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Corey Scott Harpe 
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Abstract 

Hveragerði, a town in southwest Iceland, has an immense geothermal resource 

beneath its feet that has led to a rich history in direct utilization to provide heat and 

thermal energy to power lives, homes, industries, and greenhouses. However, at its 

current juncture, Hveragerði’s closed-loop district heating system is stretched to 

capacity regarding the spread of elevations it can supply, piping network flow 

capacity, and the available pumping power at the primary heat exchange station. In 

addition, several operational and maintenance issues have arisen from the direct 

heating utilization of a high-temperature geothermal reservoir and varying 

jurisdictional ownership and investment. To address these issues, a comprehensive 

thermohydraulic computer model was constructed in Fluidit Heat to replicate the 

function and design of Hveragerði’s district heating system to a high degree of 

accuracy. In the modeling and simulation process, scenarios were built to model 

the system's state in January 2022, the future state of the system in January 2030, 

and to support the optimal design of the district heating system. The critical result 

of this analysis is a proposal to build three new auxiliary booster pump stations to 

create a total of four pressure zones over the current one pressure zone system. 

Additionally, optimal control settings and specifications for future equipment are 

presented, enhanced modifications to the system are recommended, and key 

planning topics for the utility owner, Veitur, are addressed.
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Alhliða úttekt á hitaveitu Hveragerðis með varmavökvalíkönum og 

hermun 

Corey Scott Harpe 

júní 2022 

 
Útdráttur 

Hveragerði er þekkt fyrir jarðhita, eins og nafnið gefur til kynna. Það er gríðarlegar 

jarðhitaauðlindur í kring og undir fótum Hvergerðinga. Þessar auðlindir hafa leitt 

af sér ríka sögu í beinni nýtingu jarðhita, allt frá því að baka brauð og til 

margskonar iðnaðar og húshitunar. Í Hveragerði eru tvær tegundir af hitaveitu; 

lokað hringrásarkerfi og gufuveita. Flest almenn hús og híbýli eru tengd lokaða 

hringrásarkerfinu. Mikil uppbygging hefur átt sér stað í Hveragerði og er því lokaða 

hitaveitan því komin að þolmörkum. Til að rannsaka ástæður þessa þolmarka og 

skoða aðgerðir til að laga ástandið var straum- og varmafræðilegt tölvulíkan þróað 

af hitaveitunni. Líkanið var notað til að herma hitaveituna. Nokkrar sviðsmyndir 

voru settar upp, þar á meðal nústaða og framtíð. Þessar sviðsmyndir voru notaðar 

til að hanna og laga ástand hitaveitunnar. Því er lagt til að setja upp þrjár nýjar litlar 

dælustöðvar sem mynda samtals fjögur þrýstisvæði. Niðurstöður hermana er 

notaður til setja upp stýringar fyrir hitaveituna og hámarka rafmagnsnýtingu fyrir 

dælingu í hitaveitunni. 
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Chapter 1 

1Introduction 

This project gathered extensive information and data regarding the design and 

operation of the geothermal district heating system in Hveragerði, a town in southwest 

Iceland. The information gathered was used to build a thermohydraulic computer model to 

assess the current operations, plan for the sustainable future of the district heating system 

and understand the utilization of geothermal energy in the town. 

 

The district heating system in Hveragerði is quite complex and troublesome due to its 

history of development and difficulties associated with production in high-temperature areas 

(i.e., chemistry, scaling, temperature, and two-phase output). The developmental difficulties 

are caused by a long and rich history of infrastructure development between public and 

private stakeholders and varying maintenance and operations jurisdiction, leading to an 

overly complex and troublesome distribution system.  

 

Hveragerði’s initial population center development began between 1929 – 1940, 

where 121 residents, a dairy farm, and a horticultural station utilized thermal heat from 

above-ground hot springs [1]. The first boreholes were drilled between 1940 and 1953, and 

numerous private individuals and associations operated various heating systems. Between 

1953 and 2004, the town’s district heating utilities were largely consolidated under Hitaveita 

Hveragerðis, with scattered private systems in use (and still in use today). Hitaveita 

Hveragerði was a district heating company owned and operated by the local government. 

Orkuveita Reykjavíkur, through its subsidiary Veitur, purchased and took over the 

management of Hveragerði’s district heating in September 2004 [2].  

 

The five district heating systems currently managed by Veitur in Hveragerði are shown 

in Figure 1. Colored in brown is a small closed-loop system for the Vorsabæjarvellir horse 

stalls (heated by borehole HV-03). In blue is a small closed-loop system for the 

Hamarshöllin sports complex (heated by HV-04). In green is a one-way “direct steam” 

system for the town (supplied by borehole HV-02). In purple is a sizeable closed-loop system 

for the majority of the town from the Bláskógar heat exchange station (heated by borehole 

HS-08). Finally, in red is a small one-way supply system for a subset of the town (supplied 

by the Austurveita utility system which is fed by the Gljúfurárholt boreholes). 
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Figure 1. Veitur's district heating systems in Hveragerði  

 

The project's primary objective was to build a comprehensive digital model of the 

district heating system in Hveragerði, starting from the source (borehole) to the industrial 

and residential customers and everything in between (open loops, closed-loops, heat 

exchangers, return, process equipment, and outflows/reinjection). In addition, this project 

leveraged the recent addition of 436 new “smart” meters in the system to calibrate the digital 

model and investigate ways to leverage this new stream of data.  

 

A complete hydraulic model of the Hveragerði’s district heating system has never been 

developed before. In doing so, new insights that can only be gleaned from simulation engines 

will be used to understand the system, simulate changes in the system, and make informed 

project decisions for the future. For example, to plan and simulate design changes to meet 

future demand, make recommendations for sustainable reservoir use for Hveragerði’s future 

(optimal control, minimize wastage/leaks, smart investments), and identify optimal controls 

configurations and settings. 

 

The Fluidit Heat software, a district energy system simulator, is used for the 

thermohydraulic modeling of Hveragerði’s heating network [3]. Fluidit Heat is based on an 

enhanced version of EPANET [4], a water distribution modeling package developed by the 

United States Environmental Protection Agency's (EPA) Water Supply and Water Resources 

Division. 
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This thesis is organized into five chapters; Chapter 1 describes the town of Hveragerði, 

Hveragerði’s district heating systems, issues faced in the heating system, and the objectives 

and goals of this project. 

 

Chapter 2 is a background that contains a literature review of information related to 

this thesis topic. In particular, this section discusses geothermal energy and its uses both on 

a macro level and specifically in Iceland. Hveragerði’s district heating and utilization history 

are outlined, along with details about the reservoir and boreholes in the area. Additionally, 

topics on the digitalization and future of district heating, geothermal sustainability 

assessments, and case studies of combined heat and power that may be suitable for 

Hveragerði are covered. 

 

Chapter 3 outlines the methods used to build the thermohydraulic model and run the 

scenario simulations. The methods include the system boundaries of the model, governing 

equations and theory controlling the Fluidit Heat simulation engine, and design standards 

used to develop district heating systems. The process of building a thermohydraulic model 

is detailed. Additionally, the specifics of the model scenarios are outlined in detail, and the 

methods used to build weather and demand patterns and profiles. 

 

Chapter 4 presents the results from the model simulations. The results include a variety 

of insights into the pressures, temperatures, energy, demand, power, and thermal losses in 

the district heating system. This section also includes details on how the computer model 

was validated to ensure an accurate digital twin of the natural district heating system.  

 

Chapter 5 is a summary, discussion, and conclusion of the results and key findings as 

they apply to the objectives and goals of this project. The potential future development of 

Hveragerði’s district heating system is discussed based on an accurate understanding of 

today’s operations. Furthermore, the sustainable utilization of geothermal resources is 

discussed, and comments on improvements and recommendations are made. 

1.1 Hveragerði, Iceland 

Hveragerði is a town located in the southwestern region of Iceland, shown in Figure 

2. Although the town is relatively new, the town's oldest structure dates back to 1929. 

Hveragerði is located on the outskirts of the Hengill area, a sizeable high-temperature 

geothermal resource. Living in hot geothermal settings offers several benefits, not the least 

of which is the abundance and accessibility of geothermal energy. However, living in an 

unstable geological area with frequent earthquakes and geothermal surface manifestations 

may be challenging [5].  
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Figure 2. Map of Iceland with the location of Hveragerði marked [Google Maps] 

The town's name, Hveragerði, translates as "hot spring grounds" in English and was 

initially applied to the geothermal park, the region of hot springs on which the town is 

founded. Another notable feature of the town is the river Varmá, which translates as "warm 

river" in English and originates from the Hengill volcano. The river's water temperature is 

around 15 °C. A satellite image of Hveragerði with notable landmarks is shown in Figure 3. 

 

 

Figure 3. Satellite view of Hveragerði [Google Earth] 



1.1 HVERAGERÐI, ICELAND  37  

  

Hveragerði's economy has historically relied heavily on geothermal energy, and the 

town has long been renowned for its greenhouse agriculture, health, and ice cream 

production. Today, the demand for tourist accommodations and services is expanding, as is 

the need for dwellings to support a continually growing population, as explained by 

Þorsteinsdóttir [5].  

1.1.1 Town Economy and Industries 

The major industries and economy in Hveragerði include greenhouse farming, 

tourism, cultural and leisure attractions, healthcare services, food processing industries, 

industrial laundry facilities, and education. There are 571 registered businesses in 

Hveragerði, according to the Infobel database [6]. In 2021, these businesses generated an 

estimated 16.149 billion ISK in revenue and employed 1,313 people.  

1.1.1.1 Greenhouse Farming 

There are over 20 greenhouses in Hveragerði which grow items such as flowers, 

vegetables, and other flora [7]. There is also an agricultural research institution with a 

campus, offices, and greenhouses at Reykir in Hveragerði. This institution has traditionally 

been a branch of the Agricultural University of Iceland but will be incorporated under 

Fjölbrautaskóli Suðurlands in Selfoss in 2022. 

1.1.1.2 Tourism, Cultural, and Leisure Attractions 

Hveragerði has many accommodations for visitors, including Hotel Örk, which offers 

geothermally heated hot tubs and an outdoor pool, and Gróðurhúsið, which is a combination 

of hotel, shops, and food hall. Additionally, there is a geothermal park in the center of town 

with natural geysers and mud pools where one can have a foot bath and try bread and eggs 

cooked via geothermal steam. On the northwest side of town, a trailhead leads up 

Reykjadalur valley, where there are many hot springs for bathing, mud pools, and vibrant 

colors in the soil. There is a nine-hole golf course along the banks of Varmá. The town 

swimming pool, Sundlaugin Laugaskarði, has a 50 by 12-meter lap pool, children’s pool, 

hot tubs, and steam baths. 

1.1.1.3 Healthcare Services 

Hveragerði has always been influenced by health-related activity. It is the town's third-

biggest industry. NLFI (Náttúrulækningafélag Íslands), or the Nature Health Association of 

Iceland, has established Heilsustofnun, a large rehabilitation and health clinic in the eastern 

part of town on the banks of the Varmá river. In addition, the clinic operates a greenhouse 

for vegetable cultivation.  

 

A nursing home is centered along the main roads and forms a town district with service 

centers. There are also greenhouses where food and flowers may be grown. The property 

includes a large nursing home and laundry area. 
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1.1.1.4 Industries 

There is a retail and service complex at the entrance to the town, which houses a 

grocery store, café, liquor store, the library, the post office, a bank, and the town office. The 

Kjörís ice cream manufacturing plant is also essential to the industrial economy. A large-

scale laundry facility also uses geothermal water and steam to clean and sanitize [8].  

1.1.2 Population Growth 

Hveragerði’s most recent population measure was 2,984 people as of January 1, 2022, 

according to Statistics Iceland [9]. A comparison of Hveragerði’s population with other 

municipalities in Iceland is shown in Figure 4.  

 

 

Figure 4. Population comparison of largest municipalities in Iceland [9] 

The forecasted population growth model from Statistics Iceland [9] was only available 

for the entire country of Iceland, so therefore the forecasted data was scaled down to fit 

Hveragerði’s model. The standardized forecast data was then multiplied by Hveragerði’s 

population to yield a forecasted growth for the town from 2022 to 2031. The forecasted 

population for Hveragerði in 2031 is 2,902 – 3,491 people, which correlates to a 4.46% to 

25.67% increase, shown in Figure 5. The medium forecast predicts a population of 3,175, 

which is a 14.3% increase. 
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Figure 5. The measured population of Hveragerði and forecasted growth [9] 

1.2 Hveragerði’s Geothermal District Heating System 

The town of Hveragerði’s district heating system is comprised of five sub-systems that 

Veitur operates and maintains. The largest is the closed-loop system for the main town, 

which receives thermal energy from the Bláskógar Heat Exchange Station. This system 

primarily serves residential customers. Then there is the direct steam system which supplies 

a two-phase geothermal steam and water mixture to unique customers in the town. This 

system primarily serves industrial customers, greenhouses, hotels, legacy business 

establishments, and the swimming pool. Next, there are two smaller closed-loop systems, 

one of which serves the Vorsabæjarvellir Horse Stables and the other Hamarshöll sports 

center. Furthermore, a small portion of the town is supplied by geothermal waters from the 

neighboring Austurveita utility system fed by the Gljúfurárholt boreholes. Finally, more 

small heating plants were operated, and some were and are still privately owned. See Figure 

1 for an overview of these systems. 

1.2.1 Bláskógar Closed-loop System 

The distribution system coming from the Bláskógar heat exchange station is a double 

closed-circuit system covering most residential buildings and several businesses, shown in 

Figure 6. The heat station is a closed-circuit system where a mixture of water and steam 

from a borehole heats cold water, circulates to the consumer, and returns to the heat station 

for heating again. Ívarsson [2] explains that the heat exchange station at Bláskógar was built 

and put into use in the late 2000s and replaced two older heating plants that had become 
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obsolete. The heating plant was designed to receive a mixture of water and steam from either 

well HS-08 or HS-09. In a typical season, it was enough to use one hole at a time and then 

rest the other. After installing the Schlumberger downhole electric submersible pump (ESP) 

at HS-08, the station exclusively runs on HS-08 unless in an emergency. The geothermal 

effluent from the heat exchangers at Bláskógar is not re-injected today, but rather flows 

through a canal to Varmá and partly into the foot bathing facilities of tourists in the 

geothermal park.  

 

 

Figure 6. Bláskógar closed-loop distribution system  

 

A system diagram of the Bláskógar closed loop distribution system can be seen in 

Figure 7. The flow, temperature, and pressure values are average values recorded in Veitur’s 

SCADA system from December 1, 2020, to February 28, 2021. The operations team believes 

the losses in the closed-loop system (2 l/s) are due to a combination of unknown 

interconnectivity to the direct steam supply system and a portion of users who have 

unilaterally decided to disconnect the return water connection. Reasons for disconnecting 

the return connection are due to too low differential pressure between the supply and return 

sides or too low pressure on the return side. These problems are seen at the highest elevation 

extents of the distribution system. 
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Figure 7. Schematic diagram of the Bláskógar closed-loop system 

1.2.1.1 Bláskógar Heat Exchange Station 

The SCADA system board diagram shown in Figure 8 shows the flows in the 

Bláskógar station with the geothermal input in purple, the geothermal effluent in green, the 

return water input in blue, and the supply water output in red. There are three heat exchangers 

and three pumps for the system.  

 

 

Figure 8. System board diagram of Bláskógar heat exchange station [SCADA] 

In addition, the system includes a deaeration tank where the water boils at low pressure 

to remove oxygen in the makeup water for the closed-loop system, shown in Figure 9 [2]. 

This system includes two smaller heat exchangers and three pumps. The purpose of 

deaeration is to remove dissolved gases to improve thermal efficiency and reduce corrosion. 
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Figure 9. System board diagram of the deaeration system at the Bláskógar station 

[SCADA] 

The interior of the Bláskógar heat exchange station is shown in Figure 10. The three 

blue centrifugal pumps on the left are Desmi NORM (Type no 100/400), manufactured in 

2006, with a max flow of 100 m3/h, a maximum head of 40 mWC, and RPM of 1500. The 

two cylindrical shell and tube heat exchangers in the rear (#1 and #2) were manufactured by 

Heat Exchanger Design in 2006 and had a design pressure of 10 bar-g at 185 °C. The cube 

plate heat exchanger in the front (#3) was manufactured by Alfa Lavel in 2021 and had a 

design pressure of 10 bar-g at 155 °C (on the hot side) and 95 °C (on the cold side).  

 

 

Figure 10. Interior of Bláskógar heat exchange station [photo by Gretar Ívarsson] 

1.2.2 Geothermal Steam One-Way Distribution System 

The distribution system coming directly from the borehole HV-02 is the steam 

distribution system, shown in Figure 11, covering some residential buildings, greenhouses, 

pools, and several industries. The steam system is a one-way supply of two-phase 
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geothermal steam and water without any flow meters, and the users do not return any water 

to the heat exchange station where it can be quantified. Instead, the water is discharged into 

the drainage system and environment. Horticultural farmers also steam boil the soil (for 

disinfection) so that part of the steam evaporates into the soil [2]. A schematic diagram of 

the direct steam supply system is shown in Figure 12. 

 

 

Figure 11. Direct steam distribution system  

 

Figure 12. Schematic diagram of the direct steam supply distribution system  

 

There are a portion of users on this system that do not require steam, including general 

users, apartments, shops, services, storage, and industrial sites on the steam system. These 

users receive two-phase geothermal fluid to provide thermal energy for their building’s heat 

exchanger and closed circuit. In 2010, this included 82 dwellings with a total heating volume 

of 14,755 m3. The estimated heating requirement for this subset of users was 712 kW, with 
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a hot water demand of 4.2 l/s [2]. These users are connected to the steam system because 

they are legacy customers of the old distribution system design but can be moved to the 

general closed loop distribution system. 

 

The portion of users on the steam system that require steam for their business purposes 

include the greenhouses, the Laugaskari pool, Hotel Örk, laundry facilities, and Kjörís. 

These customers' thermal energy usage is estimated to be 12 MW [2]. While these customers 

need to remain on the steam system it is worth noting that they could instead be provided 

superheated water, highly pressurized water between 130 – 150 °C, in a future distribution 

system. 

 

Klüpfel [10] outlines a process used to determine the actual usage of steam consumers, 

where superheated water from the production well HS-08 was pumped into the steam supply 

system at a rate of 14.4 kg/s and 167 °C. It is believed that around 1 kg/s of it escaped into 

the environment and was not consumed by steam utility consumers. Based on a utilization 

down to 80 °C and a 5% energy loss in the system, this equates to 13.2 kg/s of liquid from 

HV-02 at a 3.8 bar wellhead pressure and a 5% steam ratio. Thus, Veitur's direct steam 

customers' consumption was 4.72 MW. The variation in usage estimates from Klüpfel [10] 

and Ívarsson [2] shows the historical difficulty of reporting mass flow usage for the direct 

steam system.  

1.2.3 Vorsabæjarvellir Horse Stable Closed-loop System 

A small closed-loop system is heated from borehole HV-03 that heats 11 horse stables 

and a house in the northwest part of town, shown in Figure 13. The geothermal output of 

this well is also piped across the Varmá River to heat houses and summer cottages in the 

Reykjakot area (which is outside of Veitur’s management). A schematic diagram of the 

system is shown in Figure 14 and a picture of the heat exchange station in Figure 15. 

 

 

Figure 13. Vorsabæjarvellir closed-loop distribution system  
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Figure 14. Schematic diagram of Vorsabæjarvellir horse stable closed-loop system 

 

 

Figure 15. Vorsabæjarvellir heat exchange station [photo by Corey Harpe] 

1.2.4 Hamarshöll Sports Complex Closed-loop System 

Geothermal water from well HV-04 flows to a small heat exchange station that heats 

the Hamarshöll sports complex. The flow to the gymnasium was measured at 1.9 l/s in the 

spring of 2013 [2]. Figure 16 and Figure 17 show the layout and function of this system, and 

Figure 18 shows a picture of the heat exchange station. 

 

At HV-04, the enthalpy is 729 kJ/kg at a 3.5 bar-g wellhead pressure and a 5% vapor 

ratio. With 5% energy loss and utilization to 80 °C (335 kJ/kg), this equates to 50.4 kW of 

heat output or 0.128 kg/s (4000 tons per year) [10]. HV-04 also supplies the Frost and Funi 

area, the Agricultural University, and the Gufudal area. It is unknown how much additional 

water is drawn from the well or how much is used directly outside the Veitur system.  
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Figure 16. Hamarshöllin closed-loop distribution system  

 

 

Figure 17. Schematic diagram of the Hamarshöll sports complex closed-loop system 

 

 

Figure 18. Hamarshöll heat exchange station [photo by Corey Harpe] 
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1.2.5 Austurveita One-way Distribution System 

There is a simple direct (supply only) system in the southeast corner of town in the 

Heiðarbrún neighborhood. The water supply comes from the nearby Austurveita district 

heating system, shown in Figure 19, also owned and operated by Veitur. The boreholes used 

for this utility network tap into a distinctly separate geothermal reservoir as far as 

temperatures and chemistry are concerned. The water supplied to residences is of geothermal 

origin instead of heated cold water. A schematic diagram of the Austurveita system and 

customers served in Hveragerði is shown in Figure 20. 

 

 

Figure 19. Austurveita distribution system  

 

 

Figure 20. Schematic diagram of the Austurveita simple distribution system  
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1.3 Issues in Hveragerði’s District Heating System 

There are a variety of issues facing Hveragerði’s district heating system. These vary 

from the central Bláskógar station being at capacity, inadequate pressure zones, losses in the 

closed system, presence of oxygen in the closed-loop systems, and scaling from the 

geothermal fluids in aboveground process equipment and piping. The direct steam supply 

system is antiquated, troublesome, expensive, and influenced by the unstable natural artesian 

output of the boreholes. Due to natural seismicity and induced seismic events from the 

nearby Hellisheiði geothermal power plant, re-injection in Hveragerði has been halted. 

Furthermore, the Hveragerði heating utility has scored low on sustainability assessments, 

partly due to the issues above and the inability to get production measurement values from 

all boreholes. 

1.3.1 Main Heat Exchange Station at Capacity 

The current pumps installed at the Bláskógar heat exchange station have reached their 

operational limits. Furthermore, with the new developments under construction today and 

planned, there will be increased demand for hot water. As a result, improvements will have 

to be made to expand the heating capabilities of the primary closed-loop heating system. 

 

Hveragerði is a growing town and has been stretching in height from elevation 15 

MASL to 100 MASL. Today, the district heating in the main town of Hveragerði is operated 

on a closed dual system, direct steam supply, and Austurveita supply. The state of the dual 

system has reached the tolerance limit in terms of elevation spread that it can serve, 

according to Úlfarsson [11]. That is, the pressure output from the Bláskógar station cannot 

be raised further to meet the needs of the highest elevation users without exceeding the 

maximum allowable pressure for the lowest elevation customers. The capacity of the two 

original heat exchangers in Bláskógar has also reached the tolerance limit, but the new heat 

exchanger offers promising results in terms of efficiency. Therefore, it is hoped that a new 

downhole electric submersible pump (ESP) in well HS-09 will be sufficient to handle the 

expansion of Hveragerði and the possible separation of Austurveita from Hveragerði.  

1.3.2 Losses and Mixing in the Closed-loop Distribution System 

The main Bláskógar heat exchange in use today was built and put into service in 2010, 

replacing two smaller and obsolete heating plants in the area. Shortly after the operation of 

the new heating station began, it was revealed that the losses in the cycle system were 

substantial, more than an order of magnitude more than in the same cycle system in 

Stykkishólmur [2]. It was also revealed during the monitoring of the quality of the water 

(measurements of hydrogen sulfide and oxygen in the circuit system) that hydrogen sulfide 

was found in the water, but no steam mixing took place in the heating plant. There was also 

more hydrogen sulfide in the return water than in the supply water. Some individuals or 

companies connected to the closed system also have older steam pipes and have connected 

steam pipes to the closed system. Therefore, it was concluded that the hydrogen sulfide in 

the closed system originates from the direct steam distribution system. 

 

While improved in recent years, there are still losses in the Bláskógar closed-loop 

system. Operators believe some of these losses are attributed to the inadequate pressure 
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situation for the highest elevation customers. Some of those users experience insufficient 

pressure drop between their supply and return side; therefore, they have disconnected their 

return connection and only use their supply connection. 

1.3.3 Steam Distribution System 

The direct steam distribution system is in poor condition due to external deposits and 

rust and is significantly more costly to operate and maintain compared to the closed loop 

heating system. Möller [12] states that there is a desire to consolidate the system by 

removing users who do not need steam (i.e. general homes and business) or re-design the 

system to supply superheated water, highly pressurized water between 130 – 150 °C, in the 

piping system to the customers who can then flash the liquid to steam and boiling water for 

their business purposes. The wellhead pressure settings required to maintain adequate flow 

in the boreholes and layout of the piping system has led to inadequately low pressures for 

some users, most notably the town swimming pool at the far extent of the distribution 

system. Additionally, the distances and elevations the piping system traverses has caused air 

pockets to form in high points. 

1.3.4 Production Measurement 

It is required by regulation that all geothermal utilities must monitor their utilization, 

including what fluid is produced from the wells and re-injected into the reservoir. Each 

utility submits annual reports to the National Energy Authority (Orkustofnun). Due to the 

direct measurement difficulties of two-phase flow, most of Hveragerði’s recent production 

reports contain minimal data and are usage estimates based other measurable factors such as 

customer usage calculations, Friðriksson et al. [13]. Aside from well HS-08, which has a 

downhole pump, it is only possible to assess the uptake from the wells that Veitur uses with 

power measurements, such as Tracer Flow Testing (TFT) or the Russel James lip pressure 

method. TFT measurements of water and steam flow from wells HV-02, HV-03, and HV-

04 are planned [2]. 

1.3.5 Unstable Artesian Production 

In 2016, Veitur commissioned Verkís to explore the feasibility of borehole pumping 

from the Hveragerði wells HS08 and -09 instead of utilizing wet steam straight from the 

wells. Einarsson [14] concluded that due to the insecurity of a geothermal system's pressure, 

it was deemed unacceptable to operate a steam supply and heat exchange station in its 

present state at that time.  

 

Möller [12] states that it has been challenging to operate the artesian boreholes in 

Hveragerði because the wells' natural flow ceases when the flow rate falls below specific 

thresholds, which has led the operator to maintain a minimal baseline flow from the wells. 

Under low demand, surplus flow is discharged to the environment, which irritates 

inhabitants due to noise and vapor production. To avoid releasing fluids into the environment 

during periods of low demand, the concept of installing downhole pumps in more boreholes 

has developed.  
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1.3.6 Scaling and Corrosion 

Because of the high concentration of dissolved solids in the system, scaling difficulties 

within the system began to occur. Difficulties with the chemistry and temperature of the 

groundwater have created and continue to cause a variety of problems with the operation of 

Hveragerði’s district heating systems [2]. A report from Jónasson [15] explains that 

boreholes in Hveragerði nearly always collect calcite deposits within the casing, which 

eventually plug the holes entirely. Therefore, most boreholes must be cleaned once a year 

which is time-consuming and costly.  

 

The Hveragerði district heating system exploits wells fed with water temperatures 

between 180 – 250 °C. The water phase contains 330 - 420 ppm SiO2. This silica is 

considerably dissociated because of the high pH (9.6-9.8). Therefore, the saturation with 

opaline silica was predicted at about 60°C, and no precipitation was expected above this 

temperature. However, rapid scaling of silica takes place in the distribution pipes and heat 

exchangers at temperatures as high as 95°C. To solve the scaling problem in Hveragerði, 

Thórhallsson et al. [16] outline an experiment conducted in 1974 where 35% of the drill hole 

fluid was diluted with cold water and mixed before flashing at atmospheric pressure. The 

dilution of drill hole fluid prior to flashing in the evaporator resulted in a reduced silica 

content of the water from 347 ppm to 188 ppm. Silica scaling appears to have reduced since 

then.  

 

Scaling has been noted in the flow control equipment and heat exchangers located at 

each house. The scaling was rapid, requiring cleaning at 3-6 months intervals. Increased 

resistance to flow has also been measured in the distribution pipes. Therefore, heat 

exchangers, that can be easily cleaned, were mandated for each house as the temperature 

drop for household heating would cause silica scaling. Furthermore, the water is too high in 

hydrogen sulfide (H2S) for direct tap water usage. The use of a household heat exchangers 

contrasts with most other geothermal district heating systems in Iceland, where the water is 

used directly [16]. This practice is continued today for the modern supply and return closed-

loop systems. This results in a completely closed network where all water supplied from the 

main exchange stations should be returned, and there is no need to treat the water for human 

health.  

 

 

Figure 21. Example of the residential hot tap water heat exchanger in Hveragerði. 
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 An example of the residential hot tap water heat exchanger is shown in Figure 21. 

This heat exchanger is a SWEP Type B10Hx40 heat exchanger manufactured in 2003 with 

a maximum working temperature of 155 °C and maximum working pressure of 31 bar. The 

primary side volume is 1.178 liters, and the secondary side is 1.24 liters.  

 

In 1978, work began on enhancing the system by heating cold groundwater with 

separated steam and then utilizing the resulting combination to heat the district heating 

system. This adjustment resulted in much of the chemically rich separated liquid not being 

utilized in the district heating system, resulting in a significant drop in Al-silicates and silica. 

However, a report by Barja [17] shows that the usage of cold groundwater resulted in the 

scaling of magnesium silicate in pipes in Hveragerði. Mg-silicate scaling had never been an 

issue in Icelandic district heating systems before Hveragerði.  

 

After the electric submersible pump (ESP) was installed at well HS-08, the geothermal 

fluid produced was in the liquid phase at 163 °C and 9.52 bar. In original design condition, 

cylindrical heat exchangers in the Bláskógar heat exchange station are rated to withstand 10 

bar working pressure. However, due to age and degraded condition due to repeated acid 

cleaning cycles, it is not permissible to operate at this high pressure. Therefore, pressure-

reducing valves are installed downstream of the well to drop the pressure to about 4 bar 

before reaching the heat exchangers. Unfortunately, the consequence of this operation 

practice is the flashing of the geothermal fluid across the valve, which deposits significant 

amounts of calcite, which chokes the flow, requiring cleaning about every four months. The 

short-term solution is to install parallel and redundant piping and valve equipment so that 

one can be in service while the other is being cleaned and maintained. 

 

 

Figure 22. Calcite scaling in piping downstream of HS-08 [Photo by Bjarni Snorrason] 

1.3.7 High-Temperature Environment for Downhole Pumps 

The first downhole pump installed in Hveragerði was a Goulds 8RJHC shaft pump. 

Unfortunately, this pump failed to operate in the high-temperature environment of HS-08 

and was replaced by a Schlumberger electric submersible pump (ESP) that could withstand 

the operating environment [14]. 
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1.3.8 Earthquakes, Induced Seismicity, and Re-injection 

A magnitude 6.3 earthquake struck Ölfus near the town of Hveragerði in South Iceland 

on May 29, 2008. The epicenter was located between the towns of Selfoss and Hveragerði. 

In South Iceland, the earthquake caused considerable damage, according to Rupakhety et al. 

[18]. Even though numerous buildings were severely damaged, no residential structures 

collapsed.  

 

Injection of fluid into the earth has induced seismicity at several locations globally. In 

the case of Iceland, all injection sites in high-temperature fields and one in low-temperature 

fields are positioned along plate boundaries with strong natural background seismicity. 

Subsequently, neither geothermal producers nor the public were concerned about the 

prospect of induced seismicity. This public opinion changed in 2011 when the Hellisheiði 

power plant began massive reinjection. A paper by Flóvenz et al. [19] shows that 

Hellisheiði’s reinjection resulted in widespread induced seismicity with a local magnitude 

of up to 3.9, with multiple earthquakes felt in the adjacent town of Hveragerði. Although 

production-related earthquakes are often less than 2.0 in size, occurrences of induced 

earthquakes up to 3.9 in magnitude have been documented.  

 

Halldorsson et al. [20] stated that this seismic action is comparable to, and in some 

instances exceeds, the defined design requirement for the bulk of the existing structures in 

the local area. Thus, the induced earthquakes may have resulted in some progressive 

damage, particularly to older structures and those subjected to strong near-fault motion 

during the magnitude 6.3 earthquake in May 2008. In addition, these findings may have 

ramifications for the operation of the Hellisheiði geothermal plant in the future and proposals 

for two geothermal projects in the Hengill area, which would be located far closer to the 

towns of Hveragerði and Selfoss.  

 

One of the most significant operational effects of these natural and induced seismic 

events is that re-injection in the town of Hveragerði was halted. The local populace was 

concerned that re-injection could induce further seismic activity and cause damage to 

property or life. While the importance of re-injection for the health of a geothermal system 

is debated and site-specific, what is essential is that the thermal energy is utilized efficiently 

and re-introduced into the environment with minor impact. That is, effluent from the heating 

system should match the temperatures of the discharge environment as closely as possible. 

1.3.9 Sustainable Reservoir Management 

In recent years, the OR group has established a strategic framework for sustainable 

resource management, ensuring sustainable resource management both in the short and long 

term, as outlined by Aradóttir et al. [21]. Environmental, social, and governance (ESG) 

standards serve as the foundation for the framework, which comprises a clearly defined 

strategy and aims, near and long-term planning procedures, resource monitoring, 

management systems, and stakeholder involvement. According to the plan, the OR group 

shall exploit natural resources responsibly and with regard for the environment. 

Furthermore, it should sustainably use resources without jeopardizing future generations' 

rights.  
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Near-term planning requires a resource management plan with monitoring, demand 

forecasts, research, and resource development projects. To prepare effectively for the long 

term, district heating utilities with exclusive rights to heat a town must consider scenarios 

100 years in the future. It makes no difference if the time horizon is ten or one hundred 

years; long-term planning is carried out via cross-departmental strategic initiatives involving 

individuals from R&D, geosciences, sales, operations, finance, and risk analysis 

departments. 

 

Resource metrics include enthalpy, mass extraction, drawdown, temperature, 

reinjection effects, groundwater status, 10-year supply, and 10-year R&D plan. The resource 

field is evaluated twice a year following pre-established sustainability standards. In addition, 

they assess the long-term viability of geothermal reservoir usage in terms of reservoir supply 

status, chemical characteristics and cooling, water level, and the availability of historical 

data. Each established criterion are worth one point, and if all five are in excellent condition, 

the low-temperature field is awarded the maximum possible score of five points [21]. Results 

for the low-temperature fields that the firm operates are given in Figure 23.  

 

 

Figure 23. Resource metric scores for all low-temperature fields in OR's management [21] 

As shown, the district heating utility of Hveragerði has the lowest score in all of OR’s 

district heating utilities. Much work is needed to ensure that the reservoir is being used 

sustainably. 

1.4 Objectives and goals 

To address the current issues faced by Hveragerði’s district heating system and to 

appropriately plan for its sustainable future, various scenarios have been modeled and 

studied in the Fluidit Heat modeling environment. Additional tools were leveraged to meet 

these objectives and goals, including data analysis with Python, Excel, and Tableau. In 

addition, interviews and communication with stakeholders have been conducted to 

understand the system from experienced professionals and those directly involved in 

Hveragerði’s heating system. 
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1.4.1 New Pressure Zones 

In the current operation of Bláskógar’s closed-loop system, there is only one pressure 

zone that supplies customers from 15 meters above sea level to 70 meters above sea level. 

The pressure difference between these two extremes is 5.4 bar. 

 

In this work, the design of new pressure zones is investigated to provide appropriate 

and adequate pressure to every customer and prepare for the town's future growth. In 

addition, the efficient design and integration of the zones into the current infrastructure is 

carefully studied. 

1.4.2 Future Development 

There are current and planned construction and development projects to expand the 

number of residents in the town of Hveragerði. Using the data from Veitur’s design teams 

and publicly available information from sources such as the Planning Agency 

(Skipulagsstofnun), the best estimate of future piping and customers were implemented in 

the Fluidit model. This process also included careful calculations and estimates of future 

energy demand. 

1.4.3 Sizing Pumps 

Fluidit Heat can import pump curves to simulate the working points of a given 

scenario. This feature was utilized to model pumps in the system today and plan for new 

pumps in the future system. For example, as the pumps at the Bláskógar heat exchange 

station are at capacity, new and higher capacity pumps are modeled in the future 

development scenarios to assist in pump specifications selection. Furthermore, auxiliary 

booster pump stations are modeled for supply and return systems in the scenarios for 

additional pressure zones.  

1.4.4 Integration of Austurveita Utility System 

Additional model scenarios were built in this project to explore the current relationship 

between the Hveragerði and Austurveita utility systems. In which, hot water produced in 

Austurveita is introduced to the Bláskógar closed-loop supply side. Furthermore, some of 

the return water from the Bláskógar loop is  introduced to the Austurveita supply network 

to reduce temperatures in their network. Some of the drivers for these plans include the need 

to cool temperatures in the Austurveita network to a more appropriate temperature for plastic 

piping and the beneficial addition of Austurveita water to the Bláskógar closed-loop system. 

1.4.5 Improving Sustainability Assessment Scores 

The results and discussion from this project are targeted to improve the scores and 

ranking of Hveragerði’s heating system as assessed by the Geothermal Sustainability 

Assessment Protocol and internal benchmarks. 
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The demand analysis and forecasting aids near-term planning as well as simulations 

of the town's near-term future design and development. The results and updates to the near-

term planning will serve as further input for long-term planning. The discussion section will 

include recommendations for cross-departmental strategic initiatives involving various 

stakeholders that improve the gathering and calculation of sustainable geothermal resource 

metrics. The discussion section details improvements that can be made with resource 

management and stakeholder communication. 
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Chapter 2 

2Background 

2.1 Geothermal Energy and Its Uses 

Geothermal energy is the thermal energy in the Earth's crust, which originates from 

the planet's formation. From the high temperatures and pressures of the Earth’s interior, the 

convective currents of the mantle, the radioactive decay of the crust’s constituent materials, 

and absorbed solar energy [22].  

 

The potential for geothermal energy is immense. DiPippo [23] states that an estimated 

100 million GWh of heat energy is transferred from the interior to the Earth's surface per 

year. However, geothermal energy is usually relatively diffuse, making development 

difficult. The Earth itself concentrates geothermal heat in certain areas, usually those 

connected to the boundaries of the structural plates of the crust. Tapping into these resources 

allows geothermal energy to serve as a heat source for direct use or power generation in 

today's technology.  

 

According to the classification by Þórðarson et al. [1], the general description of 

geothermal energy regions is that low-temperature areas exist with temperatures less than 

150 °C at 1,000 meters deep. In contrast, high-temperature areas exist with temperatures 

more than 200 °C at 1,000 meters in depth. An overview of geothermal system 

classifications can be seen in Table 1. 
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Table 1. Geothermal system classifications [24] 

 
 

For millennia, geothermal water has been employed for various heating and bathing 

purposes. Globally, geothermal energy for various heating applications has grown in 

importance over the previous several decades, resulting in constantly rising adoption and 

usage. A report by IEA Geothermal [25] states that geothermal energy is used for various 

purposes, including heating buildings, greenhouse cultivation of crops and flowers, crop 

drying, aquaculture, snow melting, spas, bathing, therapeutic usage, and industrial activities. 

Geothermal energy can also be used for power production with the commonly used flash, 

double flash, and binary power cycles. In addition, geothermal cooling has grown 

increasingly popular over the previous decade. The modified Lindal diagram in Figure 24 

shows the numerous and cascading uses of geothermal energy based on the temperature of 

the resource.  
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Figure 24. Lindal diagram [26] 

 

Table 2 shows how geothermal energy is specifically utilized globally. The highest 

categories are geothermal heat pumps, space heating, bathing, swimming, and greenhouse 

heating. The percent increase every five years also shows a remarkable growth in nearly 

every category. 

Table 2. For the period 1995-2020, a summary of MWt for several kinds of direct 

consumption [27] 
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2.2 Geothermal Resources in Iceland 

Iceland is a geologically young country located in the North Atlantic astride the Mid-

Atlantic Ridge, the boundary between the North American and Eurasian tectonic plates, 

shown in Figure 25. The two plates are moving apart at about 2 cm every year. Therefore, 

geological and tectonic processes are extraordinarily rapid and easily observed in Iceland. 

According to Ragnarsson et al. [28], some 20-30 volcanic eruptions occur every century, 

producing 45 km3 of lava over 1000 years. In addition, four hundred kilometers of the Mid-

Atlantic Ridge are exposed, making it possible to observe various tectonic processes such 

as volcanism and associated features on land. Numerous volcanoes and hot springs are 

found, and earthquakes are frequent. The volcanic zone crosses the island running from the 

southwest to the northeast. More than 200 volcanoes are located here, and 30 of them have 

erupted since the country was settled over 1100 years ago.  

 

 

Figure 25. Map of tectonic plates and Mid-Atlantic ridge through Iceland [5] [29] 

Numerous geothermal systems are associated with the volcanoes, ranging from 

freshwater to saline in composition and from warm to supercritical in temperature. At least 

25 high temperature (HT) areas exist on land within the volcanic zone with temperatures 

reaching 200°C above 1000 m depth, and several HT fields are expected to be (a few are 

known) in ocean ridges southwest and north of Iceland. About 250 separate low-temperature 

areas with temperatures not exceeding 150°C in the uppermost 1000 m have been identified, 

mainly in the active volcanic zone flanking. In addition, approximately 600 hot spring areas 

(temperature over 20°C) have been located [28]. Figure 26 shows Iceland's high and low-

temperature fields, and Figure 27 shows locations of boreholes drilled for geothermal 

purposes. 
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Figure 26. Geothermal fields and bedrock age in Iceland [28] 

 

Figure 27. Map of geothermal boreholes in Iceland [30] 
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2.3 Utilization of Geothermal Energy in Iceland 

Geothermal resources play a crucial role in Iceland's energy supply. They are used 

both to generate electricity and to apply heat directly. Iceland has a population of about 

360,000, almost two-thirds of whom live in the capital Reykjavik. Ragnarsson et al. [28] 

states that Iceland has the highest per capita energy consumption globally, with a higher 

share of renewable energy sources than most other countries.  

 

 The share of geothermal energy in the country's primary energy supply is 62%. 

Heating is the leading direct use of Iceland's geothermal energy, providing over 90% of all 

the energy used for home heating in the country. Other direct use areas are swimming pools, 

snowmelt, industrial process heat, greenhouses, aquaculture, and soil warming. Geothermal 

fluids are also a source of silica and salt for skincare products and liquid carbon dioxide 

(CO2) for soft drinks, greenhouses, and industry. The total direct use of geothermal energy 

in 2019 is estimated at 9,328 GWhth (33,600 TJ). Geothermal power has increased over the 

last two decades, primarily due to increased demand in energy-intensive industries. The total 

installed capacity is currently 755 MWe, and the total power generation in 2018 is 6,010 

GWhe, which is equivalent to 30% of the electricity produced domestically [28].  

 

IEA’s 2019 report [25] states that Iceland's use of geothermal resources has increased 

significantly over the past decade and is expected to increase. Electric power generation 

increased by 12%, from 5.0 TWh in 2016 to 6.0 TWh in 2019, and geothermal energy use 

increased from 27.1 PJ in 2015 to 33 PJ in 2019. By 2050, the population is expected to 

grow by 36%, and geothermal utilization is expected to increase by more than 70% to 50 PJ. 

The disproportionate growth in geothermal utilization compared to population is due to the 

expansion of energy intensive industries (e.g., metals processing, fish farming, food 

processing, data centers, leisure spas/lagoons) and steady improvements to the district 

heating systems which allows customers to draw more energy where deficits may have 

existed in the past.  

 

Through the 20th century, Iceland has grown from a country that relies on imported 

oil and coal to a country that derives virtually all stationary energy and 82.3% of primary 

energy from its renewable energy sources, with near zero-carbon electricity generation in 

2019 [25]. Iceland has put in place effective policies that make renewable energy a long-

term priority. No other place has geothermal energy playing such an essential role in the 

country's energy supply. Iceland's long-term goal is to ensure sustainable use of its resources. 

Implementing a hydropower and geothermal master plan is a step towards maintaining that 

goal. Through this experience, Iceland has developed a wealth of know-how and experience 

in utilizing geothermal resources for heating and power generation. 

 

Iceland's geothermal resources are used for both power generation and direct use. In 

high-temperature fields (>200 °C), geothermal steam generates electricity in eight locations. 

At three locations, geothermal fluids heat water for district heating, thereby improving 

energy efficiency. The low-temperature fields (<150 °C) mainly provide hot water for 

district heating. The current use of geothermal energy for heating and other direct uses is 

considered a small fraction of what this resource can provide in Iceland [28]. An overview 

of geothermal utilization in Iceland is shown in Figure 28. 
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Figure 28. The sectoral share of geothermal utilization in Iceland 2019 [28] 

2.3.1 District Heating 

In Iceland, direct applications, particularly space heating, account for most geothermal 

energy production and consumption. One of the early adopters was a farmer in Suður-

Reykir, a farm in the region of Reykjavik, who began utilizing geothermal water for heating 

his home in 1908 by transferring water from a nearby hot spring via a 500 m pipeline. 

 

The first large-scale use of geothermal energy for space heating was the construction 

of a 3 km long hot water pipeline from the Laugardalur hot springs in Reykjavik in 1930. 

Iceland's first municipal district heating service, Reykjavik Municipal District Heating 

Service (now Reykjavik Energy), was established in 1946.  

 

Following the rise in oil prices in the 1970s, the government took the initiative to phase 

out the use of oil in district heating and replace it with geothermal energy, resulting in an 

increase in the proportion of geothermal energy from 43 percent in 1970 to the current level 

of approximately 90 percent, shown in Figure 29. Electrical heating is used in buildings 

located outside of geothermal heating zones, either through direct electric heating or 

operation of heat pumps.  

 

Figure 29. Iceland's energy sources for space heating from 1970 to 2019. [28] 
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Ragnarsson et al. [28] also states that around 30 unique geothermal district heating 

systems operate in cities and villages throughout the nation, with an additional 200 minor 

systems operating in rural regions. These smaller systems provide hot water to farms, 

summerhouses, greenhouses, or other customers.  

 

Iceland has been able to reduce its reliance on fossil fuels while maintaining an 

affordable heating cost compared to most other nations because of geothermal space heating.  

Factors that might increase the proportion of geothermal energy in central heating to greater 

than 90% include borehole heat exchangers, geothermal heat pumps, and a continuing search 

for geothermal energy in so-called cold locations that in many cases lack permeability rather 

than heat [1].  

 

Electricity for district heating is subsidized by the state and energy providers for the 

tenth of Icelanders who have electric heating to guarantee that all Icelanders have affordable 

access to heating. A comparison of heating costs by location and energy type for Iceland is 

shown in Figure 30. 

 

 

Figure 30. Energy costs for domestic heating in Iceland, September 2018 [31] 

2.3.2 Snow Melting 

In Iceland, geothermal water is utilized to heat sidewalks and pavements to melt snow 

during the winter months. Practically all new buildings in geothermal-heated regions feature 

snow melting systems. As of 2019, Iceland's total area of snow melting systems is around 

1,200,000 m2, with most of it concentrated in the capital region. 

 

The de-icing of sidewalks and parking lots is accomplished using return water from 

the residences, around 35 °C. However, when the demand for the system is exceedingly 

high, most more extensive systems have the capability of drawing supply water from the 

district heating system (80 °C). 

 

 Rather than immediately melting the snow, the primary goal is to avoid ice or make 

snow removal simpler rather than to melt the snow. It has been built beneath most sidewalks 

and some streets in downtown Reykjavik, spanning an area of 70,000 m2, with a snow-

melting system consisting of loops of underground plastic pipes. This system is designed to 

provide a maximum heat output of 180 W/m2 surface area, with an estimated yearly energy 

usage of 430 kWh/m2. Approximately two-thirds of such energy originates from discarded 

water from space heating systems, with the remaining one-third coming directly from hot 

supply water. According to Ragnarsson et al. [28], Iceland was expected to consume 1,889 

TJ of geothermal energy for snow melting in 2019.  
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2.3.3 Swimming Pools, Spas, and Balneology 

Geothermal natural hot springs have been used for bathing in Iceland for generations, 

but outdoor swimming pools, as we know them now, have been gaining popularity since the 

beginning of the twentieth century and are now a part of everyday life in Iceland throughout 

the entire year. The history of hot pools in Iceland date back to initial settlement and most 

notably in the 12th century with Snorralaug. 

 

There are over 170 recreational swimming establishments in the nation, with 145 of 

them using geothermal heat to maintain water temperatures between 28 and 30 °C. The 

geothermally heated pools have a total surface area of around 35,000 m2. Swimming pools 

are available to the public throughout the year. Swimmers like using them for recreational 

reasons, and they are also used for swimming instruction, which is required in schools [28].  

 

Swimming is quite popular in Iceland, and the number of people who visit swimming 

pools has grown in recent years. There are fourteen public outdoor pools and a few indoor 

pools in the broader Reykjavik region alone, and many private pools. The largest pool is 

Laugardalslaug, which has 1,500 square meters of outdoor pools, a 1,250 square meters 

indoor pool, and five hot tubs with temperatures ranging from 35 to 42 °C. The number of 

people that come to Laugardalslaug each year is around 800 thousand [28].  

 

Another example of geothermal energy's use in balneology is the Blue Lagoon, the 

bathing facility Myvatn Nature Bath at Bjarnarflag near Lake Myvatn, the Laugarvatn 

Fontana geothermal baths, the Secret Lagoon at Flúðir, and the NLFI Spa and Medical Clinic 

in Hveragerði, which includes geothermal clay baths and water treatments. In addition, 

several new geothermal spas have opened in recent years, including the Vök baths in 

Urridavatn, the Geosea sea baths in Húsavík, the Sky Lagoon in Reykjavik, and the Krauma 

spa in Reykholtsdalur, among others [28].  

 

About 220 m3 of geothermal water or 40,000 MJ of energy is required annually to heat 

one m2 of pool surface area. A new mid-sized (50 m long) outdoor swimming pool consumes 

the same energy required to heat between 80 and 100 individual family residences. Iceland 

is expected to utilize 3,232 TJ of geothermal energy for swimming pool heating in 2019, 

according to current projections [28].  

2.3.4 Agriculture and Greenhouses 

One of the oldest and most significant applications of geothermal energy in Iceland is 

the heating of greenhouses. It is also one of the most environmentally friendly. When 

geothermal heating of greenhouses was first introduced in Iceland in 1924, it was already 

well established that naturally warm soil enhanced potato and other crop growth. Most 

greenhouses are found in southern Iceland, and most of them are made entirely of glass. 

They use steel pipes mounted on the walls and above the plants to provide heat. Under-table 

and under-floor heating are other popular options [28].  

 

Iceland's entire greenhouse surface area is about 200,000 m2. The distribution of 

greenhouse sizes in Iceland is shown in Figure 31, with the average size denoted by the red 

line. Fifty percent of this area is utilized for vegetable production (e.g., tomatoes, cucumbers, 

paprika), with the remaining 50 percent being devoted to producing cut flowers and potted 
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plants. Iceland produces over 18,000 tons of vegetables each year. The percentage of 

domestic production in total tomato consumption in Iceland is around 50%, while the share 

of domestic production in total cucumber consumption is nearly 100% [28].  

 

 

Figure 31. Distribution and the average size of all greenhouses in Iceland as of 2017 [32] 

Most greenhouses in Iceland are equipped with automated climate control, which 

allows them to regulate the temperature to the ideal temperature for several types of crops, 

which may range from 10-15°C in nurseries to 20-25°C for roses, for example. Additionally, 

a typical practice is to change the temperature to correspond to the most optimal daily 

fluctuations. The temperature outside, the wind speed, the material of the greenhouse cover, 

the temperature inside, artificial lighting, the heating system's arrangement, and the 

windows' opening are the primary factors that influence heat loss from greenhouses and, 

consequently, the amount of heating required [28]. 

 

According to a study conducted on the energy consumption for heating a group of 

typical greenhouses in Iceland, the average annual energy consumption in greenhouses with 

artificial lighting was 3.67 GJ/m2, and the average annual energy consumption in 

greenhouses without artificial lighting was 5.76 GJ/m2. According Ragnarsson et al. [28], 

the estimated total geothermal energy used by Icelandic greenhouses in 2019 was 668 TJ.  

2.3.5 Aquaculture and Fish Farming 

Iceland's fish farming industry has been a steadily expanding industry for years. 

Following a significant expansion beginning in 2002, overall output reached around 10,000 

tons in 2006. As of the present, the most abundant species are salmon and arctic char, which 

are followed by trout and Senegalese sole. However, it is anticipated that the production of 

all these species will expand significantly in future years [28].  

 

There are around 60 fish farms in Iceland, with approximately 20,000 metric tons 

yearly output. Between 15 and 20 percent of these fish, farms are powered by geothermal 

energy. Geothermal water, often ranging from 20 to 50 °C, is used to heat fresh water via 

heat exchangers or direct mixing, generally between 5 and 12 °C for juvenile production. 

The primary use of geothermal energy in Iceland's fish farming business is for the generation 

of young fish (char and salmon) [28].  
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According to predictions, increasing use of geothermal energy in the fish farming 

industry is projected to occur in the following years. According to Ragnarsson et al. [28], 

the estimated total geothermal energy consumed in Iceland's fish farming industry in 2019 

was 2,264 TJ.  

2.3.6 Industrial Utilization 

One of Iceland's most significant industrial geothermal energy users is the seaweed 

drying factory Thorverk in Reykhólar, situated near the country's west coast. Since 1986, a 

plant at Hæðarendi in the southern Icelandic town of Grimsnes has been producing 

commercial liquid carbon dioxide (CO2) from geothermal fluid collected from two gas-rich 

wells. The production is utilized in greenhouses to enrich the environment, manufacture 

carbonated drinks, and other food-related businesses like the dairy industry [28].  

 

In Iceland, geothermal energy has been utilized to dry fish for around 35 years. The 

drying of salted fish (bacalao), cod heads, fish bones, tiny fish, stockfish, and other goods 

has been the most common use of this technology. Industrial laundry facilities, 

manufacturing of health and beauty products from the mineral-rich geothermal waters, steam 

baking of bread at numerous sites, and a factory for curing concrete blocks are minor 

continuous operations that use geothermal energy [28]. 

 

Carbon Recycling International (CRI), an Icelandic-American corporation, has been 

operating a pilot plant in Iceland since 2012 that uses CO2 emissions from non-condensable 

gas in the steam from the Svartsengi geothermal power plant of HS Orka to produce 

methanol that can be blended with gasoline to fuel automobiles. The hydrogen required for 

the procedure is generated on-site by electrolysis of water [28].  

 

The establishment of two small salt factories in Iceland, both of which use geothermal 

energy in production, has occurred in the previous ten years. The company is primarily 

concerned with making "gourmet" table salt. Norður Salt, located in Reykhólar, West 

Iceland, is one of these facilities. The other salt plant in Iceland is Saltverk, which is in the 

twon of Reykjanes in Northwestern Iceland [28].  

 

Other industrial processes involving geothermal energy have been used in Iceland in 

the past, including fertilizer production at diatomite plant near Lake Mývatn, drying of 

imported hardwood in Húsavík, retreading of car tires in Hveragerði, and wool washing in 

Hveragerði, among others. According Ragnarsson et al. [28],  Iceland's total geothermal 

energy utilized as process heat in the industry in 2019 will be 922 TJ. 

2.3.7 Electric Power Generation 

Geothermal power makes for a significant portion of Iceland's electrical output, owing 

to its comparatively fast expansion during the last 20 years. Geothermal generating stations 

presently have a total installed capacity of 755 MWe. In 2018, the total output was 6,010 

GWhe, accounting for 30% of total electricity generation in the country [28]. Figure 32 shows 

a timeline of geothermal power plants in Iceland with nameplate capacity and total electric 

generation. 
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Figure 32. Electricity generation in Iceland from geothermal power plants 1969-2018 [25] 

 

The first geothermal power station in Iceland was built in Bjarnarflag in 1969, with a 

total installed capacity of 3.2 MWe. The Krafla power plant, which has been in operation since 

1978, is situated near Lake Myvatn in North Iceland with a total installed capacity of 60 MWe 

[28].   

 

The HS Orka Svartsengi co-generation power plant began operations in 1976, producing 

hot water until electricity generation began two years later. The plant provides hot water to 

approximately 23,000 people and is situated on the Reykjanes peninsula, about 40 kilometers 

from Reykjavik. After a series of efforts to expand the factory, Svartsengi currently has a total 

installed capacity of 190 MWth for hot water production and 76.4 MWe for electricity 

generation in several units. A portion of the effluent brine from Svartsengi is sent to the Blue 

Lagoon. In May 2006, HS Orka began operating a 100 MWe geothermal power station in 

Reykjanes [28].  

 

Since 1990, Reykjavik Energy has operated a co-generation power station in the 

Nesjavellir high-temperature field north of the Hengill volcano. The facility's main aim was 

to deliver hot water to the Reykjavik region, 27 kilometers away. The plant's capacity is about 

300 MWth, equating to 1,800 l/s of 83 °C district heating water. The total installed electric 

capacity is 120 MWe [28]. 

 

In October 2006, Reykjavik Energy began operating a new 90 MWe geothermal power 

station in Hellisheiði, in the southern section of the Hengill region. It was enlarged in 2007 

with the installation of a 33 MWe unit, followed by two 45 MWe units in late 2008 and two 

45 MWe units in 2011, bringing the total installed capacity to 303 MWe. Hellisheiði began 

producing hot water for district heating in Reykjavik in 2010 with a thermal capacity of 133 

MWth [28].  

 

In 2000, a 2 MWe geothermal binary-fluid power plant based on Kalina cycle 

technology was installed in Húsavík, in northeast Iceland. However, the facility has been out 

of commission since January 2008 due to operational issues [28].  
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The 5 MW power station in Bjarnarflag and the 60 MW Krafla power plant are operated 

by Landsvirkjun (the National Power Company). In addition, Landsvirkjun completed a 90-

megawatt power plant in the Theistareykir geothermal field in North Iceland. Construction 

began in 2015, with the first 45 MWe unit commissioned in November 2017 and the second 

45 MWe unit commissioned in April 2018. Most of the electricity generated by the 

Theistareykir plant is used to power a new silicon metal manufacturing factory in the adjacent 

town of Húsavík, which has an initial capacity of 32,000 tons per year [28].  

 

Varmaorka specializes in utilizing low-temperature geothermal resources for electricity 

production as a project developer. Their first project, at Fluðir in southern Iceland, includes 

four 150 kW modules commissioned in June 2018. The binary units generate electricity using 

116°C geothermal water cooled to 76°C throughout the power generating process. In the 

future, effluent water will be utilized for district heating. [28] 

2.4 Veitur and Orkuveita Reykjavíkur (OR) 

Reykjavik Energy (Orkuveita Reykjavíkur) is Iceland's largest geothermal energy 

company. Aradóttir et al. [21] states that the corporation delivers district heating and electric 

power to around 70% of Icelandic houses through its subsidiaries, Veitur utilities, and ON 

Power. The City of Reykjavik is the primary owner, and the number of employees is around 

570. Most of the energy is generated in two co-generative high-temperature geothermal 

power plants and through the direct usage of several low-temperature geothermal systems. 

Orkuveita Reykjavíkur has a 90-year history of using low- and high-temperature geothermal 

resources.  

 

According to a paper by Þórðarson et al. [1], district heating in Reykjavik began in 

1930 when geothermal wells near the historic thermal springs in Reykjavik provided hot 

water to several government buildings and roughly 70 private homes. Hot water deliveries 

from the Reykir field, 18 kilometers outside the city, began in 1943. Over time, the district 

heating system was expanded to cover the entire greater Reykjavik region. Since 1990, 

Reykjavik Energy has used low-temperature geothermal resources inside and around 

Reykjavik and high-temperature fields at Nesjavellir, about 27 km away from Reykjavik, 

and Hellisheiði, about 10 km away. Cold groundwater is heated in the cogeneration power 

plants at Nesjavellir and Hellisheiði.  

 

Several district heating systems have been acquired by Reykjavik Energy. Some are 

modest systems in rural regions, while others are among the country's largest geothermal 

district heating systems, servicing communities of tens of thousands of people. Reykjavik 

Energy's district heating system has a total installed capacity of 1,200 MWth and produces 

about 90 million m3 of hot water per year [28].  

2.5 Geothermal Reservoirs in Hveragerði 

A paper by Bragadóttir [33] describes the Hveragerði geothermal field, which is 

situated in southern Iceland, about 40 kilometers south of Reykjavik. It is the Hengill 

geothermal area's easternmost geothermal field. The location of the Hengill field and 

Iceland’s geology zones is shown in Figure 33, with high-temperature geothermal zones 

shown by red dots and low-temperature geothermal areas with yellow dots.  
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Figure 33. The Hengill geothermal region [34] 

 

The recorded downhole temperatures at Hveragerði vary between 160 and 230 °C, 

which does not fit well into the standard classification of high and low-temperature zones. 

Due to its proximity to the Hengill core volcano, the Hveragerði geothermal region is often 

classified as a high-temperature system. Figure 34 shows an overview of the Hengill system 

with reservoir temperature data and the location of Hveragerði. Bragadóttir [33] continues 

to state that Hengill is one of Iceland's major geothermal areas. The area's geological 

structure results from the interaction between active volcanism generated by the plate 

boundary and over 20 recurring glaciation periods. 

 

 

Figure 34. The thermal profile of the Hengill geothermal area [34] 

In 1995, a study by Geirsson et al. [35] of geothermal water and steam chemistry 

combined with data from boreholes led to a conceptual model of the hot geothermal zone in 
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Hveragerði, shown in Figure 35. Reservoir water enters the system from the north and flows 

south. On the way, the high tempertature geothermal fluid mixes with colder groundwater 

and cools. Boiling is limited to the top 200 meters of the ascending zone. Water that enters 

the well at this depth is in equilibrium with secondary minerals. The Cl/B ratio is higher in 

springs than in wells due to the mixture of geothermal water and old marine groundwater in 

the upper reaches. The complex effects of boiling and mixing reduce the reliability of solute 

geothermometers in estimating underground temperatures. Three mixed models were 

applied in Steingrímsson’s report [36] to assess the water temperature of the reservoir. They 

all show an initial temperature of 230-250 °C. Gas geothermometers indicate that the 

temperature of the reservoir water flowing into the Hveragerði field is 240-250 °C.  

 

 

Figure 35. Conceptual model of the Hveragerði geothermal field [35] 

In 2019, accessible data for the Hveragerði geothermal field was compiled and 

analyzed to further the knowledge of the reservoir's structure by Bragadóttir [33]. Formation 

temperatures of wells were approximated using this data, and a computational model was 

built using TOUGH2. A temperature field from a TOUGH2 natural state geothermal 

reservoir model for the Hveragerði field is shown in Figure 36. 

 

Figure 36. Natural state numerical model of the Hveragerði geothermal field [33] 
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2.6 History of Utilization in Hveragerði 

Friðriksson [37] states that the Hveragerði district heating system is the third oldest 

municipal district heating system outside Reykjavik. Numerous hot springs and thermal 

pools are located across the region that reach a temperature of 95 °C. At around 125 meters, 

there is a feed zone with 180 °C water. Halfway down, there is another feed zone with 170 

°C water. The geothermal heat was the primary reason for people to flock to Hveragerði. 

For others, it was an opportunity to settle and earn a living, while others constructed their 

own summer homes. Numerous individuals started hot-water drilling. The first well was 

drilled in Fagrahvammur in 1940, and five years later, 15 holes were drilled in Hveragerði 

on behalf of private individuals.  

 

Ívarsson [2] reports that the district heating company in Hveragerði (Hitaveita 

Hveragerði) was established in 1953, but many private utilities had been operated in the area 

with varying results. The district heating company in Hveragerði was a pioneer in Icelandic 

district heating issues, as this was the only population center in Iceland that used a high-

temperature geothermal reservoir for central heating. All other district heating companies, 

both local and private, used low-temperature reservoirs for heating.  

 

A fissure extends from north to south under the Hveragerði region. The boreholes that 

cut into it provide hot water (100 °C) and hot steam (180 °C), Þórðarson et al. [1]. There are 

numerous well-known hot springs in the Hveragerði region, although hot springs may also 

be found on the west bank of Varmá. The Reykjafoss wool plant was founded in 1902 to 

harness the power of the Reykjafoss waterfall to power rope machines, although it did not 

endure long when the wool factory discontinued operations in 1913. 

 

The dairy farm of Ölfus, created in 1929, received property on the west side of Varmá 

to employ thermal heat in the manufacturing process. In addition, a horticulture station was 

erected on a plot from Vorsabær east of Varmá, which, together with one home built in the 

Hveragerði region, marked the birth of Hveragerði. Hveragerði had a population of 121 

people at the end of 1940. Hveragerði had 37 residential dwellings and 19 summer homes 

in 1941 [1].  

 

There were instances when geothermal energy was not utilized for space heating at 

the start of the community, but most individuals were able to establish their modest district 

heating system using the closest adjacent hot spring. The water was brought home by pipes 

or wooden troughs. Pot heaters and a water circuit were employed to deliver heat inside [1]. 

 

In June 1940, a borehole was first drilled in Hveragerði, a successful 34-meter-deep 

well. More small wells were drilled in Hveragerði before 1950, but the best wells in the 

district are in the HS- and HV- series, the most recent being in 1989 and 2001 [1].  

 

The district of Hveragerði (Hveragerðishreppur) was established in 1946. The 

population was 399 people. In the spring, the first shared well was drilled to a depth of 49 

meters in the Hveragerði region using a drill. Nearly all boreholes in the area provide hot 

water and steam, with the added problem that calcium carbonate deposits clog them over 

time. The calcium carbonate must be removed using an earth drill. For example, the well, 

which was constructed in 1959, was cleaned 40 times, the most recently in 1997, although 

it was terminated a year later [1]. 
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In 1958, the government began drilling for geothermal steam sporadically for three 

years in Reykjar and Reykjakot, where a geothermal power plant was to be erected and 

energy generated. Then, between 1972 and 1973, Hitaveita Hveragerði negotiated an 

arrangement with Orkustofnun to use two (HV-02 and HV-04) of the state's eight steam 

wells in Reykjar [1].  

 

Technical issues have arisen and continue to arise because of 180 °C hot steam in the 

Hveragerði region. The distribution system was and still is twofold. Greenhouses and other 

unique users employ steam directly from the wells, while residences use heat exchangers to 

heat the household heating circuit and fresh water for consumption. The first of four heat 

exchange stations launched in Hveragerði in November 1997 [1].  

 

Orkuveita Reykjavíkur took over the management of Hitaveita Hveragerði in 

September 2004 and has since undergone various improvements to the utility's distribution 

system in Hveragerði. Previously, the district heating business was managed by the 

municipality of Hveragerði. [38]  

2.6.1 Geothermal Park 

The hot spring area in the center of Hveragerði contains the highest density of 

boreholes in the countryside and many beautiful natural hot springs. As a result, many 

tourists walk around the area and explore both hot springs and boreholes. However, activity 

in natural geothermal areas is very volatile, sometimes high, sometimes low.  

 

After the 2008 earthquake, the geothermal activity in the park diminished 

significantly. To make up for the loss in natural production, the employees of Hveragerði’s 

heating utility and town authorities agreed to allow both excess steam and water from HS-

08’s silencer and water from the heat exchange of the heat station in Bláskógar to flow into 

the geothermal park. This water flows out into an otherwise dry channel towards the tourist 

reception. There, the employees of Hveragerðisbær have set up facilities to boil eggs and 

take a hot foot bath. It is also possible to go there for a mud bath [2].  

2.6.2 Cancelled Electric Generating Station 

Eight wells were drilled for a proposed electric generating station. According to 

Thórhallsson et al. [16], these wells were not used, as the project was canceled. The district 

heating system was adapted and designed to use the production from some of these wells.  

 

A report by Steingrímsson [36] states that the drilling at Ölfusdalur produced excellent 

results, and the wells flowed at some of the highest rates recorded for their time. This 

success, however, has not resulted in considerable borehole utilization. Two of them (HV-2 

and HV-4) have recently been utilized for district heating, and well HV-3 has been 

operational since 1989, but the other wells have been abandoned. The usage of these wells 

has been much debated. These include plans for a heavy water plant in the 1960s, a 

horticulture plant in the 1970s, and a sugar factory in the 1980s. However, none of these 

plans materialized. Later, plans for building a steam power plant in Hveragerði were revived.  
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Björnsson [39] states that although these wells might be adequate for the operation of 

10 MW steam generators, such activities in Ölfusdalur are fraught with complications. The 

thermal fluid required by this plant and output into the district heating system would be 

around seven times the requirement of the Hveragerði community at the time. This 

difference in usage between the power plant and the district heating system would result 

significant effluent being discharged to the environment. In addition, this heat would not 

typically be permitted to enter the river Varmá, requiring cooling ponds and cooling towers. 

There is also a concern that H2S in borehole water introduced to Varmá would be detrimental 

to fish.  

 

The steam, noise pollution and effluent discharge to the river are more limiting for the 

functioning of the steam power plant in Ölfusdalur than the area's thermal power. Therefore, 

it was determined that a more appropriate solution was to generate power in another section 

of the Hengill region, where greater temperatures, 260-290 °C, may be anticipated, and the 

environment is not as sensitive as in Ölfusdalur [39]. 

 

Ölfusdalur appears to be the best location for heat in heat-intensive industries or large-

scale horticulture, and this activity could also produce some electrical energy for its own 

needs. However, it appears unlikely that harnessing boreholes in Ölfusdalur for large-scale 

electricity production offsets environmental and public health costs. Currently, no activity 

makes use of excess heat, but could in the future [39].  

2.7 Boreholes and Wells in Hveragerði 

Hitaveita Hveragerði's founding charter never excluded others in Hveragerði from 

using their borehole [15]. The district heating company uses its wells (HS-08 and HS-09) 

for processing and has a utilization license for several wells the state owns (HV-03 and HV-

04 are used). Several wells have been drilled by private parties, the town, the district heating 

companies, or the state in Hveragerði in the last 70 years. However, relatively few of them 

are still in use today, e.g., due to frequent limescale deposits, old age, and high maintenance 

costs.  

 

There are 79 boreholes registered in the Hveragerði area according to the National 

Energy Authority of Iceland (Orkustofnun), which are shown in Figure 37. Figure 38 shows 

all of the HS- series boreholes as well as the HV- boreholes utilized by Veitur’s district 

heating systems in Hveragerði. 
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Figure 37. Hot water and steam boreholes in Hveragerði [30] 

 

Figure 38 Selected boreholes of interest in Hveragerði [QGIS] 
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There is only one downhole borehole pump installed in Hveragerði (HS-08), and the 

remaining operational boreholes are artesian wells that flow under natural pressure. 

Þórðarson et al. [1] describes how a pressure differential in geothermal reservoirs causes 

self-flow in boreholes. Hot water rises in geothermal zones, while cold water falls outside. 

The difference in specific gravity between hot and cold water causes a cycle. Reducing the 

hot water level yields more hot water production through this natural phenomenon. This 

production method is only controlled by wellhead control valves and is subject to pressure 

swings leading to varying flow rates. Figure 39 shows a typical productivity curve for a well 

without a pump. Borehole pumps, often known as deep pumps in Iceland, are the best option 

for controlled production.  
 

 

Figure 39. An example of a geothermal well productivity curve [23] 

2.7.1 HS- Boreholes 

Sixteen holes were drilled by the district and Hitaveita Hveragerði in the years 1946 

to 2001. Ten of them (Hreppsholar) were given the letters HS-. These wells are on or near 

the hot spring area in the center of town. Today, two of these wells are used as production 

wells, HS-8 and HS-9. Two other HS wells were used for injection, HS-3, and HS-7. It was 

not long ago that other HS holes were utilized, but it is unlikely that any more of them will 

be exploited in the future [2].  

2.7.1.1 HS-00 

The first borehole was HS-00, and it was drilled in 1946. It is in the hot spring area in 

the middle of the town and was 56 meters deep. There was a steam separator on the well, 

and it was for a long time the only district well, but in the years 1956-1959, eight additional 

holes were drilled, most in the hot spring area [2].  

2.7.1.2 HS-01 

HS-01 was drilled in 1957 in the hot spring area to a depth of 314 meters. The silica 

geothermometer temperature of the well was 206 °C, and the well has been cleaned a total 

of 46 times between 1960 to 1992. The well was used for a long time but only as a spare 

well in later years. The well was cast shut in 1998 [2].  
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2.7.1.3 HS-02 

HS-02 was drilled in 1958 in the hot spring area to 130 meters. The silicon temperature 

of the well was 210 °C. The well has been cleaned 45 times, most recently in 1988. The well 

was cast shut in 1992 [2].  

2.7.1.4 HS-03 

HS-03 was drilled in 1963 and supplied heat for a wool washing station. It is outside 

the hot spring area on the site of Bláskógar and was drilled to a depth of 245 meters. The 

silicon temperature of the well is 206 °C. The well has been cleaned at least 30 times. In the 

last decade, the well had been used as an overflow well for excess steam and water in the 

distribution system [2].   

2.7.1.5 HS-04 

HS-04 is on the site at Dynskógar 20. The well was drilled in 1967-1968 to 620 meters. 

The well was unsuccessful and never used, but the temperature at the bottom turned out to 

be around 170 °C [2].  

2.7.1.6 HS-05 

HS-05 was drilled in 1968 at Reykjamörk 5 to a depth of 353 meters after dredging in 

1987. The temperature at the bottom was 180 °C, and the borehole was cleaned 32 times. 

The well was used for a long time but has remained unused in recent years. During an 

inspection on 20 August 2013, the wellhead temperature turned out to be 132 °C, and there 

was some self-flow observed [2].  

2.7.1.7 HS-06 

HS-06 was drilled in two phases between 1979 and 1981, next to Réttarheiði 33. It is 

outside the hot spring area and was drilled to 1,003 meters. The silicon temperature of the 

well is 191 °C. The well has been cleaned at least eight times. HS-06 never proved to be a 

good production well because cold groundwater flowed into it. Therefore, it was used as a 

drainage well for effluent from the Bláskógar heat station. Since it was closed, the well has 

not been used. Today, the well is buried and locked in the middle of a residential area [2].  

2.7.1.8 HS-07 

HS-07 was drilled in two phases in 1979 and then not completed until 1999. The well 

had a depth of 602 meters and was located within a wooden fence by a commercial building 

at Austurmörk 20. This well remained unused and has never been cleaned. In recent years, 

it has been used as a re-injection well [2].  

2.7.1.9 HS-08 

HS-08 was drilled in 1989 to a depth is 254 meters. Its silica temperature is around 
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200 °C, and it gives off about 80 l/s in self-flow. The thermal power of the well is over 20 

MW (based on utilization down to 35 °C), and it is the best well in the HS series. The well 

is located close to the heating station at Bláskógar and well HS-2. The well has been cleaned 

at least 19 times. HS-08 has been widely used, and in recent years it has been the only 

production well, along with HS-09 [2].  

 

 

Figure 40. Borehole HS-08 and Bláskógar heat exchange station [13] 

2.7.1.10 HS-09 

Hole HS-09 was drilled in 1999 to a depth of 373 meters. It is located above Klettahlíð 

and is in an open but fenced area above the settlement. During an initial inspection on 15 

August 2013, the well was in maximum operation, and the hole top temperature was 

measured to be 153 °C [2].  

2.7.2 HV- Boreholes 

HV-holes northwest of Hveragerði. Holes owned by the state were drilled in the years 

around 1960 due to a forthcoming power plant located at Vorsabæjarvellir. Today, wells 

HV-3 and HV-4 are used by Hitaveita Hveragerði. Hola HV-03 has served the area around 

Vorsabær, as well as the houses north and east of the river. Hola HV-04 now serves both the 

agricultural university and the new sports hall [2]. Table 3 shows the flow and heat energy 

potential from the HV wells according to Jónasson [15]. Table 4 shows the historical 

measured temperatures and mass flow rates of the HV wells as summarized by 

Steingrímsson [36] in 1991. 
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Table 3. The thermal energy capacity of boreholes in Ölfusdalur [15] 

Hole 

Closing- 

Pressure 

[bar] 

Enthalpy 

(h_0) [kJ] 

Flow at 1 

bar_a [kg/s] 

Heat Energy 

above 0°C 

[MWth] 

Heat Energy 

above 35°C 

[MWth] 

Heat Energy 

above 40°C 

[MWth] 

Flow at 6 

bar_a 

[kg/s] 

HV-1 Not measured 

HV-2 9 795 100.3 79.8 65.1 63 93.4 

HV-3 13 925 74.7 69.1 58.2 56.6 75.3 

HV-4 6.5 782 62 48.5 39.5 38.2 37.7 

HV-5 Not measured 

HV-6 12 929 65.9 61.3 51.6 50.2 65.6 

HV-7 10.5 971 53.6 52.1 44.2 43.1 54.7 

HV-8 13.5 883 128 113.1 94.3 91.6 128 

Table 4. Boreholes in Ölfusdalur – heat and power [36] 

Hole 

Total 

Depth 

[m] 

Measurements 1960 - 1963 Measurements 1979 - 1984 

Max 

Temp 

[°C] 

at 

Depth 

[m] 

Total 

flow 

[kg/s] 

Steam at 6 

bar_a 

[kg/s] 

Max 

Temp 

[°C] 

at 

Depth 

[m] 

Total flow 

[kg/s] 

Steam at 6 

bar_a [kg/s] 

HV-1 982 232 600       

HV-2 692 188 150 93 5.8     

HV-3 64 216 400 75 9.3 209 400   

HV-4 692 184 150 38 2.1     

HV-5 1206 190 200       

HV-6 661 217 500 66 8.3 218 450 62 7.2 

HV-7 831 230 400 55 8 224 550 30 5 

HV-8 295 216 286 128 13.3 207 286 87 11.2 

2.7.2.1 HV-01 

HV-01 is at the mouth of Grænidalur and is 982 meters deep. The well was never used, 

and concrete was finally poured into it in 1993 [2].  

2.7.2.2 HV-02 

HV-02 is about 407 meters deep and has been used by Hitaveita Hveragerði since 

1973. The highest temperature in the well is around 188 °C, and the silicon temperature is 

around 200 °C [2]. The well has been cleaned at least 46 times, and the thermal power of the 

well (calculated down to 40 °C) is about 63 MW [13]. HV-02 is presently utilized as a source 

for Hveragerði's direct steam supply system.  

2.7.2.3 HV-03 

Since 1990, HV-03 has been used for heating Reykjakot and nearby houses as well as 

Vorsabæjarvellir and the stable area. The pressure at the top of the hole turned out to be 2.2 

bar on 20 August 2013, and the temperature was 122 °C. The borehole lies south and west 

of Varmá, and there is a pipeline across the river to Reykjakot and nearby houses. Another 

pipeline runs to Vorsabæjarvellir. The third pipe lies in a nearby ground drain expected to 
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receive the overflow. The drain, however, does not accept the overflow, and a geothermal 

pond has formed [2]. The thermal power of the well (calculated down to 40 °C) is about 75 

MW [13]. An overview of the HV-03 borehole and connections is shown in Figure 41. 

 

 

Figure 41. Borehole HV-03 [13] 

2.7.2.4 HV-04 

HV-04 is the southernmost hole in the HV series. It is 692 meters deep and 184 °C hot 

(silicon temperature 197 °C). Throughout the years, the well has been used for residential 

and greenhouses, both in Gufudalur and in the new farms Friðarstaðir and Álfafell. In recent 

years, the well has gained more weight, but recently, the sports complex was connected to 

the well and the Horticultural school after the Horticultural school's wells choked out. The 

thermal power of the well (calculated down to 40 °C) is about 38 MW. HV-04 has been 

cleaned at least 40 times [2]. Borehole HV-04 and its connections are shown in Figure 42. 

 

 

Figure 42. Well HV-04 [13] 
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2.7.2.5 HV-05 

HV-05 is by the bridge over Varmá south of the floor field in Gufudalur. The well is 

1206 meters deep and was intended as a measuring hole. The well has never been new or 

measured. During the inspection on 27 August 2013, 96 °C steam evaporated with a liner, 

but the whole top was cold [2].  

2.7.2.6 HV-06 

HV-06 is beyond Varmá from Vorsabæjarvellir. The well has a depth of 661 meters, 

and the silicon temperature is about 231 °C. The thermal power of the well (calculated down 

to 40 °C) is about 50 MW [2].  

2.7.2.7 HV-07 

HV-07 was drilled to a depth of 831 meters. The thermal power of the well (calculated 

down to 40 °C) is about 43 MW [2].  

2.7.2.8 HV-08 

HV-08 is 314 meters deep, and the silicon temperature is about 232 °C. This well is 

the most powerful HV well and was long used as an exhibition well. The thermal power of 

the well (calculated down to 40 °C) is about 93 MW [2].  

2.8 Digitalization and Future of District Heating Systems 

A journal article by Averfalk et al. [40] explains that a big common denominator for 

future efficient district heating systems is the low-temperature level of the grid. Second, 

higher efficiencies are achieved in both heat supply and heat distribution. Heat supply is 

made more efficient by combining heat with power generation, flue gas condensation, heat 

pumps, geothermal energy, low-temperature waste heat, and heat storage. Heat distribution 

is made more efficient due to less distribution loss, less pipe expansion, and less risk of burns 

and plastic pipes. Lower thermal requirements for future buildings will allow lower 

temperature levels in the district heating system.  

 

Jensen [41] states that increased energy efficiency and a fully optimized system are 

required to enable the green transition of district heating in most countries. More renewable 

energy and waste heat are being used and sector coupling to promote sustainability. Lower 

temperatures, lower losses, running at maximum capacity, enhanced heat plants, and 

utilizing building flexibility will all help to increase efficiency. Due to lower operational 

costs (OPEX) and enhanced asset management (CAPEX), future district heating systems 

will be more profitable and competitive.  

 

A journal article form Birk et al. [42] explains that there are various advantages to 

digitizing the distribution system, particularly in operational analysis, real-time control, and 

overall system efficiency. By digitizing the distribution system, we may achieve a more 

balanced energy flow and reduce heat loss.  
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The fast advancement of computers and IoT (Internet-of-Things) has created new 

possibilities for utility firms. Operations may be enhanced by using data from sensors 

installed in the homes of individual customers and sensors installed across the supply chain. 

This approach is referred to as "data-driven dynamic operation." Here, Artificial Intelligence 

(AI) methods can aid in forecasting short-term heating demand. Knowing future demand 

enables appropriate temperature and flow control of supply water, rather than running with 

a larger-than-necessary safety buffer. District heating is already widely considered one of 

the most logical ways of energy provision. By implementing data-driven optimization, 

district heating's status as a sustainable energy supply technology capable of decreasing 

carbon emissions and helping climate change mitigation will be bolstered even further. 

Additionally, district heating optimization offers significant economic benefits. According 

to a Danish analysis, the potential yearly savings in Denmark are between 240 and 790 

million DKK if the supply water temperature can be decreased by three to ten °C [43].  

2.8.1 Operational Analysis and Predictive Maintenance 

The primary advantage of digitizing the distribution system is the capacity to gather 

and manage data, enabling a more detailed investigation of each grid's operating parameters 

and enabling a better degree of predictive maintenance. Additionally, it will serve as a 

foundation for more sophisticated technologies like active control and operational 

optimization. The distribution grid's more developed digitalization effort will allow 

temperature, flow, and pressure data handling, which enables the identification of network 

bottlenecks or areas with excess capacity, resulting in more efficient management [42].  

 

Additionally, digitalization may contribute significantly to more effective leakage 

detection. Leaks are a frequent and reoccurring problem in most district heating systems, 

and as a result, many closed-loop district heating systems have to replenish their circulating 

water mass each year completely. Improved measuring and analysis techniques will aid in 

the rapid identification of issues [42].  

2.8.2 Data Measurement and Processing 

There needs to be a high degree of real-time data measuring devices throughout the 

network to optimize district heating systems from supply to customer. In addition to data 

collection, tools and knowledge must be in place to leverage this data stream. 

2.8.2.1 Smart Meters 

Lund et al. [43] states that the primary reason for using digital meters was to gain 

administrative efficiencies. Utility firms would no longer be reliant on customers to report 

their use. However, it has become evident that the potential is far greater. Processes can be 

optimized by using the measurements – in conjunction with data from strategically 

positioned sensors across the supply chain. By using AI methods, data may be analyzed to 

provide forecasts of future short-term heating demand. These forecasts may identify crucial 

points in the system or instances where the temperature may go below allowable values. 

Figure 43 shows an example of a Kamstrup smart meter and its measured values within the 

household heating system. 
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Figure 43. Kamstrup smart meter system diagram [41] 

2.8.2.2 Weather Data 

Combining data from local weather predictions based on local meteorological 

observations is possible. It becomes feasible to use data-driven approaches to optimize the 

supply water temperature to maintain it as low as possible when real-time temperature data, 

crucial points, heating demand projections, and local weather forecasts are brought together. 

Developing a system capable of automatic optimization is achievable by today's 

technological standards. During the first few months of operation, the system will adapt to 

the characteristics of the location in question, allowing it to make even more accurate 

forecasts in the future [43].  

2.8.2.3 Artificial Intelligence 

Artificial Intelligence (AI) technologies to estimate heating demand in the near term 

would be beneficial in dynamic data-driven operations. Knowing how much demand will be 

generated in the future helps the utility company to adjust the temperature and flow of supply 

water precisely rather than operating with a more considerable safety margin than is 

required. Already, district heating is widely acknowledged as one of the most cost-effective 

and environmentally friendly methods of thermal energy distribution (depending on heat 

source). The introduction of optimal operation based on data analysis would further boost 

the position of district heating as a sustainable energy supply technology capable of 

decreasing carbon emissions and contributing to climate change mitigation and adaptation 

[43].  

 

Veitur is currently pursuing applications of artificial intelligence in multiple facets of 

district heating design, operation, and maintenance. This AI architecture will leverage all 

available data streams to predict customer usage, forecast future states of the district heating 

network, and efficiently control the system to meet the anticipated demands. 
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2.8.3 Managing Bottlenecks 

Numerous district heating networks have existed for an extended period. As additional 

consumers get connected, the original distribution system may become undersized to meet 

the increased demand, resulting in the appearance of bottlenecks that constrain capacity. 

When integrated into a network, modern solutions based on digitalization may help balance 

and meet demand. This process allows for extending the useful life of existing pipes by 

adding additional customers within the same distribution restrictions. Making the best use 

of the system is a significant advantage of digitization since it helps both capital and 

operational expenditures. Consequently, capital expenditures on infrastructure may be 

avoided or minimized [42].  

2.8.4 Regulating Demand 

Traditionally, operational distribution has been concerned with maintaining high 

pressure and insulating the pipes; hence, the old system has been concerned with supplying 

the demand. However, digital technologies such as intelligent grid controllers make it 

feasible to regulate demand, which has many advantages for the distribution grid. 

Furthermore, system temperatures may be lowered by optimizing demand management, and 

hydraulic operations become more automated over past practices [42].  

2.8.5 Optimal Pressure Control 

Most district heating distribution systems now employ a limited number of critical-

point measurements in a network (typically the most distant/elevated network point) as a 

set-point reference for the pumping station. This setting is typically only changed between 

the winter and summer operating regimes. When hydraulic conditions change, changing 

control points is essential in a modern and complicated district heating system. This optimal 

control becomes more significant as variable heat sources are dispersed in a network that 

serves as a thermal infrastructure, and sources fluctuate in terms of capacity and location 

over time. A more adaptable system will also allow for more dynamic operations during 

daily demand and longer-term and seasonal change-overs. Optimizing operating pressure is 

not simply technical but also includes lower pumping costs and better leakage control [42].  

2.8.6 Optimal Temperature Control 

The supply temperature in conventional networks is determined by a production curve 

proportional to the current outside temperature. Typically, a safety margin is included in the 

curve or manually inserted by the network operator. Integrating digital solutions makes it 

feasible to take a more dynamic approach to supply temperature control, mainly when many 

portions of the energy chain are covered. This optimal temperature control enables lower 

system temperatures, hence reducing heat loss and, as a result, primary energy consumption. 

It also improves the sustainability of renewable energy sources since lower system 

temperatures allow for more effective utilization, benefiting both the economy and the 

environment [42]. 

 

It is worth noting that this optimal temperature control is less of a concern in Iceland 

for district heating systems of geothermal origin. In which case, there is no added cost to 
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increase nor direct control of the production temperature from the geothermal reservoir 

which is reliably above the temperatures needed for district heating customers (> 80 °C).  

2.8.7 Empowering the Customer 

Digitalization enables end-users to become more conscious of their energy use. They 

get insight into their energy usage via visualization tools that utilize actual data regularly, 

such as hourly intervals. Benchmarking against other customers becomes feasible, and 

energy reductions may be offered. Tools that assist consumers in controlling and monitoring 

their energy use may simplify and assist them in significantly increasing the efficiency of 

district heating, allowing for fourth-generation district heating. Nonetheless, engaging end 

consumers in energy-related concerns may be challenging.  

 

Additionally, new data might allow the energy supplier to take greater responsibility 

and action toward end consumers, such as offering services such as heat system monitoring. 

Leveraging this, energy companies may create new billing models and eventually offer 

comfort (various interior temperature ranges) rather than kilowatt-hours of energy. Energy 

rating tools based on smart meter data that also recommend upgrades for buildings and heat 

system installations can be an incentive for building owners/managers and utilities from an 

energy efficiency standpoint [42].  

2.8.8 Smart Asset Management and Risk Assessment 

At the moment, asset management is determined by age and life expectancy. Asset 

management could be data-driven, with the state of an asset determined by its actual usage 

and other factors rather than its age. Improved asset management will enable energy 

suppliers to focus investments on the most profitable opportunities [42].  

2.9 Geothermal Sustainability Assessment Protocol 

Adalsteinsdottir et al. [44] provides an overview on the Geothermal Sustainability 

Assessment Protocol (GSAP), which is a technique for determining the sustainability of 

geothermal energy systems. It is modeled after the worldwide Hydropower Sustainability 

Assessment Protocol (HSAP). It is a framework for evaluating geothermal project 

performance against a predetermined set of sustainability criteria, including environmental, 

social, technical, and financial concerns.  

 

At the heart of both protocols is promoting best practices in energy development. The 

protocols result from a consensus among stakeholders, including international non-

governmental organizations, governments, and financial institutions. The evaluation 

provides a comprehensive assessment of the project's compliance with worldwide best 

practices for sustainable development, shown in Table 5 and Table 6. Geothermal projects 

should have minimal adverse environmental and social consequences and significant 

positive socioeconomic outcomes, notably via providing clean, low-cost energy to the grid 

and hot water to meet heat demand. The net GSAP score for Hveragerði’s district heating 

system is presented in §1.3.9. 
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Table 5. GSAP assessment topics [44] 

 

Table 6. GSAP scoring system [44] 

 

2.10 Combined Heat and Power 

Sector coupling is a core tenant of next-generation heating systems, sustainability, and 

circular economics. Electricity generation and district heating are two sectors that are well 

situated to co-exist. Combined heat and power plants are well established and not 

particularly novel. With the recent rise of low cost and mass-produced modular power 

generating systems, the options for small geothermal district heating systems have grown, 

particularly if the geothermal fluid produced at the wellhead is hotter than what is needed 

for the district heating system.  

2.10.1 Small Scale Organic Rankine Cycles 

The Organic Rankine Cycle (ORC) is a potentially transformative technology for 

generating electrical energy from low-grade thermal sources. Tocci et al. [45] states that 

several megawatt-scale power stations have been constructed globally during the previous 

decade. Despite this market potential, the commercialization of ORC power plants in the 

kW range has not reached a mature stage for various reasons. The price is still too high to 

provide an appealing payback time, and prospective customers for small-scale ORCs are 

primarily SMEs (Small-Medium Enterprises), frequently unaware of the potential savings 

associated with this technology.  

 

Table 7 shows a list of companies that provide small-scale or modular ORC systems 

with a description of power outputs, technology type, and appropriate source temperatures. 
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Table 7. Small-scale ORC unit producers. [45] 
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Chapter 3 

3Methods 

The primary methods of this thesis project are as follows. First, data and background 

information were obtained through a comprehensive search of documentation and databases 

both in the public domain and in internal channels at Veitur. Externally this includes the 

Icelandic Meteorological Office, Statistics Iceland, and Skipulagstofnun. Internally this 

includes the SQL data warehouse, the SCADA system, ArcGIS data, and configuration 

management portal (DMM). 

 

Field visits were undertaken to see the district heating system components in 

Hveragerði, including the source boreholes, the heat exchange and pumping stations, and 

the customer access points. In addition, subject matter experts and regional area experts 

within Veitur and the OR group were consulted through all phases. 

 

The primary software tools to interact with the data and model the district heating 

system include Fluidit Heat, QGIS, and Visual Studio Code (Python). 

3.1 Case Study and System Boundaries 

A comprehensive digital model was made for all four district heating systems managed 

within Hveragerði. These include the primary closed-loop system from the Bláskógar heat 

exchange station, the geothermal steam one-way distribution system, the Vorsabæjarvellir 

horse stable closed-loop system, and the Hamarshöll closed-loop system. The portion of the 

town being supplied by the Austurveita utility was not modeled in the base configuration as 

this utility system primarily serves areas outside of Hveragerði town proper, although the 

interconnection of the Austurveita utility system was studied in one child scenario. 

 

For validating the base model and modeling future scenarios, the system boundary is 

selected to include only the primary closed-loop distribution system from the Bláskógar heat 

exchange station. This boundary was chosen because the Bláskógar system is the most 

significant subsystem in the overall Hveragerði system, and it includes a significant amount 

of operations data logged hourly in Veitur’s SCADA system that other heat exchange 

stations do not. Additionally, the direct steam distribution system's customer demand and 

meter data are either non-existent or estimated, and Fluidit Heat does not support 

calculations for two-phase water/steam mixtures or gas phases present in the steam 

distribution system. Figure 44 shows the system boundary for the base scenario (demand as 

is today) and Figure 45 shows the boundary for the future scenario (demand in 2030). 
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Figure 44. Base scenario – system boundary of the Bláskógar closed-loop distribution 

system  

 

Figure 45. Future scenario – system boundary of the Bláskógar closed-loop distribution 

system  
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3.2 Site visits 

Throughout the thesis project, site visits were conducted to gain insight into the district 

heating system's design, operation, and maintenance in Hveragerði. In total, six trips were 

made between September 2021 and January 2022. 

 

In September 2021, the author met twice with experts from Orkuveita Reykjavíkur’s 

research and development team as well as local employees in charge of operating and 

maintaining the district heating system. Visual inspections and measurements were 

performed at all five boreholes and all three heat exchange stations connected to 

Hveragerði’s heating system. Notes and photos were recorded to outline the equipment 

specifications, locations, interconnectivity, operational history, and maintenance history. 

 

There are 436 Kamstrup Type 603E421 hot water meters (shown in Figure 46) located 

in the town of Hveragerði, which cover 33% of all meters in the town. These meters measure 

cumulative volumetric usage, heat energy usage, inlet temperature, and outlet temperature. 

The data is collected from these meters via proximity. A mobile antenna rig is installed in a 

car and driven around town to collect the meter data. The author collected this meter data on 

October 6th, December 1st, January 13th, and January 20th. In addition, further inspections of 

the district heating system were conducted, infrared temperature readings were collected, 

and pressure and temperature values from glass gauges on the system were recorded. 

 

 

Figure 46. Kamstrup Multical 603 smart meter [46] 

3.3 Hydraulic modeling and simulation of piping systems 

Physical phenomena in the district heating network follow the laws of 

thermodynamics and hydrodynamics. The term "modeling" refers to mathematical 

formulation of these laws to describe a phenomenon or system. Modeling enables the 

simulation of a phenomenon or system, resulting in evaluable behavior and outcomes. 

Because of the intricacy of the calculations and the difficulty of performing them by hand, 

modeling and simulation are completed using computers. 

 

Creating a virtual network on a computer is the core of district heating network 

modeling. A paper by Pitkänen [47] describes that the network model can be used to mimic 

the functioning of a district heating network and investigate the network's behavior under 

various conditions. It can, for example, prevent system outages and improve operations. 

Computers can be used to develop and simulate the building of new plumbing routes.  
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Water distribution system (WDS) models are a valuable and extensively used tool for 

planners, designers, maintainers, and operators, and there are various software programs 

available to generate hydraulic models. By developing a hydraulic model, all conceivable 

future scenarios may be investigated, including the expansion of the large demand industries 

or other sectors that might result in population increase as well as the influence of climate 

change on the water distribution systems [48].  

3.4 Fluidit Heat modeling software 

Fluidit is a Finnish company headquartered in Järvenpää. They provide hydraulic 

modeling tools for engineers and utilities globally to address the current era's urban pipe 

infrastructure concerns. Their software suite comprises Fluidit Water (for water distribution 

systems), Fluidit Heat (for district energy systems), Fluidit Storm (for stormwater systems), 

and Fluidit Sewer (for pumping stations and sewer systems). Their hydraulic modeling 

portfolio is purpose-built to help modelers, engineers, and decision-makers address urban 

infrastructure problems creatively and analytically by enabling them to simulate water and 

energy systems, plan for the future, and make the best choices. 

 

Fluidit Heat is a simulation tool for district energy systems that enables users to build, 

manage, and evaluate complex district heating and cooling systems as "digital twins." A 

digital twin is a virtual model that accurately reflects a physical component or system in 

real-time. Fluidit Heat is a high-performance simulation engine with an easy user interface 

that allows comprehensive data analysis and intelligent asset management choices. Fluidit 

Heat is based on the industry-leading hydraulic network simulator EPANET and an in-house 

proprietary energy transfer model. It has a rapid GIS-based user interface with live backdrop 

maps that enables the creation of entirely configurable visualizations for scenario analysis 

and stakeholder communication. 

 

Fluidit Heat enables customers to identify the ideal production parameters for their 

heating sources, including the sequence in which they operate, the amount of electricity 

required, and the temperatures and pressures at which they operate. It can simulate current 

settings and future scenarios or estimate demand based on weather and customer 

characteristics. Additionally, it can consider fuel prices, CO2 tariffs, and electricity prices 

to calculate the net operating costs of manufacturing plants and pumping stations, identify 

network leakages and heat and pressure losses, and determine the optimal level of service 

for each consumer. District energy systems are intricately linked; everything influences 

everything else. As a result, impact assessments of investments and any modifications to the 

network need system-level analysis. Simulating the technical viability of operational 

parameters or new technologies adds essential information to financial planning for 

investments. Modeling provides essential insight into emergencies and aids in preparing and 

planning for events [3].  

 

An overview of common uses and capabilities of the Fluidit Heat software is shown 

below. 

 

Analysis and design tools for heat and mass transfer: 

• Evaluate the operating conditions and energy consumption of pumping stations 
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• Analyze the system's hydraulic and thermal balances. 

• Utilize informative and simple-to-understand pressure head diagrams. 

• Utilize return temperature/cooling curves concerning the ambient or source 

temperature. 

• Determine the demand shortfall, for instance, in the event of a pipe rupture or 

locations with low differential pressure. 

• Continuous pressure difference and constant power control are used to simulate 

manufacturing facilities. 

• Control supply temperature and heat generation depend on the time of day when 

the external temperature is constant or variable. 

• Utilize customized schematic views to create intelligent dashboards that update 

automatically in response to simulation results or arithmetic operations. 

• Create raster backdrop maps using data from nodes/users and simulation 

outcomes. 

 

GIS-interface: 

• Import, draw, and modify network components quickly and easily using the 

built-in GIS interface. 

• Online backdrop maps (Bing Maps, OpenStreetMap, satellite imagery, and 

custom WMS/WFS) 

• Elevation models and integrated automated elevation retrieval for intersections 

and hill shading 

• Automatic updating of the windows and results depending on the current 

selection. 

• Visualization of components and outcomes is entirely customizable. 

• Numerous reference maps are available (shp, dxf, geotiff, mif, geojson, and 

GML). 

• All EPSG coordinate systems are supported. 

• Available affine coordinate transform. 

• User interface windows that are movable and floatable. 

• Libraries of pipe materials pre-installed. 

• Application Programming Interface (Python, JavaScript, RUBY). 

 

Typical application scenarios: 

• The total expense of lowering the supply or return temperature 

• Impact of connecting disparate energy networks. 

• Operating networks with low energy consumption that are coupled to district 

heating networks 

• Thermal accumulators in load balancing: application and sizing. 

• Determine the viability of network-based thermal pump priming. 

• Appropriately sizing and using heat exchangers while optimizing temperature 

changes throughout the process. 

• Analyze the effect of varying return temperatures on condensation in combined 

heat and power plants (CHPs). 

• Plan enhancements to the network or the creation of new pipes. 

• Determine the locations and capacities of new power plants and pumping 

stations. 
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3.5 Fluidit Heat Governing equations 

The fundamental fluid dynamics, thermodynamics, heat transfer theory, and equations that 

govern the industry-leading hydraulic network simulator EPANET and Fluidit in-house 

thermal packages are outlined below. 

3.5.1 Flow Dynamics 

Liquid flow through pipes is the fundamental function of municipal distribution 

networks and in which friction is a defining factor for pressure drop and head loss. Figure 

47 shows liquid flow through pipes in three flow regimes: laminar, transitional, and 

turbulent. The Reynolds number is used to determine which flow type is in a particular 

piping segment. 

(3.1) 

 Where Re is the Reynolds number, Vavg is the average flow velocity [m/s], D is the 

internal diameter of pipe [m], v is the kinematic viscosity of the fluid [m2/s], ρ is the density 

[kg/m3], and µ is the viscosity [kg/m*s]. Under normal conditions, laminar flow is Re < 

2300, transitional flow is 2300 < Re < 4000, and turbulent flow is Re > 4000 [49].  

 

 

Figure 47. Visual representation of laminar, transitional, and turbulent flow [50] 

3.5.2 Head loss due to friction 

The hydraulic head lost by water moving through a pipe due to friction with the pipe 

walls may be calculated using the Hazen-Williams formula, the Darcy-Weisbach formula, 

or the Chezy-Manning formula. In the United States, the Hazen-Williams formula is the 

most widely used head loss formula. However, it cannot be used for liquids other than water 

and was explicitly designed for turbulent flow. The most theoretically exact formula is the 

Darcy-Weisbach formula. It applies to all flow regimes and liquids. For open channel flow, 

the Chezy-Manning formula is more widely utilized. 

 

All the above formulas use the following equation to calculate head loss due to friction 

in a pipe from start to end node: 

(3.2) 

 

𝑅𝑒 =  
𝑉𝑎𝑣𝑔𝐷

𝜈
=

𝜌𝑉𝑎𝑣𝑔𝐷

𝜇
 

ℎ𝐿 =  𝐴𝑞𝐵 
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Where hL is the head loss in length, A is the resistance coefficient, q is the flow rate in 

volume divided by time, and B is the flow exponent. The resistance coefficient and flow 

exponent values for each friction method are shown in Table 8. 

Table 8. Pipe head loss formulas and coefficients. [4] 

 

 
 

Within the Darcy-Weisbach friction model, there are different methods for computing 

the friction factor depending on the type of flow regime. For laminar flow, the Hagen-

Poiseuille equation is used. For fully turbulent flow, the Swamee-Jain equation is used. For 

transitional flow, a cubic interpolation from the Moody diagram (Figure 48) is used. 

 

 

Figure 48. Moody diagram [51] 



94  CHAPTER 3: METHODS 

   

The Hagen-Poiseuille equation for laminar flow of a fluid in a pipe [52]: 

(3.3) 

Where ΔP is the pressure difference between the ends of the pipe [Pa], µ is the 

viscosity [kg/m*s], L is the length of the pipe [m], Q is the volumetric flow rate of the fluid 

[m3/s], R is the inner radius of the pipe [m], and A is the cross-sectional area of flow [m2].  

 

The Swamee-Jain equation for fully turbulent flow of a fluid in a pipe: 

(3.4) 

Where hL is headloss [m], V̇ is volumetic flow rate [m3/s], L is length of the pipe [m], 

g is the acceleration due to gravity [m/s2], D is the internal diameter of the pipe [m], ε is the 

relative roughness of the pipe, and v is the kenamitc viscosity of the fluid [m2/s]. 

3.5.3 Minor Losses 

The turbulence associated with bends and fittings causes minor head losses. A minor 

loss coefficient can be assigned to the pipe to account for these losses. The calculation for 

minor head loss is a product of the velocity head seen in the pipe and this coefficient. 

(3.5) 

Where hL is the head loss in [m], K is the minor loss coefficient, v is the flow velocity 

[m/s], and g is the acceleration due to gravity [m/s2]. The values for the minor loss coefficient 

by fitting type is shown in Table 9. 

 

Table 9. Minor loss coefficients by fitting type [4] 
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3.5.4 Heat Loss 

For most district heating networks, heat losses account for 4-20% of the supplied 

thermal energy into the system [47]. The following formulas show the calculation of heat 

losses from two separate heat distribution pipes buried in the ground [53]. 

 

The total heat loss from both the supply and return pipe together: 

(3.6) 

The total heat loss from the supply pipe only: 

(3.7) 

The total heat loss from the return pipe only: 

(3.8) 

Heat flow from the supply pipe to the return pipe: 

(3.9) 

The thermal resistance due to insulation: 

(3.10) 

The thermal resistance due to the ground: 

(3.11) 

The thermal resistance due to coinciding temperatures: 

(3.12) 

Giving the total thermal resistance: 

(3.13) 

With the following definitions: 

 

𝑃𝑠𝑜 = The heat loss from the supply line without influence from the return line [W] 

𝑃𝑟𝑜 = The heat loss from the return line without influence from the supply line [W] 

𝜆 = Heat conductivity for the ground [W/mK] 

𝑃ℎ𝑙 = 𝑃𝑠𝑜 + 𝑃𝑟𝑜 = 𝐿𝜋𝑑(𝛩𝑠 + 𝛩𝑟)/(𝑅𝑖 + 𝑅𝑔 + 𝑅𝑐) 
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𝜆𝑖 = Heat conductivity for insulation [W/mK] 

Θ𝑠 
= 𝑡𝑠 − 𝑡𝑎 [°C] 

Θ𝑟 
= 𝑡𝑟 − 𝑡𝑎 [°C] 

𝑡𝑠 = Supply temperature [°C] 

𝑡𝑟 = Return temperature [°C] 

𝑡𝑎 = Ambient temperature (air/ground) [°C] 

𝐿 = Route length for the pair of pipes [m] 

𝑑 = Outer pipe diameter [m] 

𝐷 = Outer insulation diameter [m] 

𝑠 = Distance between pipe centers [m] 

ℎ = Distance between pipe centers and ground surface level [m] 

3.5.5 Temperature Drop 

The heat energy delivered by the district heating network is given by Frederiksen et 

al. [53]: 

(3.14) 

With the following parameters: 

 

ΔT𝑠 
= Temperature drop in the supply flow between two nodes 

𝐾 = Heat transmission coefficient regarding the outer pipe surface [W/m2K] 

𝐿 = Pipe length between nodes [m] 

𝜆𝑖 = Heat conductivity for insulation [W/mK] 

𝑇𝑠 = Supply temperature [°C] 

𝑇𝑎 = Ambient temperature (air/ground) [°C] 

𝑣 = Water velocity [m/s] 

𝑑𝑖 = Inner pipe diameter [m] 

𝑑𝑜 = Outer pipe diameter [m] 

𝜌 = Water density [kg/m3] 

𝑐 = Specific heat capacity for water [J/kgK] 

3.5.6 Heat Power Transfer 

The heat energy delivered by the district heating network is given by: 

(3.15) 

Where Pd is delivered thermal power [kW], ṁ is the mass flow rate of the fluid [kg/s], 

c is the specific heat capacity for water at the average temperature [J/kg*K], ts is the supply 

temperature [°C], and tr is the return temperature [°C] [53].  

𝛥𝑇𝑠 =
−4𝐾𝐿𝑑𝑜(𝑇𝑠 − 𝑇𝑎)

𝑣𝑑𝑖
2𝜌𝑐

 

𝑃𝑑 = �̇�𝑐(𝑡𝑠 − 𝑡𝑟) 
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3.6 Veitur Design Standards 

Veitur’s design standards [54] for building district heating systems are based on 

European standard IST EN 13941. 

 

• It shall be assessed whether it is sensible to supply district heating water from 

two sources. 

• The forward pressure at the inlet point should not be lower than 3.0 bar-g or 

higher than 7.0 bar-g. 

• In high-rise buildings, the homeowner should install pumping equipment to 

obtain sufficient pressure on the upper floors of the buildings. 

• In peripheral supply areas, the forward pressure at the inlet point shall be no 

lower than 2.0 bar-g 

• Backpressure in a dual distribution system shall be in the range of 1.0 to 4.0 

bar-g at the inlet point. 

• The differential pressure in the dual distribution system shall never be less than 

1.5 bar-g. 

• The pressure drop in the mains should not be more than 5 mmWC/m (0.490 

bar/km) 

• The pressure drop in the distribution system pipes should not be more than 10 

to 15 mmWC/m (0.981 to 1.47 bar/km) 

• Other than main pipes, distribution system pipes should be laid at a depth of 

50 - 60 cm. 

• The hot water supply temperature to the house shall not fall below 50 °C. 

• Only materials for heating pipes that meet IST EN 253, IST EN 448, IST EN 

488, and IST EN 489 are used. 

• In cases where plastic is used, the choice of material according to the following 

standards and requirements: Pipe: DIN 16892/16893, DIN 4726. Welding 

connector / Screw connector: DIN 2440. 

• Material shall, as a rule, be based on a pressure class of 10 bar and be in 

insulation class 1 

• Ensure sufficient water velocity in the pipes to prevent cooling (see §3.7.1) 

• When designing a dual district heating system, the principle must be adhered 

to that, looking at the flow direction of the return pipe, the return pipe is always 

on the right side of the ditch. 

• Table 10 shall estimate the maximum power requirement for heating buildings 

with district heating.  

Table 10. Thermal demand for housing 

  Flow Requirement Power Requirement 

Type l/h/m3 W/m3 

Residential building 1 floor 0.53 24.5 

Residential building 2 floors 0.48 22 

Residential building 3 floors 0.44 20 

Residential building 4 floors 0.33 15 

Residential buildings 5 and 6 floors 0.27 12.4 

Commercial and service housing 0.27 12.4 
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• The simultaneous coefficient of hot water use for heating is according to the 

following equation:  

(3.16) 

Where n is the number of connected dwellings. 

 

• The increase of thermal demand due to tap water consumption is: 

 

(3.17) 

Where ∆p is the elevation factor for tap water, q
k
 is the installed tap water 

load (20 kW) and q
h
 is the installed heating load. 

 

The simultaneous coefficient of hot tap water is according to the following 

equation: 

(3.18) 

Where s∆ is the contemporary coefficient on tap water use and n is the number 

of connected dwellings. The role of tap water in design ceases to be a 

significant factor if there are more than 100 apartments. 

 

• Once the heating and tap water power for each house has been determined, the 

design load P(n) for n users is found with: 

(3.19) 

Where 𝑃(𝑛) is the design power for n users, q
h
(i) is the basic heating power 

of a specific user, ∆p(i) is the increase due to the tap water power of certain 

users, s is the contemporary heating factor, s∆ is the contemporary coefficient 

of tap water, n is the number of connected dwellings and ΦTap is the power 

loss in the distribution system. In new distribution systems, the power losses 

in the distribution system are typically less than 5% of the power that enters 

the distribution system. 

 

• A roughness factor of 0.5 mm should be used in design calculations which has 

a built-in safety factor. 

𝑠 = 0.62 +
0.38

𝑛
 

∆𝑝 = {
(𝑞𝑘 − 𝑞ℎ)         𝑞ℎ < 20 𝑘𝑊
0                         𝑞ℎ ≥ 20 𝑘𝑊

 

𝑠∆ = 𝑛−0.6(101 − 2) × 10−2        𝑛 ≤ 101 
𝑠∆ = 0                                                 𝑛 > 101 

 

𝑃(𝑛) = [𝑠 ∑ 𝑞ℎ(𝑖)

𝑖=𝑛

𝑖=1

+ 𝑠∆ ∑ ∆𝑝(𝑖)

𝑖=𝑛

𝑖=1

] + 𝛷𝑇𝑎𝑝[𝑊] 
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• When designing and operating pumping stations, it shall be assumed that the 

deviation from the desired values is a maximum of ± 0.5 bar in regular 

operation. 

• The water temperature out of the pumping stations shall be 80 °C. 

• When designing and operating pumping stations, it shall be assumed that the 

deviation from the desired values is a maximum of + 2 °C and -5 °C during 

regular operation. 

3.7 Other Design Standards 

3.7.1 Velocities 

A commonly used criterion for determining optimal flow velocity versus diameter 

relationship is to set the pressure gradient to a constant value, typically between 50 – 100 

Pa/m. This method should be used with average flow conditions in the district heating 

system. The Swedish District Heating Association (DHA) also provides optimal flow 

velocity and maximum design flow rate guidelines.  

Table 11. Optimal flow velocity guidelines for pipe diameters [53] 

Pipe Diameter [mm] 
Optimum Flow Velocity [m/s] 

dp/dL = 100 Pa/m Swedish DHA 

50 0.75 1 

100 0.9 1.5 

150 1.2 2 

200 1.3 2.25 

250 1.4 2.4 

300 1.6 2.5 

 

The district heating pipes in Hveragerði range in size from 15 – 313 mm, and the 

corresponding flow velocities for both methods are shown in Table 11 and Figure 49 [53]. 

 

Figure 49. Optimal flow velocity vs. pipe diameter [53] 
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 The Fluidit Heat simulation results can be evaluated to determine if the simulated 

velocity results for each pipe are within guidelines. At larger diameters, the maximum flow 

velocity is dictated to avoid risks of transient pressure events (i.e., water hammers). In the 

lower diameter scale, the maximum flow velocity is dictated by the risk of turbulent flow-

induced noise propagating into connected buildings [53].  

 

 Industrial standards as it relates to plumbing and heating pipes state the following: 

 

• Velocities at full design load should be greater than 0.5 m/s [55] 

• The critical velocity for hot water systems is lower than the critical velocity of 

cold-water systems [56] 

• Noise is a primary consideration for an upper limit of 1.5 m/s in piping passing 

through populated areas [56] 

• Erosion and corrosion are less of an issue regarding the 1.5 m/s limit, however, 

when velocities exceed 2.5 m/s abrasive actions of dissolved particles in the 

fluid can result in erosion or corrosion. [56] 

 

Considering all of the sources and the specifics of Hveragerði’s system, it can be 

inferred that the velocity for home connection pipelines and street-level pipelines should not 

exceed 1 m/s. For most neighborhood-level pipelines, the maximum velocity should not 

exceed 1.5 m/s. For the largest diameter main distribution pipelines, the maximum velocity 

should not exceed 2.5 m/s. In all cases, the minimum velocity should be greater than 0.5 m/s 

for reducing heat loss and avoiding oversizing. 

3.7.2 Peak Demand Estimation 

According to Valdimarsson et al. [57], a typical design standard for peak load demand 

in Iceland is 0.35 l/h per m3 or 45 W/m2. Thermal losses can account for 5-10% of max 

power input. The typical design criteria for peak required thermal heat energy by type of 

dwelling are shown in Table 12.  

Table 12. Thermal demand by building category [57] 

Category 
General Design Value 

[W/m2] 

Reykjavík Calculated Value 

[W/m2] 

Detached single-family 

house 
80 70 

Adjoining single-family 

houses 
50 43 

Apartment buildings 35 41 

Large Apartment Buildings 30 - 

Generic Usage - 45 

3.8 Fluidit Model Building 

3.8.1 Digital elevation 

A digital elevation model (DEM) file was obtained from the National Land Survey of 
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Iceland (Landmælingar Íslands) [58]. For Hveragerði, this was tile number 58, which is 50 

km by 50 km GeoTIFF in Iceland's ISN93 projected coordinate system. This DEM file was 

imported into Fluidit Heat to update component elevations and visualize ground elevation 

automatically. 

3.8.2 Physical components 

Geospatial vector data in the shapefile data format was obtained from Veitur’s GIS 

database. The shapefile data collected included the hot water pipes, steam pipes, boreholes, 

and hot water meters in the Hveragerði area. The imported and manually created components 

include junctions, reservoirs, tanks, pipes, pumps, valves, open demands, and closed 

demands. 

3.8.2.1 Reservoirs 

Reservoirs are nodes that represent an unlimited supply of water to or from the model, 

a source, or sink. For example, these can represent lakes, rivers, aquifers, boreholes, or tie-

ins to other systems [4]. The most important properties of a reservoir are its elevation, which 

defines its hydraulic head, and temperature. Patterns and curves can control the head of the 

reservoir and temperature [59]. In the Hveragerði model, eleven reservoirs can be divided 

into five primary sources, three secondary sources, and three sinks. The primary sources are 

boreholes HS-08, HS-09, HV-02, HV-03, and HV-04. The three secondary sources act as 

feeds to initialize the water in the closed-loop distribution systems. Finally, the three sinks 

are effluent discharges for the three heat stations. 

 

Regarding the Bláskógar distribution system, the primary source is reservoir HS-08 

with an assigned water temperature of 150.46 °C, connected to the downhole pump 

controlling pressure output. An effluent reservoir next to HS-08 in the geothermal park 

represents a discharge conduit for the geothermal effluent exiting the heat exchangers. A 

secondary source reservoir in the heat exchange station initializes the water supply for the 

closed-loop system with a temperature of 35.5 °C and a hydraulic head of 26.3 meters water 

column (2.58 bar). The temperature and pressure for the secondary source reservoir were 

chosen to match historical SCADA values for the return water in the Bláskógar station. 

3.8.2.2 Junctions 

Junctions are nodes in the network where two links connect or where a link terminates 

without connection [4]. There are 4,685 junctions in the base model. The junctions are not 

imported explicitly but generated from the imported pipe segments. The simulation 

generates results for the junctions that include pressure, temperature, volumetric demand, 

energy demand, energy deficit, and pressure difference [59]. 

3.8.2.3 Tanks 

Tanks are nodes in the network that can store a time-varying volume of water [4]. The 

main inputs for tanks include elevation, diameter, and water levels (initial, minimum, and 

maximum). There are no tanks in the Hveragerði model.  
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3.8.2.4 Pipes 

Pipes are links that carry water from one point in the network model to another point. 

The flow direction is from the end with the higher hydraulic head to the end with the lower 

hydraulic head [4]. In the Hveragerði model, the pipes were imported from Veitur’s GIS 

database. There are 5,669 pipes in the base model. Veitur’s GIS database contains essential 

imported properties carried into the Fluidit model. These properties include inner diameter, 

outer diameter, construction year, role, unique ID, material, system type, flow type, and 

insulation. The simulation generates the pipe results, including velocity, head loss, head loss 

per unit length, and heat loss. 

3.8.2.5 Pumps and Pump Batteries 

Pumps and pump batteries introduce energy into the system by raising the hydraulic 

head through a link [4]. Pumps are controlled by their pump curves or modeled as a constant 

energy device. Pump batteries are simplified pumps that allow the modeler to select intuitive 

control options such as constant flow, constant outlet pressure, constant inlet pressure, or 

constant generated head. Pump batteries are hydraulically independent of their pump curves 

by default but can be limited to operating within their defined curves [59].  

 

There are seven pump batteries in the Hveragerði model. These include 3 for the heat 

exchange stations and 4 for boreholes. The pump on borehole HS-08 is modeled to represent 

the downhole Schlumberger ESP installed in the field, while the pumps on HV-02, -03, and 

-04 represent the natural artesian production of these boreholes. 

 

For the Bláskógar system, the downhole pump on HS-08 has a constant outlet pressure 

setting of 9.52 bar, which was assigned based on average logged values between December 

2020 – and February 2021. In addition, a pump battery in the heat exchange station also 

takes the flow from the return network and pushes it through the heat exchangers. This pump 

battery has a constant outlet pressure setting of 4.5 bar, which matches the average logged 

value between December 2020 and February 2021. 

3.8.2.6 Heat Exchangers 

Heat exchangers are links that change the water temperature. Essential properties of 

the heat exchanger include network direction, diameter, power, and water temperature. The 

heat exchanger can be configured to connect the supply to return, return to supply, supply 

to supply, or return to return. The heat energy provided by the heat exchanger is either 

determined by the power setting or by the outlet water temperature setting. Heat exchangers 

can be linked to one another to connect systems, for example, a double closed-loop [59].  

 

There are ten heat exchangers in the Hveragerði model. The Bláskógar heat exchange 

station has six, the Hamarshöllin station has two, and the Vorsabæjarvellir station has two. 

In reality, there are five, but duplicating all heat exchangers allows the linking of separated 

loops. The thermal energy originates from the boreholes and is transferred to the closed-loop 

networks to heat the circulating water. The heat exchangers at Bláskógar are controlled to 

provide a temperature of 79.9 °C to the closed-loop system. 
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3.8.2.7 Valves 

Valves are links that can limit the pressure or flow at a certain point in the system [4]. There 

are six specialty valve links supported in Fluidit described below [59].  

 

• Flow Control (FCV) – Limits the maximum flow through the valve by a specified 

setting. 

• Pressure Reducing (PRV) – Limits the pressure at the outlet node to a specified setting 

by limiting flow. 

• Pressure Sustaining (PSV) – Maintains the pressure at the inlet node to a specified 

setting by limiting the flow. 

• Pressure Breaking (PBV) – Specifies a pressure loss in the valve. 

• General Purpose (GPV) – Allows a user-defined head loss and flow relationship. 

• Throttle Control (TCV) – Simulates a partially closed valve with a specified minor 

head loss coefficient. 

 

In addition, there is also shutoff (gate) valves and check (non-return) valves, but these 

are added as a property to a pipe link and not a standalone link by itself. 

 

In the Bláskógar system, two pressure-reducing valves are connected to the output of 

well HS-08. One valve is on the branch that connects to the direct steam distribution system 

and has a set of 3.1 bar. Its purpose is to ensure that the steam distribution setting at this 

location does not fall below 3.1 bar. The second pressure reducing valve is on the branch 

heading towards the heat exchange station and has a setting of 4 bar. Its purpose is to reduce 

the pressure from the wellhead before the heat exchangers as the heat exchangers cannot 

withstand higher pressures due to age and degradation from acid cleanings. 

3.8.2.8 Open and Closed Demands 

The Fluidit Heat model is demand-driven; that is, the assigned volume or energy usage 

at each customer point is the main factor for determining the pull through the system and 

from the source. 

 

The open demand component requires a volumetric usage value and is adequate for 

district heating systems supply-side. The open demands in the Hveragerði model are the 

customers on the direct steam distribution system and the Austurveita system.  

 

The closed demand component requires an energy usage value and is adequate for 

closed-loop supply and district heating systems. In Hveragerði, this would include all the 

customers on the Bláskógar, Hamarshöllin, and Vorsabæjarvellir closed-loop systems. 

 

The demand values were imported from Veitur’s GIS database, containing the location 

and estimated water usage value in l/s. The estimated usage value is based on the previous 

year’s meter readings and represents an average usage over one year. The heat energy usage 

value in kilowatts was calculated from the volumetric usage for the closed-loop customers 

based on the average supply side and return side temperatures logged at the Bláskógar heat 

exchange system. 
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3.8.3 Non-physical components 

In addition to the physical components of the model, Fluidit employs informational 

objects such as patterns, curves, time series, and controls. 

3.8.3.1 Patterns 

Patterns are a series of multipliers that vary over time. For example, a 24-hour demand 

pattern can specify a different multiplier for every hour of the day. 

 

 

Figure 50. Average winter daily demand pattern for Hveragerði  

 

In the Hveragerði model, a 24-hour demand pattern was generated to control all the 

user demands in this network, shown in Figure 50. This pattern was created from the hourly 

recorded flow values from the Bláskógar heat exchange station from December 2020 

through February 2021. The intent was to capture the average winter day. The daily demand 

pattern for hot water is flatter than the typical cold water demand pattern due to a steady 

heating demand for home radiators throughout the day. 

3.8.3.2 Curves 

Fluidit Heat can model various curves that establish a relationship between two 

quantities. The supported curves are described below. 

• Pump Efficiency – The pump’s relationship of efficiency and volume flow rate at 

different operating points.  

• Continuous Pump (Q-H, Type 3) – The pump’s relationship of pressure head and 

volume flow rate at different operating points. 

• Head Loss – The head loss through a general-purpose valve (GPV) as a function of 

flow rate. 

• Volume – A water storage tank’s volume as a function of water level. 

• Cooling – A defined cooling temperature as a function of either ambient temperature 

or supply temperature. 

• Power – A multiplier for a main plant’s power as a function of either ambient 
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temperature or supply temperature. 

• Temperature – A multiplier for consumer demand as a function of either ambient 

temperature or supply temperature. 

 

The Hveragerði model has a continuous pump (Figure 51) and efficiency curve based 

on the actual pumps operating in the Bláskógar heat exchange station. Three identical pumps 

are operating in parallel: Desmi NORM (Type no 100/400), manufactured in 2006, with a 

max flow of 100 m3/h, a maximum head of 40 mWC, and RPM of 1500. 

 

 

Figure 51. Pump curve for Bláskógar station  

3.8.3.3 Global Demand Multiplier 

The global demand multiplier is a setting that scales all demands in the model by a 

specified factor. The purpose is to consider the seasonal or monthly variation in usage from 

the annual average value for demand. 

 

A global demand multiplier of 1.587 was calculated to scale the annual average 

demand values to the winter season usage in the base scenario. This multiplier was selected 

by simulating the flow rate through the Bláskógar station with no multiplier and dividing 

that value by the average flow between January 1, 2022, and January 4, 2022. 

 

 

Figure 52. Seasonal and monthly variation of demand multiplier in Hveragerði   
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The instantaneous flow was divided by the average flow over the entire period to 

visualize the seasonal and monthly variation in hot water demand at the Bláskógar station in 

Hveragerði. As shown in Figure 52, the winter peaks are typically around 1.6 times the 

average annual usage value, and the summer troughs are about 0.4 times the average annual 

usage value. 

 

A winter peak multiplier of 1.6 is typical for Veitur’s service area, and the model 

calibration led to a value of 1.587, which is within a 0.8% difference. District heating system 

design standards call for peak multipliers in the range of 1.8 – 2.2 to account for rare extreme 

cold weather events and include a margin of safety. The purpose of this computer model is 

to reflect the actual conditions seen in the district heating system in the most recent winter, 

and for that purpose, 1.587 will be used for the base and future scenarios. 

3.9 Simulation and Scenario Configuration 

The scenario tree for the thermohydraulic model of Hveragerði’s district heating 

system is shown below. The base scenario is the root scenario and serves as the basis for the 

children scenarios described in the following sections, shown in Figure 53. 

 

 

Figure 53. Scenario tree in the Hveragerði Fluidit Heat model  

3.9.1 Base Scenario 

The base scenario represents Hveragerði’s district heating system as it is today. The 

physical component shapefiles for pipes and metering points used in this model were sourced 

from Veitur’s GIS databases in August 2021. The model controls and configuration were 

first set to replicate winter conditions between December 2020 and February 2021 and then 

updated as the project progressed to replicate peak winter conditions between December 

2021 and February 2022. The base scenario is the root or “parent” scenario for all other 

scenarios. 
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3.9.2 Future scenario 

 

Figure 54. Overview of new demands and piping in future demand scenario.  

 

In Kambaland, 258 new demands were added with a combined thermal energy demand 

of 1.33 MW. In Hliðarhagi, 26 new demands were added with a combined thermal energy 

demand of 96.5 kW. In the business area south of Suðurlandsvegur, 30 new demands were 

added with a combined thermal energy demand of 196 kW. In Holmabrun, 38 new demands 

were added with a combined thermal energy requirement of 240 kW. In Edensreit, 9 new 

demands were added with a combined thermal energy requirement of 149 kW. In 

Grimsstaðareit, 26 new demands were added with a combined thermal energy requirement 

of 147 kW.  

 

The thermal energy requirements above are annual average usage. The future scenario 

globally scales all demands by 1.587 to replicate a winter peak usage scenario. In 

summation, 384 new demand points were added (33.6% increase), which correspond to an 

additional 3.52 MW of peak thermal energy demand (37% increase) and 19.2 l/s of peak 

supplied hot water (36.7% increase). A map of the new demand areas added in the future 

scenario is shown in Figure 54. 

 

Additionally, new pipes were added to the model to represent the future connections 

that will be added by 2030. These new pipes were sourced partly from Veitur’s GIS database 

on the future design of district pipes and partly drawn by hand based on local building plans 

from the Icelandic Planning Agency (Skipulagsstofnun). The new pipes in the future 

scenario are shown in red in Figure 55. 
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Figure 55. New pipes added to future scenario  

3.9.3 Future Pressure Zones Scenario 

The future pressure zones (FPZ) scenario was designed based on the pressure results 

from the future scenario and the nodal elevation of all customers requiring hot water. After 

iterating through several booster station locations and controls, the final design of three new 

pressure zones is shown in Figure 56. The high-pressure west zone is shown in red, the high-

pressure north zone is shown in green, the primary, intermediate pressure zone is shown in 

grey, and the low-pressure zone is shown in blue. The corresponding pump stations for each 

zone are shown with the pump battery and valve components. The elevations serviced by 

each zone are shown in Table 13. 

Table 13. Comparison of elevations served by each zone 

Zone 
Maximum 

Elevation [m] 

Median 

Elevation 

[m] 

Minimum 

Elevation [m] 

Sprea

d [m] 

Median 

Difference from 

IP [m] 

Median Difference 

from IP [bar] 

High Pressure North 68.4 62.6 56.8 11.6 14.1 1.38 

High Pressure West 79.3 67.45 55.6 23.7 18.95 1.86 

Intermediate Pressure (IP) 

or Primary Pressure 
60 48.5 37 23 - - 

Low Pressure 40 28.5 17 23 -20 -1.96 
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Figure 56. Overview of recommended pressure zones for future design.  

The high-pressure zones generally serve customers above 56 m MSL, the primary 

intermediate pressure zone ranges between 37 – 60 m MSL, and the low-pressure zone 

between 17 – 40 m MSL. Apart from the HP north zone, all zones serve an elevation range 

of about 23 m. The HP north zone is well-positioned to expand north into the valley to supply 

customers with up to 80 m MSL. 

 

The optimal control settings for the new pressure zones were determined by iterating 

through different setpoints to find an ideal balance in simulated supply pressure, return 

pressure, and pressure difference results. The following sections give an overview of the 

control settings and design of the new booster stations. 

3.9.3.1 High-Pressure North Zone 

The new booster pump station for the high-pressure north zone is located between 

borehole HS-09 and Breiðamörk 33 (GPS: 64°00'18.0"N 21°11'10.7"W), see Figure 57. 
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Figure 57. Satellite view of HP North booster station  

The piping and instrumentation diagram and optimal control settings for the high-

pressure north zone are shown in Figure 58. The booster pump on the supply line maintains 

a pressure difference of 2 bar between the supply outlet and return inlet. The pressure 

reducing valve on the return line maintains a pressure drop of 1.38 bar between the return 

inlet to the return outlet. 

 

 

Figure 58. P&ID of HP North booster station  

3.9.3.2 High-Pressure West Zone 

The new booster pump station for the high-pressure west zone is located slightly west 

of Kjarrheiði 18 at a walking path and road (GPS: 64°00'08.8"N 21°12'25.2"W), shown 

Figure 59. 
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Figure 59. Satellite view and building plan view of HP North booster station [Fluidit, 

Skipulagsstofnun] 

 

The piping and instrumentation diagram and optimal control settings for the high-

pressure west zone are shown in Figure 60. The booster pump on the supply line maintains 

a pressure difference of 2 bar between the supply outlet and return inlet. The pressure 

reducing valve on the return line maintains a pressure drop of 1.5 bar between the return 

inlet to the return outlet. 

 

 

Figure 60. P&ID of HP West booster station  

3.9.3.3 Low-Pressure Zone 

The new booster pump station for the low-pressure zone is located at the Veitur district 

heating valve chamber HV-20A near Hveramörk 3 (GPS: 63°59'58.6"N 21°11'22.4"W), 

shown in Figure 61. 
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Figure 61. Satellite view of LP booster station  

The piping and instrumentation diagram and optimal control settings for the low-

pressure zone are shown in Figure 62. The pressure reducing valve on the supply line 

maintains a pressure drop of 1.5 bar between the supply inlet to the supply outlet. The 

booster pump on the return line has a remote control point located at the new Veitur office 

at Vorsabær 9 (shown in Figure 63), which maintains a pressure difference of 2 bar between 

the supply and return lines at the office connection points. 

 

 

Figure 62. P&ID of LP booster station  
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Figure 63. Location of control point for LP booster station.  

3.9.3.4 Enhanced Bláskógar Pump Control 

Poor differential pressure performance in the primary, intermediate pressure zone was 

observed in the FPZ scenario. New controls settings were trialed for Bláskógar to address 

the deficient pressure difference. The optimum control logic found for the Bláskógar pumps 

was a differential pressure value of 2 bar at the inlet of the HP west booster station. A P&ID 

of this controls system is shown in Figure 64. The location of the remote control point is 

shown in Figure 65. 

 

 

Figure 64. P&ID for enhanced Bláskógar station pump control  
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Figure 65. Location of control point for Bláskógar station enhanced control  

3.9.4 Enhanced Future Pressure Zones Scenario (EFPZ) 

The FPZ scenario was designed to take advantage of the existing district heating 

system infrastructure with minimal changes. The EFPZ scenario further enhances the 

pressure zone design in a few categories. First, the coverage area of the HP north zone was 

expanded to cover nearby streets, which performed poorly in the IP zone. The EFPZ scenario 

requires laying short runs of new piping, replacing short runs of existing piping with a larger 

diameter, and closing valves. Furthermore, a new piping route was laid to the public 

swimming pool, performing poorly in the LP zone. Lastly, a few more piping replacements 

in the existing network were made to address high-priority bottlenecks. An overview of the 

piping changes is shown in Figure 66.  

 



3.9 SIMULATION AND SCENARIO CONFIGURATION

  115  

  

 

Figure 66. EFPZ scenario – modified piping diameter overview  

3.9.5 EFPZ with Diameter Optimization Scenario (EFPZ+D) 

The EFPZ+D scenario was created further to optimize the performance of the future 

district heating network. Further diameter modifications of existing and planned piping were 

made to address medium priority bottlenecks and inadequately sized final customer delivery 

pipes. These changes were made by studying the maximum unit head loss and maximum 

velocity results of the EFPZ scenario. An overview of the further diameter modifications 

made in the EFPZ+D scenario is shown in Figure 67 
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Figure 67. EFPZ+D scenario – modified piping diameter overview  

3.9.6 Interconnection of Austurveita Scenario (EFPZ+A) 

There is a desire to build a mixing station to interconnect the Austurveita and 

Hveragerði utility systems to solve existing problems and create new benefits (see Figure 

68). The Gljúfurárholt wells in the Austurveita overproduce hot water at 114 °C, which is 

too high of a temperature for the large amounts of plastic piping in the Austurveita system. 

The production of hot water in Gljúfurárholt exceeds the available production of cooling 

water, and by sending excess hot water to Hveragerði, the total blended temperature for 

supply in Austurveita will be reduced to 80 °C.  

 

There is also a need to replenish the water supply in the Hveragerði closed-loop system 

to improve water quality, reduce biological growth, and lower the concentration of dissolved 

particles and gases. By introducing 15 l/s of Gljúfurárholt water into the Hveragerði system, 

there will be continuous flushing of 28.7% of water in the base scenario (2022) and 21.0% 

in the future scenario (2030), which is a significant increase from the present 0.516% 

flushing rate seen today. 

 

Further benefits include a continuous flow of return water at 5 l/s and 35 °C, available 

for the Hveragerði swimming pool. Currently, the swimming pool sources water from the 

direct steam distribution system and suffers from unreliable pressure and more caustic 

dissolved particles and gases. This new source would be cleaner and more dependable to 

suit the swimming pool needs. 

 

Additionally, the Bláskógar heat station for the Hveragerði closed-loop system is at 
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capacity regarding available pumping and heat exchanger capacity. Introducing 15 l/s of 80 

°C water into the supply side of Hveragerði’s closed system at the new mixing station will 

decrease the thermal load on Bláskógar’s heat exchangers and decrease the volumetric flow 

throughput on Bláskógar’s pumps. 

 

 

Figure 68. Interconnection Plan for Austurveita and Hveragerði [60] 

In the future Austurveita interconnection scenario (EFPZ+A), the mixing station is 

located along Sunnumörk behind the property at Dalsbrún 54 (GPS: 63°59'30.0"N 

21°10'40.6"W), shown in Figure 69. 

 

 

Figure 69. Location of the Austurveita and Hveragerði mixing station  
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3.10 Demand Modeling 

3.10.1 Demand Growth 

Hourly recorded values of hot water flow through the Bláskógar heat exchange station 

were pulled for 2013 – 2021. Figure 70 shows the daily average flow values plotted with 

linear trendlines through the annual 95th percentile, average, and 5th percentile flow values. 

The peak flow value in 2021 was approximately 54 l/s, and the forecasted peak flow value 

for 2027 is approximately 65 l/s. The forecasted flow values are based on the linear 

trendlines outlined above. 

 

These flow values are plotted as supplied thermal energy in Figure 71 using the 

volumetric demand to thermal energy demand conversion outlined in §3.10.2. The 

maximum supplied thermal energy in 2021 was approximately 9.8 MWth, and the forecasted 

thermal energy supply in 2027 is approximately 12 MWth. 

 

It is interesting to note the differences between population growth and supplied hot 

water over the recent history of Hveragerði. In 2013 the population was 2,291, and in 2021 

the population was 2,778, which is a 21.2% increase in population growth. Regarding 

supplied hot water through the Bláskógar station, the average flow in 2013 was 22.1 l/s, and 

the average flow in 2021 is 36.3 l/s, which is a 64.2% increase in supplied hot water over 

the same timeframe.  

 

 

 

Figure 70. Historical and forecasted flow through Bláskógar station  
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Figure 71. Historical and forecasted supplied energy from Bláskógar station  

3.10.2 Converting Volumetric Demand to Energy Demand 

 

The calculation method used for the conversion of demand from volumetric flow to 

heat energy usage is as follows: 

(3.20) 

 Where �̇� is the heat energy flow [kW or kJ/s], �̇� is the mass flow rate of the fluid 

[kg/s], c is the specific isobaric heat capacity of the fluid [kJ/(kg°C)], and ΔT is the 

temperature difference [K or °C]. 

 

The mass flow rate is a function of volumetric flow rate and density (which itself is a 

function of pressure and temperature). 

(3.21) 

Where �̇� is the volumetric flow rate [m3/h], ρ is the density [kg/m3], Patm is the standard 

atmospheric pressure of 1.01325 bar, and Tavg is the average of the supply and return 

temperature [°C]. The density is calculated from a steam table which in the case of this 

project is X Steam Tables by Magnus Holmgren using Excel macros and the IF-97 steam 

table. 

 

The specific isobaric heat capacity of the fluid is also a function of pressure and 

temperature and is calculated using a steam table.  

�̇� =  �̇�𝑐∆𝑇 

�̇� =  �̇�𝜌(𝑃𝑎𝑡𝑚, 𝑇𝑎𝑣𝑔) 
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(3.22) 

Where ΔT is the temperature difference between the supply and return temperature of 

the fluid. 

(3.23) 

Where Ts is the supply temperature [°C] and Tr is the return temperature [°C]. 

3.10.3 Estimating New Demand 

To estimate the future requirement for heat energy consumption, subsets of the 

existing meter information in the town of Hveragerði were isolated and categorized into 

detached homes and apartments in multi-block housing. For a detached home, a selection of 

195 meters yielded an average heat energy demand of 6.32 kW with a standard deviation of 

2.80 kW. A selection of 244 meters in apartments in multi-block housing yielded an average 

heat energy demand of 3.37 kW with a standard deviation of 1.52 kW. 

 

 

Figure 72. Future scenario – average power demand  

The average power demand at each point-of-delivery node in the future scenario is 

shown in Figure 72. The results size and color categories help give an overview of how the 

new demands compare to existing metered demands in the distribution system. 

𝑐 = 𝑐(𝑃𝑎𝑡𝑚, 𝑇𝑎𝑣𝑔) 

∆𝑇 = 𝑇𝑠 − 𝑇𝑟 
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3.11 Weather Modeling 

Weather data is crucial in understanding and modeling district systems, as ambient 

temperature and wind are the most significant factors affecting demand magnitude. 

Therefore, the closest weather facility operated by the Icelandic meteorological office 

(Veðurstofa Íslands) was identified as the Ingólfsfjall weather station (63°57'26.5"N 

21°03'47.9"W). 

 

A request was made for historical weather information, and the Icelandic 

meteorological office provided two years of hourly ambient temperature and wind speed 

data from January 1, 2020, to December 31, 2021. The Ingólfsfjall weather station is located 

7.6 km southeast of the town of Hveragerði, shown in Figure 73. 

 

 

Figure 73. Map of Ingólfsfjall weather station relative to Hveragerði [Google Maps] 

3.11.1 Outdoor temperature 

The raw data provided by the Icelandic meteorological office is shown in Figure 74, 

and a box plot of the monthly temperatures is shown in Figure 75. 
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Figure 74. Ambient temperature at Ingólfsfjall from 2020 to 2021   

 

 

Figure 75. Box plot of monthly temperatures at Ingólfsfjall   

Reviewing the data provided by the Icelandic meteorological office, it is seen that the 

winter temperatures typically range between -3 to 5 °C, with extremes down to -13 °C. The 

summer temperatures typically range between 7 to 14 °C, with extremes up to 22 °C.  
 

A comparative plot of the ambient temperature versus the historical recorded hot water 

flow through the Bláskógar heat station is shown in Figure 76. The relationship between 

ambient temperature of customer demand for hot water is clearly shown. For a slightly 

different view of this relationship, flow values were plotted directly with their corresponding 

ambient temperature in Figure 77. 
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Figure 76. Ambient temperature at Ingólfsfjall and hot water flow through Bláskógar 

station from 2020 to 2021   

 

Figure 77. Hot water flow through Bláskógar station vs. ambient temperature   

3.12 Simulation Validation 

The following section compares simulated results values to actual historical recorded 

values in the Hveragerði distribution system. It is essential to compare the two to determine 

how reliably the model replicates the actual operation of the distribution system installed in 

the field to validate a model. 
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3.12.1 Flow Into Distribution System 

The total hot water flow into the Bláskógar closed-loop distribution is measured by 

the SCADA tag H-HVG-BLA-RS232. The hourly logged values in the winter season 

between December 2021 and February 2022 show a maximum flow event on January 2, 

2022.  

 

On January 2, 2022, there was a maximum flow of 55.45 l/s, an average flow of 52.31 

l/s, and a minimum flow of 49.36 l/s. Figure 78 compares the simulated flow in the model 

versus actual hourly recorded values. 

 

 

Figure 78. Comparison of SCADA vs. Fluidit flow into Bláskógar on January 2, 2022 

The Fluidit Heat model of Hveragerði’s Bláskógar distribution system was calibrated 

to match the historical maximum flow value on January 2, 2022, as shown in Table 14. The 

global demand multiplier was calculated and iterated until the maximum flow in the model 

matched 55.5 l/s. The final global demand multiplier selected was 1.587 times the annual 

average customer demand values. 

Table 14. Metrics and percent error for Bláskógar flow validation 

Flow to Distribution System [l/s] 
 SCADA Fluidit Percent Error 

Maximum 55.5 55.5 0.041% 

Average 52.3 52.3 -0.071% 

Minimum 49.4 48.9 -0.898% 

3.12.2 Pressure Into Distribution System 

The gauge pressure of the supply direction piping at its origin in the Bláskógar station 

is measured by the SCADA tag H-HVG-BLA-ÞS212. The hourly logged value statistics in 
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the winter season between December 2021 and February 2022 are shown in Table 15. 

Table 15. Recorded pressure into the Bláskógar distribution system between December 

2021 – February 2022 

Gauge Pressure at Distribution System Inlet [bar] 

SCADA Tag Mean Min Max StdDev 90% 10% 

H-HVG-BLA-ÞS212 4.5 4.4 4.51 0 4.5 4.5 

 

Therefore, the pumps at the Bláskógar station in the base model are controlled to 

maintain 4.5 bar at the inlet to the supply side of the distribution system.  

3.12.3 Supply Temperature into Distribution System 

The temperature of the supply direction piping at its origin in the Bláskógar station is 

measured by the SCADA tag H-HVG-BLA-TS252. The hourly logged values in the winter 

season between December 2021 – February 2022 show the following statistics in Table 16. 

 

Table 16. Recorded supply temperature into the Bláskógar distribution system between 

December 2021 – February 2022 

Supply Temperature into Distribution System [°C] 

SCADA Tag Mean Min Max StdDev 90% 10% 

H-HVG-BLA-TS252 80.06 79.38 80.53 0.12 80.2 79.92 

 

Therefore, the heat exchangers at the Bláskógar station in the base model are 

controlled to maintain 80.06 °C at the inlet to the supply side of the distribution system.  

3.12.4 Return Temperature from Distribution System 

The temperature of the return side piping received at the Bláskógar station is measured 

by the SCADA tag H-HVG-BLA-TS313. The hourly logged values in the winter season 

between December 2021 – February 2022 show the following statistics in Table 17. 

 

Table 17. Recorded return temperature from Bláskógar distribution system between 

December 2021 – February 2022 

Return Temperature from Distribution System [°C] 

SCADA Tag Mean Min Max StdDev 90% 10% 

H-HVG-BLA-TS313 35.19 33.8 36.82 0.47 35.76 34.61 

 

Therefore, all 1,144 closed demands in the base model are controlled to return a 

temperature of 35.19 °C at each customer use node. The model’s simulated return 

temperature compared to the actual recorded return temperature is shown in Table 18. 
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Table 18. Comparison of recorded return temperature vs. simulated return temperature 

Return Temperature from Distribution System [°C] 

SCADA Tag Mean Min Max StdDev 90% 10% 

H-HVG-BLA-TS313 35.19 33.8 36.82 0.47 35.76 34.61 

Fluidit Model 35.43 35.42 35.46 0.01 35.45 35.42 

Percent Error 0.682% 4.79% -3.69% - -0.857% 2.34% 

3.12.5 Customer Demand and Inlet Temperature 

Of the 898 closed-loop metered demands in Hveragerði, 436 are of the type Kamstrup 

Multical 603, which provides cumulative and instantaneous demand data from proximity 

antenna readings. A summary of the number of meters read and percent of total is shown in 

Table 19. 

Table 19. Completion rate of each smart meter data collection trip 

Date Meters Read Percent of Total (436) 

Wednesday, October 6, 2021 426 97.7% 

Wednesday, December 1, 2021 362 83.0% 

Thursday, January 13, 2022 347 79.6% 

Thursday, January 20, 2022 422 96.8% 

 

Most meter collection trips were 4 hours of driving door to door through the town of 

Hveragerði. The car-based meter reading antenna worked typically within a range of 50 

meters and is known to be impacted by the weather. Some trips were more successful than 

others, with percent completion ranging between 80 and 98%. 

 

Python scripts were used to interpret and analyze the raw data from the meter reading 

runs. A summary of critical values is presented in Table 20, which shows the average and 

standard deviation of energy and volumetric usage for meters between the start and end time 

indicated and the average inlet water temperature. 

Table 20. Smart meter data statistics 

From To Count 

Average 

Heat 

Energy 

Usage 

[kW] 

SD of 

Heat 

Energy 

Usage 

[kW] 

Average 

Volume 

Usage 

[m3/h] 

SD of 

Average 

Volume 

Usage 

[m3/h] 

Average Inlet 

Temperature 

[°C] 

SD of Inlet 

Temperature 

[°C] 

October 6, 2021 December 1, 2021 358 6.95 5.75 0.138 0.131 75.71 3.87 

December 1, 2021 January 13, 2022 240 7.78 6.51 0.147 0.130 75.50 3.93 

January 13, 2022 January 20, 2022 337 8.39 9.2 0.161 0.177 74.97 4.22 

 

The meter outlet temperature probe is known not to be reliably connected to the return 

pipe but instead hanging in the ambient air of the utility cabinet of the connection point. 

Therefore, the results of the return temperature were not dependable as there was no 

information on whether it was wired correctly. Therefore, it is a recommendation for future 

intelligent metering projects to indicate whether the return temperature probe is wired 

correctly (preferred) or not due to unique difficulties in the metering cabinet. 
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Table 21 compares the customer demand and smart meter data results. The first 3 rows 

show the smart meter statistics from the data collection site visits. The fourth and fifth row 

show the annual average customer demand values from the smart meter data and Fluidit 

model, respectively. Older smart meter collection trips were used to determine the annual 

average utilization. Finally, the last row shows the demand in the Fluidit model after the 

global multiplier of 1.587 was applied to the annual average demand values. 

Table 21. Comparison of customer demand data from smart meter runs, recorded billing 

data, and model simulation 

From To Count 

Average 

Heat 

Energy 

Usage 

[kW] 

SD of 

Heat 

Energy 

Usage 

[kW] 

Average 

Volume 

Usage 

[m3/h] 

SD of 

Average 

Volume 

Usage 

[m3/h] 

Average 

Inlet 

Temperature 

[°C] 

SD of Inlet 

Temperature 

[°C] 

October 6, 2021 December 1, 2021 358 6.95 5.75 0.138 0.131 75.71 3.87 

December 1, 2021 January 13, 2022 240 7.78 6.51 0.147 0.130 75.50 3.93 

January 13, 2022 January 20, 2022 337 8.39 9.21 0.161 0.177 74.97 4.22 

Kamstrup (Annual Average) 173 6.14 4.22 0.119 0.089 72.11 5.80 

Fluidit Model (Annual Average) 898 6.19 8.45 0.122 0.166 - - 

Fluidit Model (January 2 - January 5, 2022) 898 9.82 13.4 0.193 0.264 77.48 3.00 
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Chapter 4 

4Results 

4.1 Fluidit Heat Thermohydraulic Simulation Results 

4.1.1 Overall Flow and Energy Demand 

In the base scenario, the average flow from the Bláskógar heat exchange station is 52.3 

l/s. This flow rate corresponds to a supplied thermal power of 9.56 MWth with a forward 

temperature of 79.9 °C and a return temperature of 35.5 °C. Therefore, there are 1,144 closed 

demands with a combined annual average energy usage of 5.53 MWth. The combined peak 

winter energy usage is 8.78 MWth after applying the global demand multiplier of 1.587. 

 

In the future scenario, the average flow from the Bláskógar station is 71.5 l/s. This 

flow corresponds to a supplied power of 13.1 MWth with a forward temperature of 79.9 °C 

and a return temperature of 35.5 °C. There are 1,528 closed demands with a combined annual 

average energy usage of 7.76 MWth. The combined peak winter energy usage is 12.3 MWth 

after applying the global demand multiplier of 1.587. A summary of these figures is shown 

in Table 22. Figure 79 shows the forecasted hot water supply from Bláskógar and where the 

future scenario lands on the forecast. 

Table 22. District heating total flows, supplied energy, and customer demands scenario 

comparison 

Parameter [Unit] Base Scenario Future Scenario Percent Change 

Bláskógar Supplied Flow [l/s] 52.3 71.5 36.7% 

Bláskógar Supplied Energy [MW] 9.56 13.1 37.0% 

Number of Meters/Demands 1144 1528 33.6% 

Peak Winter Energy Demand Sum [MW] 8.78 12.3 40.1% 

Thermal Energy Losses [MW] 0.78 0.80 2.56% 

Relative Thermal Energy Losses [%] 8.2% 6.1% -25.2% 
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Figure 79. Plotted future demand on forecasted hot water flow through Bláskógar  

Based on the most recent SCADA data from the Bláskógar heat station, the average 

return temperature during peak winter is 35.5 °C. If the customer is educated and 

incentivized to lower their return temperature to 30 °C, the model simulates a 10.6% 

reduction in required water flow from the Bláskógar heat station, as shown in Table 23 and 

Figure 80. Lowering return temperature benefits the customer as the customer is billed 

assuming an energy utilization down to 30 °C based on regulation, so any heat energy they 

return above 30 °C is an additional cost to them. In addition, lowering return temperature 

benefits Veitur by extending the lifespan (capacity) of the station’s pumps and heat 

exchangers and the capacity of our pipes in the district heating system. 

 

Table 23. Effect of customer return temperature on required flow through Bláskógar 

Parameter [Unit] Future (35.5 °C Return) Future (30 °C Return) Percent Change 

Bláskógar Supplied Flow [l/s] 71.5 63.9 -10.6% 

 



130  CHAPTER 4: RESULTS 

   

 

Figure 80. Plotted future demand at different return temperatures on the Bláskógar flow 

forecast 

4.1.2 Volumetric Flow 

The volumetric flow [l/s] result can help visualize the flow direction and magnitude 

of water in the district heating system. Figure 81 through Figure 84 show the volumetric 

flow for the base and FPZ scenarios. In Figure 81 and Figure 82, a filter of  ≥ 2 l/s is applied 

to show the flow through the primary distribution pipes in the district heating system. Figure 

83 and Figure 84 show the flow in all pipes in the system with directional arrows removed 

for ease of view. Table 24 summarizes volumetric flow results for all pipes in the base 

scenario grouped by percentile. 

Table 24. Base scenario – average flow results for all Bláskógar supply pipes 

Percentile Sup. Abs. Flow (avg) [l/s] Percentile Sup. Abs. Flow (avg) [l/s] 

10% 0.012 70% 0.203 

20% 0.027 80% 0.404 

30% 0.041 90% 0.939 

40% 0.054 95% 2.15 

50% 0.073 98% 8.84 

60% 0.111     
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Figure 81. Base scenario – Average volumetric flow ≥ 2 l/s 

 

Figure 82. Future pressure zones scenario – Average volumetric flow ≥ 2 l/s  



132  CHAPTER 4: RESULTS 

   

 

Figure 83. Base scenario – Average volumetric flow in all pipes  

 

Figure 84. FPZ scenario – Average volumetric flow in all pipes  
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4.1.3 Supply Pressure 

The minimum supply pressure [bar] results for the base, future, FPZ, EFPZ, and 

EFPZ+D scenarios are shown in Figure 85 through Figure 89.  

 

In the base scenario, 56 nodes below 3 bar fail Veitur design guidelines of “the forward 

pressure at the inlet point should not be lower than 3.0 bar and not higher than 7.0 bar”. 

These are at the farthest extents of the network and the highest elevations in the system. 

Therefore, it is evident that the elevation spread for customers in the Bláskógar system today 

is too great for a single pressure zone. 

 

In the future scenario, there are 27 nodes below 1 bar, 88 nodes between 1 – 2 bar, 368 

nodes between 2 – 3 bar, and 35 nodes more significant than 7 bar. Five hundred eighteen 

nodes thus fail Veitur design guidelines. As the beginning signs of pressure zone capacity 

are seen in the base scenario, the situation is exacerbated in the future scenario when new 

construction is expanded in the town's highest and lowest elevation areas. This future system 

will not function as a closed-loop supply and return network with a single pressure zone. 

Additional pressure zones are needed to service the high and low elevation users. 

 

In the FPZ scenario, 18 nodes between 2 – 3 bar fail guideline. This result is similar 

to the base scenario. 

 

In the EFPZ scenario, all nodes are within Veitur design guidelines; there are no 

failures. In the EFPZ+D scenario, all nodes are still within guidelines, but there is an 

interesting observation in how the supply pressures change. When comparing to the EFPZ 

scenario, there are 111 more nodes in the 3 – 4 bar range and complete removal of the 75 

nodes in the 6-7 bar range. This change shows that the diameter modifications in EFPZ+D 

optimize the system further and reduce the pumps' load, effectively removing the need to 

over-pressurize due to flow bottlenecks. 
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Figure 85. Base scenario - minimum supply pressure  

 

Figure 86. Future scenario - minimum supply pressure  
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Figure 87. FPZ scenario – minimum supply pressure  

 

Figure 88. EFPZ scenario – minimum supply pressure  
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Figure 89. EFPZ+D scenario - minimum supply pressure  

4.1.4 Return Pressure 

The minimum pressure [bar] results for the return side of the distribution system are 

shown in Figure 90 through Figure 94. Results are shown for the base, future, FPZ, EFPZ, 

and EFPZ+D scenarios. 

 

In the base scenario, 4 nodes are below 1 bar, 78 nodes are between 4 – 5 bar, 18 nodes 

are greater than 5 bar. One hundred nodes fail to meet Veitur design guidelines of 

“backpressure in a dual distribution system shall be in the range of 1.0 to 4.0 bar at the inlet 

point”. The failures are located at the northern extents of the network at high elevation and 

the southeastern extents at the lowest elevation. 

 

In the future scenario, 88 nodes are between 0 – 1 bar, 345 nodes are between 4 – 5 

bar, and 100 nodes are between 5 – 6 bar. In total, 533 nodes fail to meet Veitur guidelines. 

The problematic areas continue to be at the furthest extents of the distribution system with 

the highest and lowest elevation. As the town expands construction in the highest and lowest 

elevations in the future, the single pressure zone system will not function properly with 

inadequate return pressures. Too low will lead to negative return pressures and air blocks 

forming in household radiators. Too high will require correspondingly high supply pressure 

outside of equipment specifications.  

 

In the FPZ scenario, 9 nodes are between 0 – 1 bar, and 62 nodes are between 4 – 5 

bar. In total, 71 nodes fail to meet guidelines. This result is similar to the base scenario. 
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In the EFPZ scenario, 95 nodes are between 4 – 5 bar, outside of guidelines. While 

there are still failures, the problem of too low pressure has been eliminated, and the problem 

of air pockets in radiators. A return pressure of 4 – 5 bar and a differential pressure of 2 bar 

would require a supply pressure of 6 – 7 bar, which is within guidelines for supply pressure. 

 

In the EFPZ+D scenario, only one node between 4 – 5 bars fails the design guideline. 

Therefore, additional diameter optimization on top of the same controls scheme of EFPZ 

will lead to a better-performing network.  

 

 

 

Figure 90. Base scenario – minimum return pressure  
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Figure 91. Future scenario – minimum return pressure  

 

Figure 92. FPZ scenario – minimum return pressure  
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Figure 93. EFPZ scenario – minimum return pressure  

 

Figure 94. EFPZ+D scenario – minimum return pressure  
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4.1.5 Pressure Difference 

The minimum pressure difference [bar] between the supply and return sides are shown 

in Figure 95 to Figure 99. Results are shown for the base, future, FPZ, EFPZ, and EFPZ+D 

scenarios. 

 

In the base scenario, 6 nodes are between 0 – 0.5 bar, 121 nodes are between 0.5 – 1 

bar, and 572 nodes are between 1 – 1.5 bar. 699 nodes, or 72% of all nodes, fail to meet 

Veitur design guidelines, "the differential pressure in the dual distribution system shall never 

be less than 1.5 bar”. It is alarming that most of the Bláskógar closed-loop distribution 

system fails to meet design guidelines regarding differential pressure. This poor performance 

is likely due to the old philosophy of pump control at the Bláskógar station and the 

significant elevation difference among users. 

 

In the future scenario, 184 nodes are between 0 – 0.5 bar, 159 nodes are between 0.5 

– 1 bar, and 361 nodes are between 1 – 1.5 bar. 704 nodes or 64% of the system fail to meet 

design guidelines. Most problems are in the high elevation settlements on the west side of 

town, in the mid-elevation south-central part of town, and the low elevation southeast part 

of town. These results show that pressure zones are needed and, more importantly, optimal 

controls settings for all pump stations for the ideal performance of the Bláskógar distribution 

system. 

 

In the FPZ scenario, 34 nodes are between 0 – 0.5 bar, 159 nodes are between 0.5 – 1 

bar, and 266 nodes are between 1 – 1.5 bar. 459 nodes or 39% of the network fail to meet 

design guidelines. This result shows how implementing new pressure zones is not enough 

for the optimal performance of differential pressure. A new control theory needs to be 

implemented at the Bláskógar heat exchange station to improve performance in the central 

intermediate pressure zone. 

 

In the EFPZ scenario, there is only one node below the guideline of 1.5 bar. 

Effectively, the entire Bláskógar closed-loop district heating system passes and is operating 

within differential pressure guidelines. Compared to the FPZ scenario, a critical 

improvement made in the EFPZ scenario was controlling the Bláskógar station pumps to 

maintain a pressure difference of 2 bar at the inlet to the HP west booster station. 

 

In the EFPZ+D scenario, the overall picture is the same as EFPZ, with effectively the 

entire network within proper design guidelines. The one notable difference is that most 

nodes drop into lower pressure categories. For example, a 100% reduction in nodes above 

2.5 bar, a 16% reduction in nodes between 2 – 2.5 bar, and a 30% increase in nodes between 

1.5 – 2 bar. This result shows that optimal improvements to the diameter allow the system 

to run closer to minimum guidelines, which is the most ideal and least costly way to operate 

the distribution system in terms of pumping cost. 
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Figure 95. Base scenario – minimum pressure difference  

 

Figure 96. Future scenario – minimum pressure difference  
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Figure 97. FPZ scenario – minimum pressure difference  

 

Figure 98. EFPZ scenario – minimum pressure difference  



4.1 FLUIDIT HEAT THERMOHYDRAULIC SIMULATION RESULTS

  143  

  

 

Figure 99. EFPZ+D scenario – minimum pressure difference  

4.1.6 Head loss per unit length 

The head loss per unit length or unit head loss [bar/km] result shows the pressure drop 

within the pipes between junctions on a comparative per unit length basis. Veitur design 

guidelines state: “The pressure drop in the mains should not be more than 5 mmWC/m 

(0.490 bar/km). The pressure drop in the distribution system pipes should not be more than 

10 to 15 mmWC/m (0.981 to 1.47 bar/km).” 

 

Unit head loss is an essential result metric to determine bottlenecks in the distribution 

system. Pipes that are undersized and produce a high head loss effects customers 

downstream. These results were used to target high priority diameter modifications in the 

EFPZ scenario and medium priority diameter modifications in the EFPZ+D scenario. 

 

Table 25 shows the percentile results for maximum unit head loss in the base scenario. 

Approximately 83% of pipes pass the design requirement for mainline pipes, and 

approximately 95% pass the design requirement for distribution system pipes. This figure is 

a bit deceiving as some pipes are far more critical than others for the network's health. 

Therefore, various filters were applied to isolate mainline pipes and remove final home 

connection pipes to study the most relevant bottlenecks. 
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Table 25. Base scenario – maximum unit head loss results for all Bláskógar closed-loop 

supply pipes. 

  Sup. Unit Head loss (max)    Sup. Unit Head loss (max)  

Percentile [bar/km] [mmWC/m] Percentile [bar/km] [mmWC/m] 

10% 0.005 0.047 70% 0.294 2.998 

20% 0.022 0.226 80% 0.413 4.21 

30% 0.054 0.554 90% 0.709 7.225 

40% 0.099 1.011 95% 1.084 11.06 

50% 0.15 1.526 98% 1.665 16.98 

60% 0.206 2.097       

 

 

Figure 100. Base scenario – maximum unit head loss  
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Figure 101. Future scenario – maximum unit head loss  

 

Figure 102. FPZ scenario – maximum unit head loss  
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Figure 103. EFPZ scenario – maximum unit head loss  

 

Figure 104. EFPZ+D scenario – maximum unit head loss  
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4.1.7 Velocity 

Maximum velocity results [m/s] are shown in Figure 105 to Figure 109. Results are 

shown for the base, future, FPZ, EFPZ, and EFPZ+D scenarios. Veitur has no specific design 

guidelines for maximum velocity, but the consensus from other published guidelines related 

to diameters in Hveragerði is: “Velocity for home connection pipelines and street-level 

pipelines should not exceed 1 m/s. For much of the neighborhood-level pipelines, the 

maximum velocity should not exceed 1.5 m/s. For the largest diameter main distribution 

pipelines, the maximum velocity should not exceed 2.5 m/s. In all cases, minimum velocity 

should be greater than 0.5 m/s for reducing heat loss and avoiding oversizing.” 

 

As with maximum unit head loss, the maximum velocity results were used to identify 

bottlenecks in the distribution system and recommended high priority diameter 

modifications in the EFPZ scenario and medium priority diameter modifications in the 

EFPZ+D scenario. Table 26 shows the percentile results spread in the base scenario. Nearly 

all pipes were within guidelines, with a small number of easily identifiable pipes greater 

than 1 m/s. 

Table 26. Base scenario – maximum velocity for Bláskógar closed-loop supply pipes 

Percentile Sup. Velocity (max) [m/s] Percentile Sup. Velocity (max) [m/s] 

10% 0.03 70% 0.229 

20% 0.063 80% 0.297 

30% 0.096 90% 0.419 

40% 0.123 95% 0.557 

50% 0.15 98% 0.736 

60% 0.183     
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Figure 105. Base scenario – maximum velocity  

 

Figure 106. Future scenario – maximum velocity  
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Figure 107. FPZ scenario – maximum velocity  

 

Figure 108. EFPZ scenario – maximum velocity  
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Figure 109. EFPZ+D scenario – maximum velocity  

4.1.8 Supply Temperature 

The minimum supply temperature [°C] results are shown in Figure 110 to Figure 114. 

Results are shown for the base, future, FPZ, EFPZ, and EFPZ+D scenarios. A filter was 

applied to only show results at nodes with a customer demand attached. Nodes at the end of 

pipes without demand had stagnant flow and low temperatures. Veitur design guidelines 

state: “The water temperature out of the pumping stations shall be 80 °C (+ 2 °C and -5 °C). 

The hot water supply temperature to the house shall not fall below 50 °C.” 

 

All scenarios modeled were within design guidelines. For example, the lowest supply 

temperatures were naturally at the farthest extents of the network or at the end of home 

connection pipes with a low demand value assigned, leading to low flow velocities and high 

heat loss. 
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Figure 110. Base scenario – minimum supply temperature  

 

Figure 111. Future scenario – minimum supply temperature  
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Figure 112. FPZ scenario – minimum supply temperature  

 

Figure 113. EFPZ scenario – minimum supply temperature  
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Figure 114. EFPZ+D scenario – minimum supply temperature  

4.1.9 Heat loss 

Heat loss [kW] results are shown in Figure 115 to Figure 120. Results are shown for 

the base, future, FPZ, EFPZ, and EFPZ+D scenarios. The heat loss results were not used 

heavily in the children scenarios' design for a few reasons. First, Fluidit Heat did not offer a 

comparative per unit length result by default. However, it is worth noting that the user could 

customize and create this result by dividing heat loss into pipe length. Nonetheless, there 

were no commonly found design guidelines for this metric and evaluating supply 

temperature and flow velocity was an alternative way to identify deficient areas of high heat 

loss. If there is an unacceptably low supply temperature or too high heat loss, one fix would 

be to reduce the piping diameter to increase flow velocity. 

 



154  CHAPTER 4: RESULTS 

   

 

Figure 115. Base scenario – maximum supply heat loss  

 

Figure 116. Future scenario – maximum supply heat loss  
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Figure 117. Future scenario – maximum supply heat loss  

 

Figure 118. FPZ scenario – maximum supply heat loss  
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Figure 119. EFPZ scenario – maximum supply heat loss  

 

Figure 120. FPZ+D scenario – maximum supply heat loss  
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4.1.10 Pump Overview 

While the pump analysis tool was not shown for all scenarios for the sake of space 

(Appendix E), critical operating points for the Bláskógar station pumps for all scenarios are 

shown in Table 27. Furthermore, critical operating points for all of the newly designed pump 

stations in all children scenarios are shown in Table 28 to Table 33.  

Table 27. Simulated pump working points at Bláskógar station by scenario 

Bláskógar Heat Exchange Station Pumps 

Scenario Controls Setting 
Volumetric Flow [l/s] Generated Pump Head [mWC] Electric Power [kW] 

Min Avg Max Min Avg Max Avg 

Base 4.5 bar @ Supply Side Origin 47.9 51.2 54.4 21.7 21.7 21.7 15.0 

FPZ (4.5) 4.5 bar @ Supply Side Origin 65.4 70.2 74.6 21.7 21.8 21.8 21.8 

FPZ (5.5) 5.5 bar @ Supply Side Origin 65.7 70.4 74.8 31.9 32.0 32.0 38.8 

EFPZ 2 bar ΔP @ HPZW Pump Station Inlet 65.9 70.7 75.3 27.8 28.9 30.0 31.3 

EFPZ+D 2 bar ΔP @ HPZW Pump Station Inlet 65.9 70.7 75.2 24.1 24.6 25.1 24.3 

Table 28. Simulated pump working points at the HP West booster station by scenario 

High Pressure Zone West Pump Station 

Scenario Controls Setting 
Volumetric Flow [l/s] Generated Pump Head [mWC] Electric Power [kW] 

Min Avg Max Min Avg Max Avg 

FPZ (4.5) 2 bar ΔP @ HPZW Pump Station Outlet 11.9 12.8 13.6 28.4 30.6 32.6 6.62 

FPZ (5.5) 2 bar ΔP @ HPZW Pump Station Outlet 11.9 12.8 13.6 18.3 20.4 22.5 4.42 

EFPZ 2 bar ΔP @ HPZW Pump Station Outlet 11.9 12.8 13.6 15.2 15.3 15.4 3.30 

EFPZ+D 2 bar ΔP @ HPZW Pump Station Outlet 11.9 12.8 13.6 15.1 15.3 15.4 3.30 

Table 29. Simulated pump working points at the HP North booster station by scenario 

High Pressure Zone North Pump Station 

Scenario Controls Setting 
Volumetric Flow [l/s] 

Generated Pump Head 
[mWC] 

Electric Power 
[kW] 

Min Avg Max Min Avg Max Avg 

FPZ (4.5) 2 bar ΔP @ HPZN Pump Station Outlet 0.868 0.931 0.991 14.6 14.9 15.1 0.233 

FPZ (5.5) 2 bar ΔP @ HPZN Pump Station Outlet 0.868 0.931 0.991 4.44 4.65 4.86 0.073 

EFPZ 2 bar ΔP @ HPZN Pump Station Outlet 3.7 3.97 4.22 7.04 7.6 8.6 0.518 

EFPZ+D 2 bar ΔP @ HPZN Pump Station Outlet 3.7 3.97 4.22 10.6 10.8 11.2 0.724 

 

Table 30. Simulated pump working points at the LP booster station by scenario 

Low Pressure Zone Pump Station 

Scenario Controls Setting 
Volumetric Flow [l/s] Generated Pump Head [mWC] Electric Power [kW] 

Min Avg Max Min Avg Max Avg 

FPZ (4.5) 2 bar ΔP @ New Veitur Office 18.2 19.4 20.6 20 20.9 21.6 7.00 

FPZ (5.5) 2 bar ΔP @ Veitur Office 18.2 19.4 20.6 9.82 10.7 11.4 3.58 

EFPZ 2 bar ΔP @ New Veitur Office 18.2 19.5 20.8 13.4 13.7 14.1 4.60 

EFPZ+D 2 bar ΔP @ New Veitur Office 18.2 19.5 20.8 16.5 16.8 17.1 5.66 

 

 



158  CHAPTER 4: RESULTS 

   

Table 31 shows the total sum of electric power required to operate all pumps within 

each scenario. “FPZ Bláskógar 5.5 bar” is a special scenario used only in the pump overview. 

This scenario is shown because it was impossible to compare the main FPZ scenario 

(Bláskógar 4.5 bar) to the EFPZ scenario on equal terms due to the vastly different results 

in differential pressure. Therefore, “FPZ Bláskógar 5.5 bar” offers more comparable 

differential results to EFPZ and serves as a better comparison. 

Table 31. Total electric power for all pumps by scenario 

Total Pump Electric Power All Scenarios 

Scenario Electric Power [kW] 

Base 15.0 

FPZ Bláskógar 4.5 bar 35.7 

FPZ Bláskógar 5.5 bar 46.9 

EFPZ 39.7 

EFPZ+D 34.0 

 

It is interesting to note how the configuration of the enhanced control for Bláskógar in 

the EFPZ scenario reduce electric power cost from the “FPZ Bláskógar 5.5 bar” scenario. 

Furthermore, the added diameter modifications in the EFPZ+D scenario result in the lowest 

electric pump cost of all future scenarios. 

4.1.11 Profile view 

Profile views allow the modeler to investigate the head loss in a specific flow path 

from point to point. The flow path can be determined automatically by the most hydraulically 

optimal, shortest piping length or by user definition. 

 

For example, the profile view of the hydraulically optimal flow path from the 

Bláskógar heat station to Frumskógar 9 was selected to investigate the poor supply pressure 

results from the model simulation. In Figure 121, the head loss from point “A” to “G” with 

the maximum and minimum head loss in dashed red and the elevation defined by junctions 

in black. The profile identifies that the most significant head loss relative to length occurs 

between points “E” and “F”. 
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Figure 121. Profile view of head loss from Bláskógar station to Frumskógar 9 – base 

scenario, head loss from point “A” to “G” with the maximum and minimum head 

loss in dashed red and the elevation defined by junctions in black 

 

The high headloss between “E” and “F” is due to the diameter of this DN20 pipe. The 

simulation results indicate that this pipe segment supplies a maximum of 0.605 l/s of hot 

water with a maximum velocity of 1.592 m/s and a maximum unit head loss of 20.8 bar/km 

(212 mmWC/m). In comparison, the DN40 pipe upstream of this link has a maximum 

velocity of 0.853 m/s and a maximum unit head loss of 2.62 bar/km (26.8 mmWC/m). 

Therefore, the pipe's velocity and head loss results between “E” and “F” exceed Veitur 

design requirements and indicate that the pipe is undersized to meet demand. Therefore, it 

is recommended to replace this pipe segment with DN40. 

4.2 Austurveita Interconnection Results 

The mixing station will require 15 l/s of water from Austurveita at 3.73 bar (the 

average pressure of the Hveragerði return network at this location). After mixing the 

Austurveita water with the Hveragerði return water, the station will have to provide 15 l/s 

of water into the Hveragerði supply side at a pressure of 5.82 bar (the average pressure of 
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the Hveragerði supply network at this location). Therefore, the pump will have to generate 

a pressure head of 2.09 bar and supply a flow rate of 25 l/s (considering the 10 l/s going to 

the Heiðarbrún area in the southeast corner of Hveragerði that Austurveita has always 

supplied. There were minor changes in pump operation for the HP West and HP North 

booster station. 

Table 32. Simulated pump working points at Bláskógar station – Austurveita 

interconnection comparison 

Bláskógar Heat Exchange Station Pumps 

Scenario Controls Setting 
Volumetric Flow [l/s] Generated Pump Head [mWC] Electric Power [kW] 

Min Avg Max Min Avg Max Avg 

Base 4.5 bar @ Supply Side Origin 47.9 51.2 54.4 21.7 21.7 21.7 15.0 

EFPZ 2 bar ΔP @ HPZW Pump Station Inlet 65.9 70.7 75.3 27.8 28.9 30.0 31.3 

EFPZ+A 2 bar ΔP @ HPZW Pump Station Inlet 51.1 55.9 60.5 27.1 28.1 29.2 21.6 

Percent Difference EFPZ+A vs. EFPZ -22.5% -20.9% -19.7% -2.5% -2.8% -2.7% -31.0% 

 

Table 33. Simulated pump working points at LP Booster station – Austurveita 

interconnection comparison 

Low-Pressure Zone Pump Station 

Scenario Controls Setting 
Volumetric Flow [l/s] Generated Pump Head [mWC] Electric Power [kW] 

Min Avg Max Min Avg Max Avg 

EFPZ 2 bar ΔP @ New Veitur Office 18.2 19.5 20.8 13.4 13.7 14.1 4.60 

EFPZ+A 2 bar ΔP @ New Veitur Office 8.11 9.41 10.7 6.92 7.35 6.92 1.19 

Percent Difference EFPZ+A vs. EFPZ -55.4% -51.7% -48.6% -48.4% -46.4% -50.9% -74.1% 

 

 

Benefits of this interconnection are improvements in hydraulic and thermal 

performance in the southeastern extents of the current distribution system, including the 

Vorsabær industrial area and Hólmabrún neighborhood, acting as a new heat plant. 

Additionally, it allows for significant expansion in the Vorsabær industrial area without 

other changes in the system. 

4.3 Recommended Diameter Modifications 

This section contains a list of high priority diameter modifications based on the results 

of the scenario simulations with particular attention to maximum unit head loss, maximum 

velocity, and head loss profile views. These modifications were applied in the EFPZ 

scenario. 

4.3.1 Finnmörk Mainline to Kambaland  

It is recommended to replace the DN150 and DN125 piping starting at the intersection 

of Þelamörk/Finnmörk and ending at the triple junction in the walking trails behind 

Lyngheiði 24. The optimal size for future demand is DN250. Maximum unit head loss is 

reduced from 1.48 to 0.082 bar/km, and maximum velocity is reduced from 1.4 to 0.509 m/s. 



4.3 RECOMMENDED DIAMETER MODIFICATIONS

  161  

  

 

 

Figure 122. Recommended diameter modification on Finnmörk mainline to Kambaland  

 

 

Figure 123. FPZ Scenario – maximum unit head loss on Finnmörk mainline to Kambaland  
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Figure 124. FPZ Scenario – maximum velocity on Finnmörk mainline to Kambaland  

4.3.2 Intersection of Þelamörk and Finnmörk 

It is recommended to replace the DN150 piping connecting the Þelamörk piping to the 

Finnmörk piping. Currently, there is a DN250 (543 cm2) which reduces to a DN150 (202 

cm2) before feeding three pipes with a combined cross-sectional area of 294 cm2. As the tee 

at this intersection is already DN250, the DN150 highlighted below should be replaced with 

DN250 as well. 

 

 

Figure 125. Pipes at the intersection of Þelamörk and Finnmörk [LUKSjá] 

 

In the base scenario, this DN150 pipe has a maximum velocity of 0.98 m/s and a 

maximum unit head loss of 0.629 bar/km (6.41 mmWC/m) compared to 0.363 m/s and 0.049 

bar/km (0.5 mmWC/m) for the DN250 upstream of it. 
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Chapter 5 

5Discussion 

5.1 Improvements for a Sustainable Future 

5.1.1 Design of New Pressure Zones 

It is well known today that the Bláskógar closed-loop distribution system in 

Hveragerði is stretched to its limits on what elevations it can supply. The Veitur operations 

team is aware that today's customers in the highest elevation extents of the network are 

experiencing low supply pressure, negative return pressures, and air accumulation in the 

radiators blocking the flow. This blocked flow results in the customers having to flush their 

radiators to restart heating or completely disconnect from the return side of the system and 

discharge their return water into the drain or environment. 

 

Simulations of the future scenario confirm that the Bláskógar system will not be able 

to support the new construction planned in the upper and lower settlements without 

significant improvements to its design and operation. The Fluidit simulation engine results 

were used to design the most effective integration of new pressure zones in the Bláskógar 

system. The conclusion is to recommend four pressure zones over the single pressure zone 

in use today. 

 

Various locations and control settings of the new pressure zone booster stations were 

trialed and iterated until an optimum system performance was seen. It is hoped that the 

detailed design of these new pressure zones serves as valuable input to the project planners 

as they move forward with modifications to Hveragerði’s district heating system. 

5.1.2 Optimal Control 

The current control theory used in Hveragerði’s district heating systems today is of 

old design and not optimal for the network's performance or operational cost. For example, 

the current control logic at the Bláskógar heating station is for the pumps to maintain a 

pressure of 4.5 bar on the supply side at the outlet of the heating station. 

 

There are two deficiencies in this approach. First, it is optimal in a dual distribution 

system to maintain a set differential pressure value between the supply and return side rather 

than simply a supply-side pressure value. This control allows the pumps to react in real-time 

to the demand in the network based on the relationship between supply water and return 
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water. It will allow the pump to provide just enough supply pressure needed for real-time 

demand rather than a fixed set point in supply pressure. 

 

Secondly, the pressure monitoring point for pump control should ideally be at the 

farthest extent of the network that is most prone to poor performance rather than immediately 

located at the pumping station itself. However, it is known that there are certain limitations 

to where the pressure monitoring point can be located, in that there must be guaranteed 

access to the pressure meters by utility employees and a reliable PLC connection point for 

integration into the SCADA system. This requirement preferably means a building or utility 

structure owned by the utility company and has a reliable electricity and internet connection.  

 

With both points in mind, this project recommends new pressure monitoring points 

and control logic for both the new booster stations and the existing Bláskógar heat exchange 

station. These recommendations improve the old theory and offer the best distribution 

system performance with the lowest operational costs while balancing the need for reliable 

and secure data streams for control systems. 

5.1.3 Improving Capacity 

Another problem in today's distribution system is that the pumps in Bláskógar are at 

their capacity and operating within their redundancy design. While this is known and a 

planned project for new pumps is ongoing, the results of this analysis can be used to help 

select and size future pumps. 

 

In addition, this paper demonstrates the effect of optimal control, diameter 

optimization, and improved customer usage on the required volumetric flow and generated 

pressure head of all pumps in the system. For example, new control logic, pinpointing and 

replacing pipe bottlenecks, and encouraging the customer to lower their return water 

temperature can significantly reduce pumping equipment's flow, pressure, and electricity 

cost. This practice benefits the customer, as they are billed to a set return temperature, and 

benefits the utility company in extending pump lifespan and lowering operational cost. It 

also reduces the degradation of components in the system, including pipes, heat exchangers, 

valves, and customer connection points. 

5.1.4 Diameter Optimization 

The Fluidit simulation results give detailed insight into the performance of every pipe 

in the network. By evaluating key results, such as head loss per unit length and flow velocity, 

one can identify bottlenecks in the distribution system. This insight is beneficial when 

prioritizing investments to replace and upgrade old pipes in the district heating system. Well-

placed diameter modifications can significantly improve downstream customers' pressure 

and temperature performance and relieve the load on the system and pumps upstream. 

 

An important note is how valuable thermohydraulic simulation is in supporting the 

design of district heating systems. Whether it is the design of a completely new system or 

the addition of pipes to an existing system, the model results can show precisely the diameter 

of new piping chosen for a particular application. 
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5.1.5 Pressure Optimization 

In addition to the methods outlined above in diameter optimization, the Fluidit 

simulation results for supply pressure, return pressure, and differential pressure can optimize 

pipe size further and determine optimal control logic for pumps and valves in the system. 

 

It is optimal to run the system near its lower limits in next-generation district heating 

systems while staying within guidelines. For example, if supply pressure is allowed to be in 

the range of 3 – 7 bar, the system should be operated to maintain supply pressure just above 

3 bar. Likewise, the return side allowable range in 1 – 4 bar would be to operate with return 

pressures just above 1 bar. Lastly, for a differential pressure minimum requirement of 1.5 

bar, aim for differential pressures slightly above 1.5 bar. 

 

The hydraulic modeling platform allows for rapid iterations of endless control 

configurations, control points, and settings values. By evaluating the results for each 

configuration, a modeler can quickly choose the ideal operating design for a particular 

application. 

 

Overall, optimizing the system to run just above its design limits reduces the cost of 

the operation for the utility company in terms of electric power for pumps, extended useful 

lifespan of components, and minimizing wear and tear and equipment. In addition, the 

resource is being used most sustainably by using the minimal thermal and hydraulic energy 

required to satisfy the customer’s hot water demand. This sustainability translates to 

minimizing the amount of geothermal fluid extracted from the reservoir, reducing the 

electric burden on power generation, and minimizing the life cycle costs of installing new 

equipment due to the inefficient design of the district heating system. 

5.1.6 Sustainability assessment of utilization in Hveragerði 

In §1.3.9 Sustainable Reservoir Management, it was identified that Hveragerði’s district 

heating system scored the lowest sustainability assessment score out of all of Veitur’s district 

heating utility regions. The results of this project are meant to improve the assessment score 

by offering a detailed short-term plan for the district heating system by the year 2030. In 

addition, the simulated future demand, design of future pressure zones, and optimization of 

the district heating system through new controls theory are excellent inputs in the 10-year 

research and development category. The goal is to improve governance, asset reliability, and 

efficiency and demonstrate the benefits of the future recommended changes. 

5.1.7 Simulation Results for Investment  

It is hoped that the simulated results of the thermohydraulic model and all scenarios will 

be a valuable insight into the operation of the district heating system down to the lowest 

level of detail. This level of insight is a vast improvement over the more “blind” nature of 

understanding past systems. While demands can be estimated and hydraulic and thermal 

calculations can be done from the laws of thermodynamics and fluid mechanics, in a system 

where everything affects everything else, a well-constructed and validated computer model 

can provide comprehensive results and rapidly iterate through various changes to the system. 
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5.1.8 Next Steps for Digital Twin 

The thermohydraulic computer model constructed in Fluidit Heat for this thesis project 

is a well-validated, complete, and functioning replication of the district heating system 

operating in Hveragerði today. Furthermore, this static model mimics peak winter conditions 

between December 2021 and February 2022. 

 

The next step in this district heating system's future vision and digitalization is to create 

a dynamic and live model that follows real-time conditions. This digital twin would be able 

to forecast, nowcast, and hindcast hourly states of the system at any time. To achieve this 

next step forward, a real-time data stream of logged pressure, flow, and temperatures in the 

system will need to be coupled to the Fluidit Heat model. In addition, a rollout and 

integration of the next-generation smart meters will need to take place. These smart meters 

will be able to provide real-time customer demand values that can be coupled to the Fluidit 

model. 

 

Furthermore, weather forecasting of expected temperature and wind conditions will need 

to be integrated into the model. With these real-time data streams, the live digital twin model 

for Hveragerði’s district heating system can be realized. 

5.2 Further Research Recommendations 

5.2.1 Soliciting Local Opinion 

There should be stakeholder outreach and communication to understand local citizens' 

and local governments’ needs, wants, and concerns. For example, the following questions 

could be assessed: “How do you feel about the hot water system as it is today? Are there any 

problems or defects? What do you think needs to be done in the future to improve the 

system? Do you want to see a new industry or tourism facility that will require more hot 

water? For example, food drying, food processing, or a geothermal spa similar to Krauma. 

Would you support the construction of a small and safe electricity power plant with a small 

footprint and little disruption to the town? (For example, what Varmaorka has done in Efri-

Reykjar and Reykholt.)” 

5.2.2 Potential further uses of utilization in Hveragerði 

There is untapped potential regarding the utilization of geothermal energy in Hveragerði. 

Several boreholes drilled for the canceled geothermal power plant have been closed off and 

untapped and a few of the boreholes that Veitur operates are shut off or underutilized. 

Furthermore, several boreholes that have stopped producing due to scaling or shifting 

fractures could be reamed and made operational again. This is easily accessible energy when 

compared to the high cost and time required for completely new drilling projects. 

 

With the geothermal reservoir classified in the medium to high-temperature range (150 

– 200 °C) and several unused or underutilized wells, there is readily available geothermal 

heat energy that can meet every direct utilization and electricity generation process on the 

Lindal diagram, Figure 24. 
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Potential uses include a new industry or tourism facility requiring more hot water, such 

as food drying, food processing, or a geothermal spa-like Krauma.  

5.2.2.1 Combined Heat and Power 

The proposed CHP plans in Appendix D provide initial thoughts on how electricity 

generation might be accomplished symbiotically with Hveragerði’s district heating system. 

The modular ORC power units would be the most affordable to install but offer lower 

efficiency and less power output. While the custom-built steam and brine heated ORC plant 

would be more costly but offer higher efficiency and power output. 

 

Further research would be needed on the best path to a combined heat and power 

system in Hveragerði. In addition, environmental impact assessments need to be conducted, 

local stakeholder opinions need to be solicited, and a detailed power plant design would 

have to be drafted. 

5.2.3 Sustainable Production of the Geothermal Reservoir 

It is recommended that an estimation of sustainable production limit using lumped 

parameter analysis and USGS Hydrotherm simulation be done to improve the sustainability 

metrics of mass extraction, drawdown, re-injection effects, groundwater status, and supply 

forecasting. This analysis is an essential criterion for improving the sustainability assessment 

metrics of the geothermal utilization in Hveragerði. 
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Chapter 6 

6Conclusion 

District heating networks are intrinsically complex and dynamic systems that are 

better understood through computer modeling and simulation. Without a holistic 

understanding, the utility owner may not be aware of present issues in the distribution system 

nor be able to effectively plan investments to meet future needs. A comprehensive 

thermohydraulic model of Hvergarði’s Bláskógar closed-loop district heating system was 

built to understand the behavior of the network today (January 2022) and to study designs 

for its sustainable future (January 2030). Field visits and data analysis was conducted to 

validate the base model and accurately represent the future state. This work was performed 

in Fluidit Heat, a modeling and simulation engine based on the US EPA’s EPANET 

hydraulic modeling software. 

 

Results from the base scenario (January 2022) show several heating customers in 

Hveragerði that have inadequate supply and return pressure, based on Veitur’s design 

guidelines. These customers are located at the highest elevation and lowest elevation extents 

of the current one pressure zone system. Furthermore, there are a large number of heating 

customers that have inadequate differential pressure due to the current control theory at the 

Bláskógar heat exchange station. The beginning signs of a district heating system at capacity 

were exacerbated further when the future scenarios were modeled with more heat customers 

as outlined by Hveragerði’s municipal building plans. 

 

To address these deficiencies and meet the future anticipated demand, a scenario with 

three new pressure zones and booster stations was built. In addition, further scenarios were 

created to fix high-priority piping bottlenecks, trial new controls theory, and investigate cost-

effective improvements. The results from these scenarios show a network that efficiently 

meets customer demand, satisfies Veitur’s design guidelines, and has the capacity to expand 

further beyond 2030. Additionally, results are presented to aid in the selection of future 

components (e.g. pumps, valves, and pipe diameters). 
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Appendix A – Fluidit Heat Controls 

Settings 

The following is a summary of the Fluidit Heat controls values given to critical 

components in the base scenario and the EFPZ scenario. 

 

Base Scenario 

• Bláskógar pumps (Quantity: 3) 

o Constant outlet pressure: 4.5 bar 

• Bláskógar heat exchangers (Quantity: 3) 

o Internal diameter of the control valve: 210 mm 

o Output water temperature: 80.1 °C 

o Loss coefficient: 0 

• Closed-loop initialization reservoir 

o Pressure head: 2.58 bar 

o Water temperature: 35.5 °C 

• Closed demands (Quantity: 1,144) 

o Base demand: calculated from annual average volumetric usage 

o Demand pattern: HveragerdiWinterDay 

o Return water temperature: 35.2 °C 

 

Enhanced Future Pressure Zones Scenario 

• Bláskógar pumps (Quantity: 3) 

o Constant pressure difference: 2 bar 

o Control point: Supply outlet pressure and return inlet pressure at the station 

• Bláskógar heat exchangers (Quantity: 3) 

o Same as the base scenario 

• Closed-loop initialization reservoir 

o Same as the base scenario 

• Closed demands (Quantity: 1,528) 

o Same as the base scenario 

o New demands added per §3.12.3 Estimating New Demand 

• High-Pressure West Station pump 

o Constant pressure difference: 2 bar 

o Control point: Supply and return pressure on the HP zone side of the station 

o Network direction: Supply 

• High-Pressure West Station valve 

o Pressure reducing valve: 1.5 bar 

o Internal diameter: 133 mm 

o Network direction: Return 

• High-Pressure North Station pump 

o Constant pressure difference: 2 bar 

o Control point: Supply and return pressure on the HP zone side of the station 

o Network direction: Supply 
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• High-Pressure North Station valve 

o Pressure reducing valve: 1.38 bar 

o Internal diameter: 210.1 mm 

o Network direction: Return 

• Low-Pressure Station pump 

o Constant pressure difference: 2 bar 

o Control point: Supply and return pressure at Veitur office (Vorsabær 9) 

o Network direction: Return 

• Low-Pressure Station valve 

o Pressure reducing valve: 1.5 bar 

o Internal diameter: 263 mm 

o Network direction: Supply 
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Appendix B – Pipe Materials Library 

The materials library of district heating pipes used in the Hveragerði area was created 

from Set ehf’s technical handbooks [61]. Set ehf is the predominant supplier of district 

heating pipes in Iceland, and their dimensions and specifications are based on Nordic and 

European standards. The roughness was determined by consulting with internal experts and 

referencing industry standards. The materials specifications for list for steel pipes is shown 

in Table 34 and for cross-linked polyethylene (PEX) pipes rated for 6 bar in Table 35. 

Table 34. Materials specification for Veitur's steel pipes 

Name 
Inner 

Diameter [mm] 

Outer Diameter 

[mm] 

Heat Transfer 

Coefficient 

[W/(m*K)] 

Darcy-Weisbach 

Roughness [mm] 

DN20_Steel 21.7 26.9 0.126 0.18 

DN25_Steel 28.5 33.7 0.152 0.18 

DN32_Steel 37.2 42.4 0.156 0.18 

DN40_Steel 43.1 48.3 0.178 0.18 

DN50_Steel 54.5 60.3 0.198 0.18 

DN65_Steel 70.3 76.1 0.231 0.18 

DN80_Steel 82.5 88.9 0.238 0.18 

DN100_Steel 107.1 114.3 0.250 0.18 

DN125_Steel 132.5 139.7 0.287 0.18 

DN150_Steel 160.3 168.3 0.336 0.18 

DN200_Steel 210.1 219.1 0.366 0.18 

DN250_Steel 263 273 0.356 0.18 

DN300_Steel 312.7 323.9 0.406 0.18 

DN350_Steel 344.4 355.6 0.397 0.18 

DN400_Steel 393.8 406.4 0.421 0.18 

DN450_Steel 444.4 457 0.424 0.18 

DN500_Steel 495.4 508 0.413 0.18 

DN600_Steel 595.8 610 0.497 0.18 

DN700_Steel 695 711 0.563 0.18 

DN800_Steel 795.4 813 0.630 0.18 
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Table 35. Materials specification for Veitur's cross-linked polyethylene (PEX) 6 bar pipes 

Name 

Inner 

Diameter 

[mm] 

Outer 

Diameter 

[mm] 

Heat Transfer 

Coefficient 

[W/(m*K)] 

Darcy-Weisbach 

Roughness [mm] 

20mm_PEX_6bar 16.2 20 0.0936 0.03 

25mm_PEX_6bar 20.4 25 0.111 0.03 

32mm_PEX_6bar 26.2 32 0.141 0.03 

40mm_PEX_6bar 32.6 40 0.146 0.03 

50mm_PEX_6bar 40.8 50 0.150 0.03 

63mm_PEX_6bar 51.4 63 0.170 0.03 

75mm_PEX_6bar 61.4 755 0.186 0.03 

90mm_PEX_6bar 73.6 90 0.200 0.03 

110mm_PEX_6bar 87.6 110 0.228 0.03 

20mm_PEX_10bar 14.4 20 0.0932 0.03 

25mm_PEX_10bar 18 25 0.111 0.03 

32mm_PEX_10bar 23.2 32 0.140 0.03 

40mm_PEX_10bar 29 40 0.145 0.03 

50mm_PEX_10bar 36.2 50 0.149 0.03 

63mm_PEX_10bar 45.8 63 0.169 0.03 
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Appendix C – Site Visit Obersvations and 

Measurements 

The following sections summarize findings and data collected from the author’s site 

visits to the town of Hveragerði and inspection of the district heating system infrastructure. 

Temperature measurements were taken with an infrared thermometer. 

 

Borehole HS-09 

 

The borehole HS-09 was observed to be closed during the duration of all field visits. 

As of September 2021, construction work was underway on the wellhead equipment and 

connections. There was also a new wellhead housing structure in place to be installed.  

 

Direct Steam Distribution System 

 

On December 1, 2021, the piping of the steam distribution network in the vicinity of 

borehole HS-09 was measured to be 124.4 °C. 

 

Borehole HV-02 

 

The wellhead temperature was 149.6 °C on December 1, 2021. The pressure gauges 

indicated 3.6 – 3.9 bar on September 24, 2021, and 3.6 – 3.8 bar on December 1, 2021. 

 

Borehole HV-03 

 

Two pipes in the wellhead area during all visits observed significant two-phase 

discharge into the environment. Wellhead covered in corrosion and scaling products. The 

wellhead temperature was 110.8 °C on December 1, 2021. There are no glass pressure 

gauges on this wellhead. 

 

Borehole HV-04 

 

Wellhead pressure gauges indicated 4.0 bar on September 24, 2021, and 3.2 bar on 

December 1, 2021. The wellhead temperature was 145.7 °C on December 1, 2021. 

 

Hamarshöllin Heat Exchange Station 

 

An inspection of the Hamarshöllin heat exchange station on September 24, 2021, 

indicated that the forward pressure for the closed system was 3 bar, the supply temperature 

was 70 °C and the return temperature was 40 °C. The heat exchanger is a Tranter 

International AB Model GXD-026PR manufactured in 2021 with a maximum working 

pressure of 10 bar and maximum working temperature of 160 °C. Both sides have a volume 

of 15.48 liters. 
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Tragically, the Hamarshöllin sports hall experienced complete structural failure during 

the red warning storm of February 22, 2022. As a result, there likely will not be significant 

energy demand for the next two years or until a new sports hall is constructed. 

 

Vorsabæjarvellir Heat Exchange Station 

 

An inspection of the Vorsabæjarvellir heat exchange station on September 24, 2021, 

yielded no indications of operating pressures or temperatures of the small closed-loop 

system supplying the horse stables. However, a follow-up visit on January 20, 2022, showed 

that construction was underway for a new and slightly larger heat exchanger station which 

aligns well with the future piping connections to a planned camping area and the Reykjadalur 

Café.  
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Appendix D – Proposed Combined Heat 

and Power Plants 

While not the primary focus of this project, the author proposes P&IDs for two 

potential combined heat and power (CHP) applications in Hveragerði. These CHP ideas 

were based on careful consideration of the current infrastructure of the district heating 

system, boreholes, and steam collection pipes. Particular care was taken to create efficient 

use of the current infrastructure, cascading use of geothermal energy, as little interruption of 

the district heating system as possible, most cost-effective approach to generate electricity, 

and with as minor nuisance to the local population. 

 

Modular ORC Power Units 

 

The first CHP plan involved using modular ORC power units similar to what 

Varmaorka has done in Efri-Reykjar and Reykholt. The primary concern with this plan was 

placing specific irregular use customers on the closed-loop system who are currently on the 

direct steam distribution system. A concern was raised that their irregular and large usage 

requirements would introduce transient pressure events to the closed-loop system (i.e., water 

hammers). Additional concerns were about the necessary volume of cold water needed for 

makeup and the inlet temperature of the ORC units being too high. 

  

 

Figure 126. P&ID of modular ORC power units for the Hveragerði system  
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Steam and Brine Heated ORC Plant 

 

The final and revised idea is the custom-built steam and brine heated Organic Rankine 

Cycle plant shown in Figure 127. After discussing the first modular ORC power unit plan 

with internal Veitur stakeholders, this was the second iteration of planning. 

 

Two-phase geothermal fluid from wells HV-02, -03, and -04 will enter steam 

separators. The separated liquid phase would be piped to existing customers, requiring only 

a liquid phase. The excess liquid phase will enter the jet pumps as the low-pressure fluid. 

The separated steam phase will enter the direct steam supply system and serve the unique 

customers that require steam. The excess steam will provide energy to the steam-heated 

vaporizer of the power unit. 

 

Superheated geothermal water from wells HS-08 and -09 (with downhole pumps) will 

go through heat exchangers at the Bláskógar station and enter the jet pumps as the high-

pressure fluid. The combined geothermal liquid exiting the jet pumps will provide thermal 

energy to the brine heated vaporizer of the power unit. The discharge from the steam-heated 

vaporizer will run through a separator and combine with the liquid from the discharge of the 

brine heated vaporizer and provide its remaining thermal energy to the preheater of the 

power unit.  

 

 

Figure 127. P&ID of steam and brine heated ORC power plant for the Hveragerði system  
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Appendix E – Pump Analysis 

Fluidit Heat offers a pump analysis tool to evaluate where the pump working points in 

the simulation land on the pump’s actual operational curves. The pump analysis results for 

the base scenario are shown in Figure 128 to Figure 130. Additionally, the pump analysis 

results are shown for the future scenario in Figure 131 to Figure 133. The pump analysis 

tool was only run on the existing Bláskógar pumps as their pump performance curves were 

retrievable from known make and model manuals. Essential pump operating conditions for 

the sizing and selection of future pumps are shown in §4.1.10. 

 

 

Figure 128. Base scenario – simulated pump working points and efficiency, simulated 

working points in black dots  
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Figure 129. Base scenario – simulated pump working points and power, simulated 

working points in black dots 

 

It is ideal to have pumps operating in an N+1 redundancy configuration where N is 

the minimum required pumping capacity to meet maximum demand, and +1 is a single extra 

pumping component to support a failure or allow a single pump to be serviced. In the case 

of the Bláskógar heat exchange station’s current design, 2 Desmi NORM (Type no 100/400) 

pumps are required to meet maximum demand with one extra unit installed for redundancy.  

 

 

Figure 130. Base scenario – simulated pump working points and number of pumps, 

simulated working points in black dots 
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According to the pump analysis results in the base scenario, all three pumps are needed 

to meet the winter demand of 52.3 l/s. This result shows that the hot water demand exceeds 

the N pumps' capacity at Bláskógar and requires the redundant pump to meet demand. 

Therefore, it would be advisable to invest in new pumps to satisfy the town’s current and 

future demands while meeting N+1 redundancy. 

 

Furthermore, the pumps are currently generating 21.7 meters water column of pressure 

head to satisfy the controls setting of 4.5 bar into the supply network. The maximum flow 

for two pumps operating in parallel (49 l/s) would require a corresponding pressure head of 

28 meters water column. The difference between the simulated pump pressure head and 

maximum flow for two pumps is 6.3 mWC (0.618 bar). Therefore, it would be ideal for the 

pressure setting for the supply network to be set to 5.12 bar, which is currently not possible 

due to the low elevation of users in the southeast portion of town. Creating pressure zones 

would help alleviate the problem and allow the pressure output at Bláskógar to vary more 

freely to meet demand and optimize efficiency. 

 

 

Figure 131. Future scenario – simulated pump working points and efficiency  

 



184    

   

 

Figure 132. Future scenario – simulated pump working points and power  

 

 

Figure 133. Future scenario – simulated pump working points and number of pumps  
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Acronyms 

SCADA Supervisory Control and Data Acquisition 

DEM  Digital Elevation Model 

ESP  Electric Submersible Pump 

MWC  Meters Water Column 

MASL  Meters Above Sea Level 

TFT  Tracer Flow Testing 

ISK  Icelandic Króna 

ORC  Organic Rankine Cycle 

OR  Orkuveita Reykjavíkur 

FPZ  Future Pressure Zone 

EFPZ  Enhanced Future Pressure Zone 

EFPZ+D Enhanced Future Pressure Zone plus Diameter Modification 

ID  Inner Diameter 

OD  Outer Diameter 

HP  High Pressure 

IP  Intermediate Pressure 

LP  Low Pressure 

PLC  Programmable Logic Controller 
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