 

𝑚 = ((𝑑 ∗ 𝜋 ∗ ℎ) + (𝑟2 ∗ 𝜋 ∗ 2)) ∗ 𝑡 ∗ 𝜌 

 

(3.1) 

 

 

𝐴 = (𝑑 ∗ 𝜋 ∗ ℎ) + (𝑟2 ∗ 𝜋) 

 
(3.2) 

Where 𝑚 is the total mass of the water tank, 𝑑 is the diameter, ℎ is the height, 𝑟 is the radius, 

𝑡 is the thickness, 𝜌 is the density of steel (8 050 kg/m3) and 𝐴 is the total surface area of the 

water tank, excluding the bottom surface.  

Tables 3.5 and 3.6 show the results from these calculations. 
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Table 3.5 Cost estimate of a 500 cubic meter water tank 

Type Quantity Price per unit [ISK] 
Total amount per 

part 

Steel 15 925 kg 1 500 23 887 500 

Insulation 283 m2 25 000 7 075 000 

 

Taking into account unforeseen costs of 20% of the total estimated cost for the 500 m3 

water tank is 37 155 000 ISK. 

Table 3.6 Cost estimate of a 1000 cubic meter water tank 

Type 
Quantity Price per unit [ISK] Total amount per 

part 

Steel 23 887 kg 1 500 35 830 500 

Insulation 440 m2 25 000 11 000 000 

 

Taking into account unforeseen costs of 20% of the total estimated cost for the 1 000 

m3 water tank is 56 196 600 ISK. 

Assuming a closed loop system, the cost of a heat exchanger for heating cold water 

for household use is estimated at 638 120 ISK. Assuming an open loop system, the cost of 

a heat exchanger for heating cold water for district heating and household use is estimated 

at 6 645 200 ISK (Bjarnason, 2018). 

For Þorlákshöfn, a town that has roughly the same number of residents as 

Reyðarfjörður, the cost of water intakes and other valves for cold water is estimated to cost 

about 45 000 000 ISK including the cost of materials, labor and design. This number can be 

assumed to be similar to that for a heating system (Sveinsson, 2018). 

Assuming a closed loop system, table 3.7 shows the cost estimates of all elements 

combined for the distribution system. 

Table 3.7 Cost estimate of all parts of the distribution system assuming a closed loop 

system 

Part Cost [ISK] 

Piping 1 926 665 000 

Intakes and valves 45 000 000 

Pump station 69 000 000 

Water tank 37 155 000 

Water-to-water heat 

exchanger 
638 120 

Total 2 078 458 120 

 

 

Assuming an open loop system, table 3.8 shows the costs of all elements combined 

for the distribution system. 
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Table 3.8 Cost estimate of all parts of the distribution system assuming an open loop 

system 

Part Cost [ISK] 

Piping 1 549 775 000 

Intakes and valves 45 000 000 

Pump station 69 000 000 

Water tank 56 196 600 

Water-to-water heat 

exchanger 
6 645 200 

Total 1 726 616 800 

3.4.3 Waste heat recovery for district heating 

Adding the cost estimate of the heat recovery system to the cost estimate of all the 

parts of the distribution system for each system gives the results shown in table 3.9. 
 

Table 3.9 Overall cost estimate range for each system 

System System Price [M.ISK] 

Total cost 

estimate 

[M.ISK] 

Open loop 

Heat recovery 750 – 950 

2 477 – 2 677 

Distribution 1 727 

Closed loop 

Heat recovery 450 - 600 

2 528 – 2 678 

Distribution 2 078 

 

 Breakeven estimation 

3.5.1 Assumptions 

Three ways of estimating the breakeven point (BEP) were considered.  

Option A: Assume that hot water is being sold at the same price as geothermal hot 

water in other small towns in Iceland.  

Option B: Take the current cost of heating water in Reyðarfjörður and reduce that by 

some percentage, to compensate for that fact that a lot of construction will have to be 

undertaken in and around the town, as well as potentially installing new equipment in homes. 

Option C: Assume that the government will provide seed capital for the project that is 

equivalent to 5 years’ worth of current subsidies on residential electrical heating and 
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distribution. This is followed by Option B. 

The cost of geothermal hot water in other small towns in Iceland is about 130 ISK per 

cubic meter (Veitur, 2018). The cost per kWh of electricity to heat water for district heating 

is currently 7.15 ISK in Reyðarfjörður (Orkusetur, 2018). 

Taking into account the 5 MW heat requirement at Reyðarfjörður during the coldest 

months of the year, the average annual heat requirement for Reyðarfjörður is about                 

36 500 000 kWh, which in turn corresponds to the use of about 777 000 m3 of 80°C hot 

water annually. It is assumed that this amount of hot water will be sold annually. 

Stable operation during the time it takes to reach BEP is assumed. To cover the initial 

cost a loan with 6% interest rate (3% nominal interest rate plus 3% rate of inflation) is 

assumed.  

3.5.2 Calculations 

In Reyðarfjörður the value added tax for electricity used for residential heating is 11% 

as opposed to 24% for electricity for other use. Residents are charged for the electricity itself 

as well as distribution of the electricity. As mentioned above, in Reyðarfjörður the 

government subsidizes the cost of distribution of electricity used for residential heating. This 

implies that although residents are charged for distribution, they don’t actually pay for it. 

However, in Reyðarfjörður there is a small equalization fee of 0.3 ISK per kWh for 

distribution. 

The amount of government subsidies for one year, assuming current levels of use, is 

calculated as follows: 

 

𝑇𝑜𝑡𝑎𝑙 𝑠𝑢𝑏𝑠𝑖𝑑𝑖𝑒𝑠 𝑎𝑛𝑛𝑢𝑎𝑙𝑙𝑦  = 36 500 000𝑘𝑊ℎ ∗ 𝑠𝑢𝑏𝑠𝑖𝑑𝑖𝑒𝑠 𝑝𝑒𝑟 𝑘𝑊ℎ 
(3.3) 

 

 

𝑠𝑢𝑏𝑠𝑖𝑑𝑖𝑒𝑠 𝑝𝑒𝑟 𝑘𝑊ℎ

= ((𝐸 ∗ 0,24) − (𝐸 ∗ 0,11)) + ((𝐹 ∗ 0.24) − (𝐹 ∗ 0.11)) + 𝐷 
(3.4) 

 

 

Where E is the price per kWh of electricity (6.14 ISK), F is the equalization fee (0.3 

ISK) and D is the price per kWh for distribution (5.12 ISK). This results in the following: 

 

𝑇𝑜𝑡𝑎𝑙 𝑠𝑢𝑏𝑠𝑖𝑑𝑖𝑒𝑠 𝑎𝑛𝑛𝑢𝑎𝑙𝑙𝑦 = 36 500 000𝑘𝑊ℎ ∗ 5.9572 𝐼𝑆𝐾
= 217 437 800 𝐼𝑆𝐾  

(3.5) 

 

This implies that seed capital for the project that is equivalent to 5 years’ worth of 

subsidies on residential electrical heating and distribution is 1 087 189 000 ISK. In Option 

C, this amount is subtracted from the total capital needed. 

Table 3.10 shows the estimated BEP for each system and system assuming option A, 

B and C, respectively. The estimate takes only potential revenues from selling hot water into 

account, while ignoring the monetary value of the potential operational benefits to Alcoa 

Fjarðaál outlined previously. 
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Table 3.10 Estimated BEP for each system assuming option A and B 

System System 
Total loan 

[M.ISK] 

Approx. BEP 

assuming Option 

A [years] 

Approx. BEP 

assuming Option 

B with 20% 

reduction [years] 

Approx. BEP 

assuming Option 

C with ~1 087 

M.ISK 

government 

grant, followed 

by Option B 

with 20% 

reduction [years] 

Open loop 

Heat recovery 750 - 950 11-14 4-6 0 

Distribution 1.727 Not viable 12 4 

Heat recovery + 

Distribution 
2 477 – 2 677 Not viable 21-25 9-10 

Closed loop 

Heat recovery 450 - 600 6-7 3-4 0 

Distribution 2.078 Not viable 16 6 

Heat recovery + 

Distribution 
2 528 – 2 678 Not viable 22-25 9-10 

 

In Table 3.10 where the BEP is marked as ‘Not viable’, this indicates that the 

estimated annual income will not be sufficient to cover interest. It is worth noting that if the 

seed capital for the project is equivalent to 12 years’ worth of subsidies, the estimated costs 

of a heat recovery system and distribution system for either the open loop or the closed loop 

system could be covered without a loan. 

Figure 3.10 shows the BEP for the two types of distribution systems based on different 

amounts of reduction of the current price of heating in Reyðarfjörður. 

 

 

Figure 3.10 BEP for the distribution systems for option B with varying price for hot 

water 
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 Risk and opportunity analysis 

A heat recovery system as well as a geothermal heat system entail both risks and 

opportunities. 

3.6.1 Heat recovery system 

Table 3.11 summarizes some of the main risks and opportunities for a heat recovery 

system. 

Table 3.11 Risks and opportunities for a heat recovery system 

Risks Opportunities 

A heating recovery system could cause more 

fouling build-up than anticipated and require 

frequent maintenance for cleaning to maintain 

an acceptable heat transfer coefficient and 

pressure loss 

The opportunity to utilize energy that would 

otherwise be wasted, as a substitute for electric 

district heating in Reyðarfjörður would enhance 

sustainability and contribute to a positive public 

image of Alcoa Fjarðaál as well as being 

consistent with Alcoa’s goals for social 

responsibility 

A heat recovery system could disrupt other 

factory processes 

Supplying local communities with hot water is 

socially responsible and would improve Alcoa 

Fjarðaál’s image to the public 

Alcoa Fjarðaál’s current energy contract might 

prohibit selling hot water to Reyðarfjörður 

HF absorption could be increased due to lower 

gas temperatures entering the GTC, with 

concomitant reduction in cost and 

environmental impact 

 

Bag filters could have longer lifetimes due to 

lower gas temperatures entering the GTC, 

which would reduce operation costs and 

environmental impact 

 

This project would reduce national energy 

consumption, freeing up energy resources for 

other projects and reducing the need for 

environmentally expensive power plants 

 

The risks of unanticipated fouling and general process disruption are considered 

highly unlikely, since there are several instances where heat exchangers upstream from 

GTCs have been in operation for several years without needing maintenance. As mentioned 

above, this has been the case at, for example, Alcoa Mosjøen, where climate conditions are 

relatively similar to those at Alcoa Fjarðaál. Alcoa Mosjøen supplies Alcoa Fjarðaál with 

anodes, so anode quality is also similar. This leaves the main concern with the heat recovery 

system, which is the current energy contract between Alcoa and Landsvirkjun, which 

supplies the plant with electricity. This contract prohibits Alcoa from competing directly 

with Landsvirkjun. Regenerating heat and selling it to the local communities might 

potentially be viewed as a form of competition by Landvirkjun, which also supplies 

electricity for district heating in communities such as Reyðarfjörður. However, increasing 

the efficiency of energy utilization is something Landsvirkjun can hardly refute – without 

suffering some level of backlash from the public – when the company’s declared 

environmental policies and proclaimed social responsibility are considered (Landsvirkjun, 

Energy Generation in Harmony with the Environment and Society, 2018). 
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The positive effect on Alcoa Fjarðaál’s reputation that can be expected from installing 

a heat recovery system and supplying Reyðarfjörður with hot water is very likely to 

influence the image of Alcoa and the aluminium industry in general to the public nationwide 

and even internationally. This coupled with the potential operational benefits of reducing 

HF emissions and the costs and environmental impact of bag filters provides a compelling 

impetus for Alcoa Fjarðaál to pursue heat recovery. 

3.6.2 Geothermal system 

Table 3.12 summarizes some of the main risks and opportunities for a geothermal 

system. 

Table 3.12 Risks and opportunities for a geothermal system 

Risks Opportunities 

The amount of geothermal heat in the region 

could be insufficient 

People could be keen to rely on geothermal heat 

due to the proven success of that technology in 

Iceland 

In case sufficient heat is found, boreholes could 

supply insufficient heat after a few years of 

operation 

 

Additional boreholes might be needed if the 

original borehole does not supply enough heat 
 

 

There has been some experimental drilling around Reyðarfjörður in search of 

geothermal heat. This exploration has led experts to believe that drilling with a temperature 

gradient of about 60°C/km is possible (Smárason, 2018) (Smárason, Hitaveita Eskifjarðar 

Framtíðarsýn 2015, 2015). However, the fact that such a system has not been implemented 

raises questions about its technical viability, which might be attributed to unreliable 

temperature gradients in the area or insufficient amounts of hot water.  

In a neighboring town of Eskifjörður, there are two geothermal boreholes that were 

drilled in 2002 and 2004. Recently the temperature of the water being supplied by those 

boreholes has decreased. The reason for this is unknown, however it has been suggested that 

it could be caused by the lack of injection, which would increase the cost. With proper 

injection this might not turn out to be a problem with the boreholes being discussed (RUV, 

2017). 

As described earlier, about 90% of houses in Iceland are currently heated using 

geothermal heat providing strong motivation to look for a similar system for Reyðarfjörður. 
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Chapter 4 

Discussion 

 Summary 

This study suggests that the conditions at Fjarðaál and Reyðarfjörður allow for a heat 

recovery system using the heat from the exhaust gases from the plant for the purpose of 

supplying Reyðarfjörður with hot water for district heating as well as household use. The 

heat available in the exhaust gases at the plant could not only supply Reyðarfjörður with hot 

water, but the abundance of heat could also be utilized in other nearby communities. The 

environmental benefits of installing a heat recovery system are clear, as the heat recovery 

system would reduce the temperature of the exhaust gas from the plant resulting in increased 

HF absorption and therefore decreased HF emissions. Two options were considered, a closed 

loop heating system where water is heated to 80°C with the hot gases at the plant and utilized 

down to 40°C for heating in Reyðarfjörður. The other option was an open loop system where 

the hot water running from the plant to Reyðarfjörður is kept in a closed loop heating circuit 

but an open loop is utilized inside Reyðarfjörður. The water is heated to 80°C using the hot 

gases at the plant and utilized down to 40°C at a water-to-water heat exchanger at 

Reyðarfjörður where 7°C water would be heated up to 75°C and utilized down to about 40°C 

for heating in Reyðarfjörður, before it is rejected. The closed loop system would utilize the 

heat better since the heat in the 40°C water would not be rejected but recovered in a closed 

loop. However, the open loop system requires half the amount of piping inside 

Reyðarfjörður, meaning that the cost for the distribution system would be lower. Meanwhile, 

the heat recovery system itself is more expensive for the open loop system since about twice 

the amount of heat is required to heat 7°C water to 75°C then from 40°C to 80°C. This 

implies that twice the number of heat exchangers are required at the plant. 

The estimated cost for the closed loop system including the heat recovery system as 

well as the distribution system is estimated to be 2 528 – 2 678 million ISK. The estimated 

cost for the open loop system including the heat recovery system as well as the distribution 

system is estimated to be 2 477 – 2 677 million ISK. These figures are relatively similar 

meaning the closed loop system is probably a better choice considering the greater efficiency 

of that system, both when considering the use of water as well as heat. 

There are a few options worth considering when estimating the breakeven point of the 

systems. The first option assumes residents in Reyðarfjörður would pay the same price that 

other people in Iceland pay for geothermal heating. The second option is to assume that 

residents in Reyðarfjörður would pay the price that they currently pay for heating, but with 

some reduction, taking into account the inconvenience associated with implementing a new 

heating system. The third option is to assume that the government would provide seed capital 

for the project equivalent to 5 years’ worth of subsidies on residential electrical heating and 

distribution and then assuming the residents in Reyðarfjörður would pay the same amount 

that they pay now for heating with some reduction. 

In the first option the estimated annual income would not be sufficient to cover interest 

for either the closed loop or the open loop system. In the second option, assuming a 20% 
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reduction, the breakeven point would be reached in 21-25 years for the open loop system 

and in 22-25 years for the closed loop system. In the third option, the breakeven point would 

be reached in 9-10 years for both the open and closed loop systems. If the government would 

provide seed capital for the project that is equivalent to 11-12 years’ worth of subsidies on 

residential electrical heating and distribution for Reyðarfjörður either the open loop or the 

closed loop system could be implemented without a loan or capital investments being 

required. 

 Conclusions 

Utilizing the energy at Fjarðaál better, lowering the temperature of the gases and 

supplying the local communities with hot water comes with a number of benefits. Social, 

environmental and potential economic gain are what Fjarðaál could benefit from a project 

like this. The surrounding communities would receive an alternative source of hot water, 

with lower cost and greater accessibility. However, this comes at a price – a substantial 

financial investment. In order for the project to be within viable terms economically, seed 

capital from the government equivalent to the current subsidies on electrical heating and 

distribution for a number of years is not required but would certainly tip the balance in favor 

of embarking on such a project. There is of course a theoretical risk that the system would 

not operate as assumed when it comes to fouling. From what is known of existing systems, 

this is not likely to be the case. However, even if this happens, the availability of an 

additional heat exchanger for maintenance should prevent severe operational repercussions. 

Another interesting option would be installing a pilot heat exchanger into the flow of 

the exhaust gas at the plant. This could be done to accurately estimate how fouling would 

affect the heat recovery at Fjarðaál as well as to view how lower temperatures influence HF 

emissions. The heat recovered through this pilot heat exchanger could, for example, be 

utilized to heat water that could be used at the plant. This could cut the cost of heating the 

plant itself while providing some operational benefits as well as being a test case for further 

steps. The heat recovery system could also be implemented at Fjarðaál on a smaller scale 

than is discussed in this thesis. For example, since there is already a distribution system in 

Eskifjörður, the heat could be used to enhance the output of the geothermal system at 

Eskifjörður during peak operation, as the temperature of the water being supplied by the 

boreholes there seems to have decreased. 

Based on the analysis conducted in this thesis project a tentative recommendation can 

be made for a path forward. This recommendation entails a closed loop system as described 

above. In the closed loop system, the heat recovery system would be located on the side of 

the GTC where the pressure loss is lower. The goal is to have the pressure loss over the heat 

recovery system at or below 600 Pa in order to maintain or reduce the overall suction 

imbalance at the plant. The heat recovery system would include four shell and tube heat 

exchangers as described above. To increase the odds of financial viability a case should be 

made for the government providing seed capital amounting to 12 years’ worth of subsidies 

to fund the project.  

It seems that there are countless opportunities and options as well as potential risks 

and challenges, but ultimately this boils down to an abundance of energy that is not being 

utilized under circumstances where it could be. 
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Abstract 
The Alcoa Fjarðaál smelter in Iceland consumes 4.600 GWh annually to produce aluminium. About 50% of the 

total energy absorbed by the cells is reduced to waste heat of which roughly 40% is currently lost through exhaust 

gases. The exhaust gases leave the cells at about 110°C before entering the gas treatment center (GTC). The 

feasibility of operating heat exchangers upstream of GTCs has been demonstrated at other smelters.  

Reyðarfjordur, which is 5.5 km from Fjarðaál currently uses electricity for domestic heating, like other 

surrounding communities. Previous research has shown that the waste heat from Fjarðaál is more than enough to 

supply space heating for the local community. This paper will address the technical challenges and suggest 

solutions to deliver heat in a closed loop heating circuit from the Fjarðaál plant to Reydarfjordur and estimate the 

total investment cost for the heat recovery system. 

 

Keywords 
Heat recovery, Waste heat, Exhaust gases, Heat exchanger, Energy recovery 

 

 

Introduction 
The aluminium production industry requires a lot of energy. In many cases, power plants are installed 

specifically for aluminium plants. Indeed, this is the case for Alcoa Fjarðaál in Reyðarfjörður, Iceland. 

The annual production of aluminum at Fjarðaál is about 350.000 tons. This results in roughly 4.600 

GWh per year being delivered [1]. The sad thing is that only about 50% of this energy ends up as 

chemical energy in the aluminium metal and the other 50% is lost in various ways. Fig 1 shows the 

distribution of heat loss in a typical cell. The heat lost through flue gases is about 40% of the total heat 

loss but is quite accessible. In view of the vast amounts of heat lost though flue gases, it begs the 

question of whether or not it could be possible to regenerate some of this heat, for example, by adding 

a heat recovery unit. 
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Figure 1 Heat loss from a typical Hall Heroult cell [2] 

 

Alcoa Fjarðaál is located in the east part of Iceland next to Reyðarfjörður where, currently, there is no 

geothermal source being utilized to provide hot water and heating for homes. Whether this is due to a 

lack of a usable geothermal heat source in this location or lack of initiative is up for debate. The lack 

of hot water from a geothermal source is rather uncharacteristic for Iceland since about 90% of 

Icelandic houses are heated with geothermal hot water [3]. Therefore, there is strong awareness of the 

benefits of district heating in Iceland, and a good reason to explore whether heat recovery from the pot-

room flue gas is a viable option.  

 

Background 
When it comes to locating a heat recovery system there are two options; upstream or downstream from 

the gas treatment center (GTC). Implementing a heat recovery system upstream from the gas treatment 

center, or on the dirty side, has its benefits as well as drawbacks. The temperature of the gas before it 

enters the GTC is higher than after the gas has been treated, by roughly 15°C [4]. When considering 

the total amount of gas flowing in the system, this energy is quite substantial, in particular as the 

temperature of the flue gas is not much higher than the serving temperature of a typical district heating 

system. Therefore, from an efficiency stand point, when it comes to energy recovery, placing a heat 

recovery system on the dirty side seems to be the clear choice. 

Reducing the temperature of the gas before it goes through the GTC can also be beneficial. Hydrogen 

fluoride (HF) emission has been shown to be directly related to gas temperature. A test performed by 

Geir Wedde shows that the relationship appears to be exponential, meaning that with higher gas 

temperature entering the dry scrubber HF emission increases exponentially [5]. Fig 2 shows the results 

of Wedde’s test. 



42    

   

 
Figure 2 Relationship between gas temperature and HF emission [5] 

 

Filter bags also have an increased lifetime if the temperature of the gas is lower [5]. This means that 

even if the heat recovered is not being utilized, there are clear benefits from just reducing the 

temperature of the gas before it enters the gas treatment center. 

The challenge in placing a heat recovery unit on the dirty side is just that – it’s dirty. The gas is filled 

with all sorts of particles that form residue or fouling inside pipes [6]. Too much fouling could reduce 

the performance of a heat exchanger drastically, so much so that the cost of maintenance for the heat 

exchanger could outweigh the benefits. This is something that could possibly be solved through clever 

design. 

There are existing solutions that tackle the problem with fouling on the dirty side. Fives Group has 

developed, but not implemented, a heat exchanger on the dirty side, and General Electric (Alstrom) has 

developed and successfully implemented heat exchangers into the flow of gas at the dirty side. For 

example, in Mosjoen Norway, a counter flow fire tube heat exchanger from General Electric has been 

operational for over eight years without having required cleaning due to pressure loss, while still 

maintaining an acceptable heat transfer coefficient. General Electric has four solutions set up around 

the world. One in Mosjoen, Norway, another one in Karmoy, Norway, the third in Hamburg, Germany 

and the last one in Bahrain, Saudi Arabia [7][8].  

At Fjarðaál the total volumetric flow rate of flue gas is 910 m3/s. The amount of energy that can be 

recovered depends on the outlet temperature of the gas. The acid dew point of the gas is 84°C and in 

regular practice it is not advisable to cool the gas below that mark to avoid corrosion [2]. However, it 

has been shown that since the amount of acid in the gas is limited, or only 1-2% of the gas, it is safe to 

cool the gas to 40-50°C without running into corrosion problems [7][9]. The amount of energy relative 

to outlet temperature of the gas is shown in fig 3. 
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Figure 3 Relationship between heat recovery capacity and outlet temperature of 

gas [2] 

 

The temperature of the gas when it comes out of the pot rooms is roughly 110°C. The average ambient 

temperature difference among seasons in Iceland is relatively small compared to other countries, which 

results in the temperature difference of the gas also being relatively small. The average temperature of 

the gas ranges from 95 to 130°C [2]. 

 

System description 
The goal of the system is to utilize enough heat from the exhaust gases from Fjarðaál to supply 

Reyðarfjörður with hot water for district heating as well as consumable hot water. The current heat 

demand for district heating in Reyðarfjörður is roughly 4 MWth and about 5 MWth when consumable 

hot water is included [10][11]. One idea is to have the heat delivered in a closed loop heating circuit 

from Fjarðaál to Reyðarfjörður. A flow diagram for a suggested system is shown in fig 4. 
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Figure 4 Flow diagram of suggested heating system 

 

Water is heated to about 80°C and pumped to a storage tank in Reyðarfjörður. From there the water is 

either distributed into the town for district heating or run through another heat exchanger to heat cold 

water for domestic use. The water is then returned to Fjarðaál at about 40°C and heated back up to 

80°C. 

Assuming the heat in the gas is utilized so that ΔT = 60°C (110-50°C), theoretically only roughly 1/10 

of the gas flow is needed to supply Reyðarfjörður with hot water for district heating and domestic 

consumption. However, achieving such a high ΔT might not only be difficult, but also unnecessary.  

At Fjarðaál there are two GTCs (west and east), which both operate on half of the total gas flow in the 

plant. There are two branches leading into each GTC, each supplying a quarter of the total gas flow. 

These branches are then split into two separate branches that gather the exhaust gases from 42 pots 

each, or an eighth of the total gas flow in the plant. Intuitively, there are two ideal locations to place a 

heat recovery unit at Fjarðaál; either connecting to the branch carrying a quarter of the gas or an eighth. 

These locations are shown in Fig 5.  

 
Figure 5 Layout of west wing piping system to the GTC 
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Having equal suction from each pot is important since imbalance in suction can lead to increased 

emission an unequal gas collection efficiency between the pots [12]. At Fjarðaál the gas is sucked 

through the piping system with main fans at each GTC. This means that the only way to control the 

suction to each pot rooms is to change the suction to half of the pot rooms at the plant. This means that 

placing a heat exchanger system at, for example, a single 1/8 location wouldn’t be ideal since it would 

create unequal suction in the plant. Having the same size heat exchanger system at each 1/4 branch or 

at each 1/8 branch would work with regards to suction. 

There is however, one other possible solution. Currently the suction at Fjarðaál isn’t completely 

balanced. As seen in Fig 5 the distance from the gas treatment center to the pot rooms is much greater 

at one end compared to the other. This results in a greater pressure loss at one end, or about 200-300 

Pa more [13]. Designing a heat recovery system where the pressure loss is within 600 Pa and placing 

it on the shorter end would result in an unchanged ΔP in the system. Having the pressure loss of the 

heat recovery system at about 300 Pa would even mitigate the suction imbalances in the plant. This 

might prove challenging to achieve, but is none the less an option worth mentioning.  

There are of course multiple different solutions using various types and numbers of heat exchangers at 

the locations mentioned. The proposed solution is to have two heat exchangers connected in parallel at 

each 1/8 branch at the right side of the gas treatment center (as seen in Fig 5), or where distance from 

the pot rooms to the gas treatment center is shorter. The idea would be to limit the pressure loss to 

within 300 Pa for each pair resulting in a decreased or same ΔP for the plant. The heat exchangers could 

be counter flow fire tube heat exchangers similar to General Electric’s. Assuming an overall heat 

transfer coefficient of 60 W/m2K and a ΔT of the gas of about 25°C, four 6m length, 3m diameter 

counter flow fire tube heat exchangers with about 210 DN150 tubes would be enough to produce 5 

MWth of 80°C hot water for Reyðarfjörður. 

 

Results and discussion 
Heat recovery of exhaust gases 
The cost of a heat recovery system at Fjarðaál of the aforementioned size, obviously varies a bit 

depending on the specifics of the solution. As mentioned above there are a few different solutions with 

different types of heat exchangers that could work but the rough scope is the same. Based on cost 

estimates obtained from companies with substantial experience in this field a heat recovery system for 

Fjarðaál to supply hot water for Reyðarfjörður is likely to cost about 4.000.000 - 5.000.000 USD. 

Given the 5 MW heat requirement at Reyðarfjörður during the coldest months of the year, the average 

annual heat requirement for Reyðarfjörður is about 36.500.000 kWh. This results in roughly 777.000 

m3 of 80°C hot water annually. Assuming stable operation and a price of 130 ISK per m3 of hot water, 

the return on investment would be reached in about 6-7 years assuming net present value and 6% 

interest. This only takes into account revenues from selling hot water and ignores the monetary value 

of the potential operational benefits discussed above. 

 

Comparison to cost of geothermal boreholes 
There has been some search for geothermal heat in a few areas around Reyðarfjörður where a lot of 

research boreholes have been drilled [14]. These research boreholes have indicated that there is indeed 

some hot water that could theoretically be utilized for district heating. However, the potential heat that 

can be extracted in this area pales in comparison with other areas in Iceland where geothermal heat is 

being utilized. The heat gradient that can be expected is about 60°C/km, so for reasonable confidence, 

a 1500m borehole would be required to supply the town with about 80°C hot water. 

In a town close by, called Eskifjörður, there are currently two about 1300m deep boreholes that supply 

Eskifjörður with approximately 80°C water. If similar conditions are assumed for Reyðarfjörður with 

a slightly deeper hole the cost is estimated to be about 1.200.000 USD. 

 

Risks and opportunities 
Both a heat recovery solution and a geothermal heat solution carry with them risks and opportunities.  

The main ricks and opportunities involved in the heat recovery solution are as follows: 
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Risks 

- The heat recovery system could cause more rapid fouling build-up than anticipated and require 

very frequent maintenance for cleaning to maintain an acceptable heat transfer coefficient and 

pressure loss 

 

- The heat recovery system could disrupt other processes in the factory 

 

- The current energy contract may prohibit selling hot water to the local communities 

 

 

The risk of fouling and general disruption caused by the heat recovery system is considered highly 

unlikely since there are many cases where heat exchangers upstream from the GTC have been 

operational for multiple years without needing maintenance. As mentioned above, this has been the 

case for, for example, Alcoa Mosjoen where climate conditions are relatively similar to Alcoa 

Fjarðaál. Anode quality is also similar, since Alcoa Mosjoen supplies Alcoa Fjarðaál with the same 

anodes that are used at Mosjoen. 

 

The main concern with the heat recovery system is the current energy contract, which prohibits Alcoa 

from competing directly with Landsvirkjun, which supplies Alcoa Fjarðaál with electricity. 

Regenerating heat and selling it to the local communities can be viewed as a form of competition 

with Landvirkjun. However, increasing the efficiency of energy utilization is something 

Landsvirkjun can hardly refute, without suffering some backlash, considering their stated 

environmental policies and proclaimed social responsibility [15]. 

 

 

Opportunities 
- Utilizing energy that would otherwise be wasted to replace electric space heating in 

Reyðarfjörður enhances sustainability and contributes to a positive image of Alcoa Fjarðaál to 

the public 

 

- Supplying the local communities with hot water is socially responsible and projects a positive 

image of Alcoa Fjarðaál to the public 

 

- HF absorption could be increased due to lower gas temperatures entering the GTC 

 

- Bag filters could have longer lifetimes due to lower gas temperatures entering the GTC 

 

- Return on investment is likely within five years 

 

 

The positive reputation Alcoa Fjarðaál would enjoy from installing a heat recovery system and 

supplying Reyðarfjörður with hot water is very likely to influence the reputation of Alcoa and the 

aluminium industry to the public nationwide. 

As mentioned above, increased HF absorption and longer lifetime of filters are among benefits that 

have been shown to occur with lower gas temperatures. 

If the heat recovery system runs fairly stably for some time, profits could be generated by selling hot 

water to Reyðarfjörður. 

The main ricks and opportunities involved in the geothermal heat solution are as follows: 
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Risks 

- The amount of geothermal heat in the region could be insufficient 

 

- The boreholes could supply insufficient heat after a few years of operation 

 

- An additional borehole might be needed if the original borehole does not supply enough heat 

 

 

There has been a lot of drilling around Reyðarfjörður in search of geothermal heat. This search has led 

experts to believe that drilling with a temperature gradient of about 60°C/km is possible [16][17]. 

However, this is of course not guaranteed, and some would say that if this was possible, it would already 

have been done a long time ago. 

In a neighboring town of Eskifjörður there are two geothermal boreholes that were drilled in 2002 and 

2004. Recently the temperature of the water being supplied by those boreholes has decreased. The 

reason for this is unknown, however it has been suggested that it could be caused by the lack of 

injection, which would increase the cost. With proper injection this might not turn out to be a problem 

with the boreholes being discussed [18]. 

Opportunities 
- People could be keen to rely on geothermal heat due to the overwhelming success of that 

technology in Iceland  

 

 

As mentioned above, about 90% of houses in Iceland are currently being heated with geothermal heat. 

This statistic is sure to motivate people to look for a similar solution for Reyðarfjörður.  

 

Conclusion 
Current technology and a couple of successful cases of heat recovery of exhaust gases upstream of the 

GTC suggests that implementing a heat recovery unit at Fjarðaál for this purpose is viable. The most 

important challenges are to ensure that the heat recovery system does not cause rapid fouling buildup 

and that it has low pressure loss. These challenges, if addressed effectively, can form the basis for a 

stable and profitable outcome. 

Lowering the temperature of the gases before they enter the GTC is, itself an extremely attractive 

benefit for an aluminium plant. Increasing HF absorption in the GTC and increasing the useful lifetime 

of bag filters without having to blow cold ambient air or water into the system would be beneficial for 

a company like Fjarðaál, Alcoa from both economic and environmental standpoints. 

While Reyðarfjörður might not be a large town when it comes to size and population, there is a 

prevailing sentiment in Iceland that all inhabitants should have access to ample hot water at a reasonable 

price. Therefore, utilizing the waste heat from Fjarðaál to supply Reyðarfjörður with hot water offers 

some clear reputation and social responsibility benefits, as well as the likely certainty of eventual 

economic benefits. 

When comparing this solution to other alternatives for district heating, the cost of implementing the 

heat recovery solution at Fjarðaál seems likely to be most costly. However, there is no risk involved in 

terms of whether or not sufficient energy is available, as there might be with other options. The energy 

is definitely there, but currently it’s being blown away at the cost of the environment as well as of 

Alcoa. 
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