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Jätevedenpuhdistuksessa eletään aikoja, jossa energiatehokkuus ja hiilineutraalisuus sekä 

energiaomavaraisuus ohjaavat koko toimialan kehityssuuntaa. Erityisesti prosessin 

sähkönkulutuksen seuraaminen ja parannusten tuottaminen nähdään askeleena kohti 

yhteiskunnan siirtymistä lineaarisen taloudesta kiertotalouden malliin. 

 

Tässä diplomityössä selvitettiin energianmittausjärjestelmän tuottamia hyötyjä jäteveden 

puhdistukseen Lahti Aqua Oy:n Kariniemen jätevedenpuhdistamolla. Tutkimus keskittyy 

etenkin siihen kuinka energianmittausjärjestelmää voidaan hyödyntää sähkönkulutuksen 

vähennykseen, kasvihuonekaasupäästöihin ja laitoksen kokonaiskustannuksiin. 

Energianmittausjärjestelmän avulla sähkönkulutusta seurattiin ja analysoitiin, sekä 

suoritettiin testejä, joilla haettiin sähkönkulutuksen vähentymistä tietyissä prosessin osissa. 

 

Energianmittausjärjestelmän integroiminen jäteveden puhdistuksen toimintoihin toi tämän 

tutkimuksen mukaan huomattavia hyötyjä. Hyödyt eivät jää vain tutkimuksessa haettuihin 

kasvihuonekaasupäästöjen ja kustannuksien vähenemiseen, vaan muun muassa 

toimintavarmuuden parantuminen on yksi keskeisistä tutkimuksen tuloksista. 

 

Kokonaisuudessaan työssä tutkittujen toimintojen vaikutusta voidaan pitää merkittävänä, 

kun puhutaan yli 128 000 kgCO2 eq suuruisesta päästövähennyksestä vuositasolla, sekä yli 

37 000 euron kustannussäästöistä vuosittain. 
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Wastewater treatment is going through critical period where energy efficiency and both 

carbon neutrality and energy self-sufficiency direct the development of the whole field of 

business. Especially monitoring the electricity consumption of the treatment process and 

improvements in it are seen as steps from linear model of economy toward circular one. 

 

This study examines the benefits of an energy measurement system in wastewater treatment 

in Lahti Aqua Oy’s Kariniemi WWTP. The study focuses especially who energy 

measurement system can be utilized to decrease electricity consumption, greenhouse gas 

emissions and total costs of the operations. With the energy measurement system, electricity 

consumption was examined and analysed, but also tests were made to gain reduction in the 

electricity consumption. 

 

Integration of the energy measurement system to the operations of wastewater treatment 

operations has created some major improvements according to this study. The benefits do 

not only include reduction of GHG emissions and costs but also improvement of reliability 

of the operations is one of the main results of this study. 

 

In total, the examined actions of this study have a large contribution for the operations, 

especially when the reductions of GHG emissions are potentially more than 128 000 kgCO2 

eq and costs are reduced potentially with more than 37 000 euros.  
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1 INTRODUCTION 

 

With the expense of environmental stability, human activities have developed and thrived 

throughout the history of mankind. Starting from the Industrial Revolution, human actions 

have been the main reason for the climate change to mould the global environment. So called 

“planetary boundaries” for safe operating of the environment and human activities have 

already been exceeded for the most parts.  (Rockström et al. 2009, 472.) Wastewater 

treatment is currently one of the main actions to address many negative impacts of human 

activities. The whole society is connected and kept running through water related activities, 

and eventually wastewater treatment keeps nutrients away from the waterways. (Chen & 

Chen 2016, 905; Maktabifard et al. 2018, 655.) 

 

Wastewater operations demand large amounts of energy and especially electricity. This 

electricity is mainly purchased from the grid globally, but the energy self-sufficiency 

thinking has become important subject of studies and actions in the field of wastewater 

treatment during the latest years. Current trend is leading wastewater treatment operations 

towards energy neutrality. Generally, is has been considered that energy neutrality is 

achieved in wastewater treatment operations with replacing fossil sources of energy with 

renewable energy, decreasing energy consumption and recovering the potential energy form 

the wastewater. (Maktabifard et al. 2018, 655.) Current direction of development of 

technologies demand even larger inputs of energy even without adding the need for 

improvement in treatment results to the equation. Therefore, studying the energy 

consumption and improving the efficiency can be seen as the most crucial part of the 

development. (Wang 2020, 8.) 

 

Rapidly developing technologies in all fields of business lead the way to analysation of how 

the society is taking its footsteps towards better and sustainable tomorrow. In the context of 

wastewater treatment, this development has taken the field to a situation where testing and 

analysing of the treatment and purification process can be done coprehensively. Though the 

development is continuous and might not even have reached its peak, it can be seen that the 

more characterizing can be done for the treatment results, the more inputs the results require. 

Basically, new technologies and higher demand of treatment results increase the demand for 
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energy inputs. The whole field of wastewater is battling with the fact that continuously the 

need of contaminant removal through new findings, legislation and large number of new 

technologies are forcing the field to increase the energy consumption and resource 

consumption. (Wang 2020, 7-8.) The aim should always focus on removing unwanted and 

harmful substances from the wastewaters like organic matter, nitrogen and phosphorus 

according to the standards but where should the line be drawn what is enough? Better results 

in the wastewater treatment process always cost more and consume more energy, but which 

level of treatment is the most suitable when considering treatment results, costs and energy 

consumption. 

 

This thesis focuses on the development of the energy efficiency and reduction of electricity 

consumption in the wastewater treatment process through energy measurement system, 

which is a fairly new way of how wastewater treatment plant operations can be adjusted and 

examined. Different testing is being executed in the wastewater treatment plant within this 

thesis to reduce electricity consumption. Economical savings and reduction of greenhouse 

gas emissions due to reduced electricity consumption is calculated to each action made. 

Though speaking about energy measurement system, the focus is directed to only electricity 

consumption of the wastewater treatment plant. Examination of the electricity consumption 

is done for Lahti Aqua and their Kariniemi wastewater treatment plant which processes 

approximately 6,2 million m3 of wastewater yearly (Lahti Aqua 2020). Energy costs are 

significant part of the whole wastewater treatment process. Electricity usage in Kariniemi 

wastewater treatment plant is responsible for 30 % of the whole costs of the operations. Lahti 

Aqua Oy has development and energy efficiency improvement of the processes as one of the 

goals of their strategy. This energy measurement system was implemented to have more 

efficient and responsive wastewater treatment process. Previously. the electricity 

consumption has been monitored only from the total consumption of the plant and no 

division between different processes could not be done with the consumption. (Meiseri 

2019.) 
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2 WASTEWATER TREATMENT AS PART OF CIRCULAR 

ECONOMY 

 

Wastewater treatment can be seen as one of the main operations to enhance the circulation 

of nutrients and potential to be energy self-sufficient field of business (Maktabifard et al. 

2018, 655). Especially improving the state of the biogeochemical flows, including 

phosphorus and nitrogen, is essential goal for wastewater treatment process development 

(Rockström et al. 2009, 474; Wang 2020, 8). 

 

2.1 Planetary boundaries 

 

In 2009, Johan Rockström and his colleagues introduced the identification and qualification 

of “planetary boundaries” to fight the rapidly changing environment. Human activities have 

become the main reason for environmental change and pushing the environmental state 

outside the stable state called Holocene. Holocene stands for unusually stable period of 

10 000 years from the environmental point of view. The current path may have non-

reversible and catastrophic consequences for the world we know. Preserving the stable state 

of the environment requires actions and knowledge towards Earth’s complex systems. 

(Rockström et al. 2009, 472.) 

 

The framework called planetary boundaries addresses the stable state of the environment. 

The framework has nine different categories that define the safe operating space for human 

activities which aims to cooperate with the complex systems of Earth. The categories or 

boundaries are carefully chosen to be addressing the environmental change and focused on 

Earth’s systems that have the vulnerability to be harmed. Certain thresholds are set for the 

boundaries to define the critical value of the variables. (Rockström et al. 2009, 472-473.) In 

the process, nine different boundaries were determined to be defining the planetary 

limitations: climate change; ocean acidification; stratospheric ozone depletion; 

biogeochemical flows; global freshwater use; atmospheric aerosol loading; biodiversity loss 

(biosphere integrity); change in land use (land-system change) and novel entities. 

(Rockström et al. 2009, 473; Steffen et al. 2015, 736.)  
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Like it can be seen in the figure 1, there are some concerns about crossing the boundaries. 

In the figure 1, green represents the safe zone for human activities, yellow indicates 

increasing risk and finally orange represents the high-risk zone.  Especially loss of 

biodiversity and biogeochemical flows (nitrogen and phosphorus) are at alarmingly high 

above the safe thresholds. But also, land-system change and climate change are on level 

where concern is rising.  

 

 

 

Figure 1. Illustration of planetary boundaries. (Steffen et al. 2015, 736.) 

 

 

From the wastewater treatment point of view, biogeochemical and climate change 

boundaries are the ones to focus on. Modern intensive agriculture and increasement in 

consumption are major reasons why amount of activated nitrogen and phosphorus by 

humans are endangering the global cycles of these elements. Fertilizer production and use is 
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mainly responsible for the excessive load of nitrogen in the environment, which mostly ends 

up polluting the waterways in different means. Phosphorus as raw material is acquired from 

mining processes and it has been placed on critical list of substances by European Union due 

to risk of supply and its economic status. (Rockström et al. 2009, 474; Robles et al. 2020, 2.) 

Large agriculture producers and exporters will demand more mineral phosphorus as most of 

the needed phosphorus is exported to the countries where the product is used. This leads to 

a situation where some areas are struggling with minerally poor soil and some will have 

eutrophicated waterways due to excessive nutrient load. Efficient wastewater treatment can 

be seen one of the best ways to keep the phosphorus out of the surrounding waterways and 

maintain the possibility for the closer circulation, though recovering phosphorus is still way 

more expensive than rock phosphate. (Mayer et al. 2016, 6606-6607; Childers et al. 2011, 

119-120.) 

 

2.2 Circular economy 

 

The concept of circular economy has been developing since the 1970s and during the last 

decade it has become priority in economic policies in Europe. The development that 

circularity brings to the economies can be described as transition from linear model of 

economy to a circular one. “Take, use and throw away” mentality has changed to a thinking 

that sees one’s waste as one’s opportunity. (Lipinska 2018, 123.)  

 

Circular economy can be seen as an industrial system which changes the way products, 

services and the whole economy is seen. This system has few main principles that describe 

the whole function of the economy. First, the economy system removes the concept of waste 

– it starts from design and optimization for easy disassembly and reuse. Secondly, circular 

economy draws line between consumable and durable components of a product. 

Consumables should be produced from biodegradable materials with non-toxic and valuable 

features but also those should be easily returnable to the environment, either directly or after 

number of uses. Durables, including technical parts or products which are often made of 

matter that is not suitable for direct return to the environment. Therefore, the design phase 

starts from the fact that the durable part or product must be available for reuse. Third point 

of circularity is concerning the energy that is needed to run the economy. Renewable sources 
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of energy are the core of the economy, so resource dependency is decreased, on the other 

hand system tolerance is increased. (Ellen MacArthur Foundation 2013.) These 

fundamentals of circular economy are illustrated in the figure 2. 

 

 

 

Figure 2. Circular economy systems diagram. (Ellen MacArthur Foundation 2019.) 

 

 

Study (Ghisellini et al. 2016) about the so called “3R” principle identifies more generic 

nature of circular economy approach. 3R principle includes such terms as reduce, reuse and 

recycle. Reduction aims to effect on the energy and raw material use but also waste creation. 

Such actions as efficiency and consumption improvements with technologies, new design 

and consumption patterns are needed for reduction. (Su et al. 2013.) Reuse identifies the 

operations which allows products or parts to be used again for the same use they were 

originally designed (EU 2008). Reuse has obvious environmental benefits such as less 

resources and energy used, ultimately leading to less emissions (Castellani et al. 2015). 

Recycling indicates the processes that reprocess waste materials into other products or 

materials but not recovered as energy or fuel (EU 2008). 
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The 3R principle can be expanded in numerous ways into larger ones that include more 

strategies for higher and lower circularity levels. Potting (2017) and his colleagues have 

combined a ten-point list (R0 – R9) to address the resource and material overconsumption 

in products’ life cycles for the cause of circularity. In this 9R principle, lower rank (R0) at 

the list presents higher fulfilment of circularity and higher rank (R9) at the list presents lower 

fulfilment of circularity. The list follows the transition from current slightly linear economy 

to more circular one. (Potting et al. 2017, 14-15.) Illustration of the 9R principle can be seen 

from figure 3. 

 

 

 

Figure 3. 9R framework for circularity strategies. (Potting et al. 2017; Kirchherr et al. 2017.) 

 

 

Reduce (R2), reuse (R3) and recycle (R8) are basically the base of every listing done in this 

context (Ghisellini et al. 2016; Potting et al 2017, 15). In 9R principle, it is fulfilled first with 

two terms called refuse (R0) and rethink (R1), that improve the circularity, but on the other 

hand these do not extend the lifespan or improve the applications of a product. R’s from 4 
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to 7 (repair, refurbish, remanufacture and repurpose) concentrate on extending the lifespan 

of an existing product and its parts. 9R principle presents also recovery (R9) of energy as 

last option for the improvement of circularity.  (Potting et al 2017, 15.) 

 

2.3 Energy use in wastewater treatment 

 

Relationship between consumption of water and energy can be seen as a network that 

connects the whole urban society, where one is needed for the other to work and vice versa. 

The network is crucial for local society but also for the global sustainable functions and 

development. Urban society can not work or develop without proper water-energy nexus. 

(Chen & Chen 2016, 905.) Wastewater treatment plants are one of the main contributors to 

the water-energy nexus. Running a plant requires energy to keep the pollutants out of the 

water system and nutrients like nitrogen and phosphorus in circulation, and out of the 

waterways. (Maktabifard et al. 2018, 655.) The relationship between energy and water in 

wastewater treatment operations has typically situation where quality of the treatment 

process is improved with the cost of energy use and related emissions (Xu et al. 2017, 3055-

3056). Though technological niche solutions have entered the regime of wastewater 

treatment, the application of these solutions is fairly challenging to already existing plants if 

compared to new facilities (Maktabifard et al. 2018, 656). 

 

From the total costs of operating wastewater treatment plant, globally approximately 30 % 

is being accounted for energy use. This amount is expected to rise in the future because of 

factors like uncertainty in fuel production, price of energy, growth in population and 

consumption. Cost of energy use follows the trend of operational cost where the wastewater 

load and type of treatment process makes the variation between treatment plants. 

(Tchobanoglous et al. 2004, 1703-1704.) In table 1, there are introduced global energy 

consumption averages. 
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Table 1. Global average energy consumptions per cubic meter of treated wastewater. 

Country kWh / m3 Source 

China 0,27 Sihvonen 2018 

Netherlands 0,36 Hernández-Sancho et al. 2011 

Australia 0,39 Hernández-Sancho et al. 2011 

Finland 0,45 Finnish Water Utilities Association 2016 

United States 0,45 Hernández-Sancho et al. 2011 

Switzerland 0,52 Hernández-Sancho et al. 2011 

Spain 0,53 Hernández-Sancho et al. 2011 

Singapore 0,56 Hernández-Sancho et al. 2011 

Italy 0,59 Vaccari et al. 2018 

United Kingdom 0,64 Hernández-Sancho et al. 2011 

Germany 0,67 Hernández-Sancho et al. 2011 

 

 

The average energy consumption is highly dependent on the amount of treated water. In 

Finland, small wastewater treatment plants have average of 1,55 kWh / m3, medium sized 

plants 0,67 kWh / m3 and large sized plants 0,41 kWh / m3. (Finnish Water Utilities 

Association 2016.) From the total costs of operating a treatment facility in Finland energy 

costs cover approximately 25 %, depending on the size and capacity of the facility (Laitinen 

et al. 2014, 41). The energy consumption and total flow rates of some of the largest Finnish 

wastewater treatment plants are introduced in the table 2. 
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Table 2. Energy efficiency in Finnish wastewater treatment plants. 

City WWTP Year 
kWh / 

m3 

Total flow 

(Mm3 / a) 
Source 

Lahti Kariniemi 2019 0,78 6 214 Lahti Aqua 2020. 

Lahti Ali-Juhakkala 2019 0,71 5 021 Lahti Aqua 2020. 

Helsinki Viikinmäki 2019 0,38 107 295 HSY 2020. 

Espoo Suomenoja 2019 0,31 41 821 HSY 2020. 

Tampere Viinikanlahti 2017 0,34 25 784 Tampereen Vesi 2018. 

Hämeenlinna Paroinen 2019 0,67 7 906 HS-Vesi 2020. 

Jyväskylä Nenäinniemi 2019 0,54 13 490 JS-Puhdistamo 2020. 

Turku Kakolanmäki 2019 0,30 34 055 

Lounais-Suomen vesi- 

ja ympäristötutkimus 

Oy 2020. 

Kuopio Combined 2018 0,63 8 720 Kuopion Vesi 2019. 

 

 

In the project of Finnish state energy efficiency agency (Motiva 2019) for improved energy 

efficient wastewater treatment, there are introduced the main points for better energy usage 

in the wastewater treatment plants. Main points of the study are highlighting 6 different 

sections from the process for improving efficiency: 
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• Aeration 

• Active sludge process 

• Treatment of sludge and production of biogas 

• Sludge dewatering 

• Usage of biogas 

• Further processing of the sludge (Motiva 2019.) 

 

Generally, as over half of the energy consumption in treatment plant is coming from aeration 

and the optimization of the oxygen and air need but also energy use of air inlet, is needed 

(Motiva 2018c). Efficiency in the active sludge process is based highly on sizing of the 

equipment and process operation (Motiva 2018b). When considering efficiency of energy 

utilization, the process must start already from the thickening and go through the digestion 

(Motiva 2018f). Dewatering of the sludge includes energy use of the equipment but is also 

main contributor is polymer usage (Motiva 2018e).  

 

Based on a technical-financial study made by Finnish Water Utilities Association (2016), 

the improvements of energy efficiency can be divided into four different categories: process, 

buildings, heat and other. These categories are introduced in the following table 3 with 

actions and possible effects. 
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Table 3. Energy savings and production potentials. (Finnish Water Utilities Association 2016.) 

Target Actions Effect 

Process 

Replacing aerators with low 

oxygen transfer efficiency  
Reduction approximately 0,2 kWh / m³ 

Controlling dissolved oxygen Reduction 0,05 kWh / m³ 

Adjustments in flow rate 

conditions (mixers) 
Minor 

Energy efficient compressors, 

mixers and pumps 

Reduction approximately 20 - 50 % from 

the consumption of the equipment 

Buildings 

Reduction in equipment 

electricity consumption 
1 -2 % from the total consumption 

Ventilation 1 -2 % from the total consumption 

Need for heating 1 -2 % from the total consumption 

Heat 
Heat recovery: wastewater and 

equipment 

No need or minimal need of buying heat, a 

lot of potential but usually problem where 

to utilize the heat 

Other 

Sludge digestion 
Possibility to produce 50 - 70 % of the 

energy need 

Anammox in reject water 

treatment 

10 - 15 % reduction from the consumption 

of nitrification  

Centrifuge optimization 
10 % reduction from the consumption of 

sludge dewatering  
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2.4 Reduction of greenhouse gas emissions 

 

Greenhouse gas emissions from wastewater treatment depend highly on the electricity 

production, used technologies in the treatment plant, flow rate or capacity of a plant and the 

quality of the wastewater. Reducing carbon dioxide emissions with the help of enhancing 

the energy efficiency is major contribution towards carbon neutrality. (Wang et al. 2016, 

874.) It is generally thought that most of the carbon dioxide neutrality related conversation 

from wastewater treatment is associated to emissions from energy use (Maktabifard et al. 

2018, 656). Schaubroeck et al. (2015) points out that direct GHG emissions from wastewater 

treatment plants, like CH4 and N2O, are also largely responsible of the total carbon footprint 

of a plant.  

 

Wastewater treatment plants are responsible for large share of the total energy consumption 

of municipalities globally. (Wang et al. 2016, 874.) From municipal activities, energy 

consumption of wastewater treatment plants accounts approximately 20 % of the total. 

Municipal activities, in this case, are for example hospitals, schools and solid waste 

management utilities. (World Bank 2015.) When speaking of energy consumption in 

wastewater treatment it is mostly referred to electricity. Therefore, the carbon dioxide 

emissions of a plant are highly dependent of the way electricity is produced. (Wang et al. 

2016, 873.) 
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3 CASE LAHTI AQUA 

 

This Master’s thesis is executed for Lahti Aqua water service company located in Päijät-

Häme southern Finland. In this section, the company and the background data for the thesis 

are introduced. 

 

3.1 Lahti Aqua concern 

 

Lahti Aqua is municipality owned, regional water service company. The company is 

responsible of the water services of 145 000 inhabitants in the Lahti and Hollola region. Goal 

of the concern is to provide high-quality water service for the regional inhabitants and 

corporations.  Lahti Aqua concern is owned by the city of Lahti. The concern itself is built 

from the parent company Lahti Aqua Oy and from subsidiaries Aqua Palvelu Oy, Aqua 

Verkko Oy and LABIO Oy. (Lahti Aqua Oy 2020.)  Structure of the concern is introduced 

in figure 4.   

 

 

 

Figure 4. Lahti Aqua Concern.  (Lahti Aqua Oy 2020.) 
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The parent company is responsible of the water services as its entity, and governance and 

development of the concern. Lahti Aqua Ltd also takes care of the concern’s administration, 

customer service, planning and construction. Aqua Palvelu Oy, subsidiary of the Lahti Aqua 

Oy, is responsible of production and distribution of clean water and also wastewater services 

including sewerage and treatment of the wastewaters. Maintenance of the distribution 

network and processing facilities is done by Aqua Palvelu. Aqua Verkko Oy owns the assets 

of the water service in Lahti including processing facilities, distribution network, other 

property and is responsible of the investments for the assets. (Lahti Aqua Oy 2020.) 

 

From 2013 Lahti Aqua Oy became owner of the LABIO Oy with 60 % share and the 

biodegradable material treatment company joined the concern. LABIO Oy has the largest 

biogas plant in Finland with output of 50 GWh biogas. Biodegradable materials are 

processed in LABIO with modern biogas and composting operations. Since 2015, the 

company has processed over 170 000 tons of biodegradable materials into high-quality 

products mainly for the agriculture and traffic system. (Lahti Aqua Oy 2020.)  

 

Production and distribution of clean water is dependent on the large groundwater sources of 

the Päijät-Häme region. In 2019, the company provided 8,9 million m3 of clean water for the 

customers in the Lahti and Hollola area. After the use most of the water goes through 

sewerage system, approximately 1000 km long in total, and ends up to one of the four 

wastewater treatment plants in the area. The treatment plants are located in Kariniemi, Ali-

Juhakkala, Nastola and Hämeenkoski. Kariniemi (55 %) and Ali-Juhakkala (45 %) treated 

altogether 11,2 million m3 of wastewater. Most of the Lahti and Hollola area wastewaters 

are treated in these two plants. In Nastola plant, the amount of treated water was 1,0 million 

m3 and in Hämeenkoski 60 000 m3. (Lahti Aqua Oy 2020.) 

 

3.2 Kariniemi wastewater treatment plant 

 

Kariniemi wastewater treatment plant was originally built next to the harbour of Lahti in 

1975. The wastewater treatment plant is located in a cave specifically mined for the process. 

Most parts of the process are located in the cave, but some sludge related processes are being 

done aboveground. The plant itself is the oldest cave treatment plant in Finland. Volume of 
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the cave is approximately 120 000 m3 and there are tunnel constructions for the length of 2 

kilometres altogether. Kariniemi is treating wastewaters from northern side of Salpausselkä 

esker in Lahti and Kukkila area in Hollola. In 2019, there was 6,2 million m3 of wastewater 

being treated in Kariniemi treatment plant. (Meiseri & Mäki-Petäjä 2020.) 

 

The Kariniemi wastewater treatment plant is so called simultaneous precipitation plant, 

where waters are treated with both chemical and biological ways (Meiseri & Mäki-Petäjä 

2020). The whole process picture of Kariniemi wastewater treatment plant can be found from 

appendix 1. The treatment process in Kariniemi is following: 

 

• Screening 

• Grit removal 

• Flow division (between 3 lines) 

• Pre-aeration 

• Primary clarification 

• Aeration 

• Secondary clarification 

• Detention basin 

• UV-disinfection (Meiseri & Mäki-Petäjä 2020).  

 

The treatment process in Kariniemi starts from screening, where larger objects and 

impurities are removed from the wastewater (Karttunen 2004, 499). Screening is done 

mainly with two belt screens, and one step screen, which works as a backup equipment.  

Impurities are directed to screenings washer and bed, and then transported to further 

utilization (Meiseri & Mäki-Petäjä 2020.) After screening all the finer and heavier particles 

like grit, gravel and rocks are removed by slowing down the flow (Karttunen 2004, 503). 

After grit has settled to the bottom of the grit removal basin, it is scraped for the pumps to 

be pumped to the grit washer. Grit is then transported to further utilization. (Meiseri & Mäki-

Petäjä 2020.) 

 

After the first pretreatment processes in Kariniemi, wastewater is divided into three identical 

treatment lines for biological and chemical purification processes. Each treatment line 
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includes such processes as pre-aeration, primary clarification, aeration and secondary 

clarification. (Meiseri & Mäki-Petäjä 2020.) Pre-aeration has important role to add dissolved 

oxygen, control the formed odors, advance the separation of grease and oil from the water 

and improve the overall conditions for the primary clarification (Karttunen 2004, 505). In 

primary clarification, due to slow rate of flow, settling matters and some of the organic load 

is removed with the help of chain scrapers (Karttunen 2004, 506). Floating grease and oil 

are also removed before aeration. With the help of aeration, the quality of the wastewater is 

set so that the microbes are receiving enough oxygen to maintain their vital functions, but 

also it keeps the sludge constantly on move. Simultaneous precipitation occurs in aeration 

when phosphorus is precipitated with chemicals simultaneously with the biological process. 

(Karttunen 2004, 517.) Secondary clarification works as the last part of the process in the 

Kariniemi facility. There organic matter and biomass of active sludge is removed by settling 

with slow rate of flow and chain scrapers. Removed sludge is then returned to previous steps 

of the whole process as return activated sludge. After secondary clarification the treated 

wastewater is directed to detention basin in Nikula where it is also treated with UV-

disinfection, before it is directed to Porvoonjoki which works as recipient. (Meiseri & Mäki-

Petäjä 2020.) 

 

The treatment process includes also the processing of the sludge. Processes order for the 

sludge is following: 

 

• Thickening  

• Digestion 

• Deactivation of methane 

• Dewatering (Meiseri & Mäki-Petäjä 2020). 

 

In Kariniemi wastewater treatment plant mixed sludge is removed from primary clarification 

to be thickened with drum thickener. (Meiseri & Mäki-Petäjä 2020.) The purpose of 

thickening is to reduce the amount of water in the sludge to optimize next parts of the 

processes (Karttunen 2004, 560). Thickened sludge is then directed to two anaerobic 

digestion reactors, where bacteria produces mainly methane in anaerobic conditions 

(Karttunen 2004, 571). The formed methane gases (biogas) are then utilized either by 
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burning the gases for heating purposes or by selling the excess heat into local district heating 

network. Digested sludge is then pumped for dewatering purposes. Before dewatering, the 

sludge goes through methane deactivation process, where air is directed to the sludge and 

forming of methane is finished. In Kariniemi plant the sludge is dewatered with two different 

centrifuges. Sludge processing in Kariniemi requires polymers to be used. Polymers enhance 

the separation of water from the sludge during thickening and dewatering. (Meiseri & Mäki-

Petäjä 2020.) 

 

3.2.1 Environmental permits 

 

For activities that have a risk of environmental pollution, there is requirement to have an 

environmental permit which follows the Environmental Protection Act. Processing 

wastewaters is counted as one of these activities. Permit demands its user to act so that there 

is no health hazard, major environmental pollution or risk for it. (Regional State 

Administrative Agencies 2020.) 

 

Decision made by the Regional State Administrative Agencies in 2011, Lahti Aqua Ltd was 

given environmental permit to run its wastewater treatment actions in Kariniemi and Ali-

Juhakkala. (Regional State Administrative Agencies 2011.) With the addition to the permit 

of Supreme Administrative Court of Finland, some adjustments were made to the permit, 

including changes like disinfection of treated waters. (Supreme Administrative Court of 

Finland. 2014.) The Environmental permits of Kariniemi (and Ali-Juhakkala) wastewater 

treatment plant can be seen from table 4. 

 

 

 

 

 

 

 

 

 



26 

 

Table 4. Environmental permits of Kariniemi and Ali-Juhakkala wastewater plants. (Regional State 

Administrative Agencies 2011; Supreme Administrative Court of Finland. 2014.) 

Environmental permits Kariniemi WWTP 

 Concentration (mg / l) Reduction (%) 

BOD 10 95 

Phosphorus (P) 0,3 96 

Ammoniacal nitrogen 4 80 

Nitrogen (N) 20* 70 

COD 125 75 

Total solids 35 90 

Disinfection (bacteria)  90** 

*when temperature in aeration is > 12 °C 

**during 1.4 – 30.11 

 

 

3.3 Energy measurement in Kariniemi 

 

Energy monitoring, or in this case energy measurement system, has been identified as the 

most important factor when doing improvements for the sake of energy efficiency. Regular 

energy auditing should be used in wastewater treatment plants as a tool to improve the 

knowledge of energy consumption patterns. (Maktabifard et al. 2018, 656.) 

 

The energy measurement system for Kariniemi WWTP is executed by Insta Automation Oy. 

Implementation of the system dates back to 2017 and first data collected from the system are 

from April 2018. 
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Implementation of the energy measurement system was executed by adding current 

transformers into the plant’s process and property centers. These current transformers 

measure the electricity consumption of desired device or electrical center. The electricity 

consumption of the motors of the automation system is received straight from the bus if the 

current transformers are connected to the PROFIBUS (Process Field Bus). From the current 

transformers the collected data is then transferred to the energy measurement units. These 

units are connected to each other and to the process stations of the automation system. 

Through the process stations the data is then transferred into the visualization tool Grafana. 

(Insta Automation 2017.)  

 

The energy measurement system consists of 132 measurement locations, which of 99 are 

devices and rest are either electrical centers or process centers. Through the profibus, the 

data of 43 devices is collected straight from the current transformers. The electricity 

consumption of other devices is collected through current sensors and energy measurement 

units. The system consists of 7 different energy measurement units, which are located in the 

electrical center room. (Insta Automation 2019.) The energy measurement system is 

demonstrated in the following figure 5. 
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Figure 5. Demonstration of the basic elements of the energy measurement system. (Meiseri 2019, 19.) 

 

 

These measured energy data are then collected and transferred automatically into a database. 

Data is processed with visualization tool called Grafana. With this tool the company is able 

to follow the electricity consumption of for example certain process or treatment line. 

Electricity consumption data can be examined starting from the per-minute level. (Insta 

Automation 2017.) 

 

All the parts of the energy measurement system are divided into different sections based on 

which process they are affecting. Division is also made between treatment lines. Comparison 
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between lines allows us to adjust the treatment plant more efficiently. The division is done 

into 16 different part processes which are introduced in table 5. (Insta Automation 2019.) 

 

 

Table 5. Part processes of the energy measurement system. (Insta Automation 2019.) 

 

 

 

3.4 Main activities consuming energy 

 

According to multiple sources (Tchobanoglous, Burton & Stensel 2004, 1704; Motiva 

2018c; Meiseri 2019; Maktabifard et al. 2018; Xu et al. 2017) the following parts of the 

whole process, including pre-aeration, aeration and anaerobic digestion, are the biggest 

contributors for the total electricity consumption of wastewater treatment plants. When a 

plant that is located in a cave is examined it has to be noticed also that ventilation is major 

contributor to the total electricity consumption (Meiseri 2019). Next the main processes of 

Kariniemi wastewater treatment plant are introduced in more detailed. 

 

 

1. Supply air 9. Middle part of the cave 

2. Beginning of the cave 10. Technical water 

3. Pretreatment 11. Exhaust 

4. Grit removal 12. Thickener 

5. Pre-aeration 13. Sludge digestion 

6. Primary clarification 14. Deactivation of methane 

7. Aeration 15. Sludge dewatering 

8. Secondary clarification 16. Maintenance building 
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3.4.1 Aeration 

 

The aeration process in Kariniemi is divided into three separate but identical lines, of which 

each line consists eight different sectors. The incoming water goes through u-shaped route 

where it travels from the first sector to the eighth sector. All the eight sectors work either for 

nitrification or denitrification purposes. From the last sector, some amount of the sludge is 

circulated back to the beginning of the aeration line. Aeration is carried out with two main 

compressors (E1.3 & E1.4) and the third one (E1.2) is operated when the oxygen demand is 

at lower level. One aeration line is divided into two 50-meter-long lines. These lines are 7,4 

meters wide, 5 meters deep and one aeration line has total volume of 3680 m3. (Meiseri & 

Mäki-Petäjä 2020.) Division of these aeration lines is introduced in figure 6. 

 

 

 

Figure 6. Sector division of one aeration line. (Meiseri & Mäki-Petäjä 2020.) 

 

 

The aeration process in Kariniemi is divided into two phases: removal of organic matter and 

nitrogen removal. Organic matter is removed from the process when bacteria is using the 

incoming organic matter as their feed. (Meiseri & Mäki-Petäjä 2020.) This reaction demands 

oxygen (O2) and creates sludge (bacterial mass), carbon dioxide (CO2) and water (H2O). 

Organic matter is removed during the whole aeration process, even in the sectors without 
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oxygen. (Laitinen et al. 2014, 43.) Following reaction is occurring when organic matter is 

decomposing: 

 

Organic matter + O2 → CO2 + H2O + sludge 

 

Main reason for raising the level of dissolved oxygen is associated with the nitrogen removal. 

Nitrogen removal is based on biological denitrification and nitrification process (DN 

process) in Kariniemi wastewater treatment plant. In Kariniemi it means that at the beginning 

of the aeration there are sectors without oxygen (D = denitrification), which are followed by 

sectors with oxygen (N = nitrification). (Meiseri & Mäki-Petäjä 2020.) In nitrification 

ammonium nitrogen is transformed with the help of oxygen (O2) into nitrate. Denitrification 

continues to transform nitrate into nitrogen gas which is led out from the wastewater. 

(Laitinen et al. 2014, 10.) The last sector (eighth) is only responsible of the gas removal 

(GR). (Meiseri & Mäki-Petäjä 2020.) 

 

Nitrification reaction in the aeration process is following: 

 

NH4 + O2 → NO3 + H2O 

 

Denitrification reaction in the aeration process is following: 

 

Organic matter + NO3 → N2 + CO2 + H2O + sludge 

 

Finally, the wastewaters from aeration are directed to secondary clarification. Basic 

information about the sectors in aeration from Kariniemi are introduced in table 6. 
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Table 6. Features of the aeration sectors in Kariniemi. (Meiseri & Mäki-Petäjä 2020.) 

Sector Type Aerators Mixer Oxygen 

measurement 

Other Share (of 

total volume) 

1. sector D 

    

12,5 % 

2. sector D / N x x 

  

12,5 % 

3. sector D / N x x x 

 

12,5 % 

4. sector D / N x x x 

 

12,5 % 

5. sector N x 

 

x 

 

14,5 % 

6. sector N x 

 

x 

 

14,5 % 

7. sector N x 

 

x 

 

14,5 % 

8. sector D 

 

x 

 

Circulated 

sludge pump 

6,5 % 

 

 

3.4.2 Anaerobic digestion 

 

Anaerobic digestion is a treatment method for wastewater plants to utilize their sludge. 

Sludge is being decomposed by bacteria in the reactors. The result of this decomposing is 

biogas (methane) that can be utilized for example for heat production by burning. (Karttunen 

2004, 571.) The process of anaerobic digestion in Kariniemi is consisted of two reactors that 

have volume of 4000 m3 each. It takes approximately 30 days for the sludge to be treated in 

the digestion reactors. (Meiseri & Mäki-Petäjä 2020.) 

 

Anaerobic digestion process in Kariniemi is producing two main streams: methane (biogas) 

and digestated sludge. (Meiseri & Mäki-Petäjä 2020.) Methane is produced when methane 

bacteria is transforming sludge’s organic matter into mineral salts, water, carbon dioxide and 
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methane (CH4) in anaerobic conditions. The process itself is fairly time consuming and it 

takes up to 40 days to reach the technical limit of methane formation. For further utilization 

(in Kariniemi mechanical dewatering), the digestated sludge must be deactivated. (Karttunen 

2004, 571.) 

  

Sludge for digestion comes from thickening, where excess water is removed. Sludge goes 

through two heat exchangers to gain the optimal temperature (36 degrees) before pumped 

into reactors. Reactors have mixers which make sure that sludge is in constant movement 

and have homogenous quality. Telescopes in the bottom and in the surface are responsible 

for removing the sludge from the reactors. In a normal situation, telescopes in the surface do 

not remove any sludge, but the bottom one removes the sludge that is already digestated. 

Both reactors also have sludge pumps for circulated sludge. Digestated sludge is eventually 

dewatered and transported to LABIO for biogas production and composting purposes.  

(Meiseri & Mäki-Petäjä 2020.) 

 

Generated gases are directed after digestion from the reactors to the gas bell for storage and 

eventually to the gas boiler to be utilized as heat. The heat is then sold to district heating 

network of Lahti Energia to replace some of the heat production. (Meiseri & Mäki-Petäjä 

2020.) 

 

3.4.3 Pre-aeration 

 

In the three lined wastewater treatment system, each line begins with pre-aeration before 

primary clarification. Each pre-aeration contains tube aerators and wooden screen for larger 

particles that have made it through the main screens. (Meiseri & Mäki-Petäjä 2020.) Pre-

aeration helps to separate lighter substances like grease from the wastewater. Since the 

treatment plant has two-point dosing system, ferrous sulphate is dosed to water also before 

pre-aeration. (Laitinen et al. 2014, 47; Meiseri & Mäki-Petäjä 2020.)  Pre-aeration is carried 

out with two (C1.2 & C1.3) compressors. These compressors also provide air for the methane 

deactivation tanks. (Meiseri & Mäki-Petäjä 2020.)  
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3.4.4 Ventilation 

 

Ventilation in Kariniemi can be divided into two sections: supply air and exhaust air. 

Activity of the ventilation is based on underpressure (10 Pa) generated with the exhaust air 

fan. Air is flowing in the cave to opposite direction with the wastewater process flow: from 

the back of the cave where treated wastewaters are directed out of the facility, to the 

beginning of the cave. The supply air is kept constant at 15 °C. (Insta Automation 2019; 

Siemens 2009.) 

 

Currently supply air is generated with two different fans (201TK2_TP2_Ti513.2, 

201TK1_TP1_Ti513.1), from which one works as the main blower and the other works as 

alternation purposes and backup in case of malfunctions. Supply air is controlled with 

timing, where the pair of devices switches the running fan and operates period of time that 

is applied to the automation system. Supply air is distributed to different parts of the cave 

with multiple recirculating fans. (Insta Automation Oy 2019; Siemens 2009.) 

 

Exhaust air or air removal from the cave is performed also with two different fans (PK1 & 

PK2), and just like in supply air, one works as main device and the other as alternation 

purposes and backup in case of malfunctions. PK1 is the main device currently and works 

full time. Same kind of automation than in supply air is not yet in use. (Insta Automation Oy 

2019; Siemens 2009.) 

 

Currently the automation in the cave allows both of the fans (supply and exhaust) to be 

operated with reduced power outside the working hours (16 – 06). The reduction is set to a 

level where working is still safe in the cave and other functions do not suffer any damage. 

(Insta Automation Oy 2019; Siemens 2009.) 

 

Based on Meiseri (2019) master’s thesis, new supply air blowers have been acquired to 

enhance the energy efficiency since those were recognized as one of the most significant 

factors contributing the total energy use. Main change for the supply air system is that the 

old induction engine will be replaced with permanent magnet engine. (Meiseri 2019, 34.) 

Investment for the same kind of an upgrade for the exhaust air where new engines improve 
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the energy efficiency of the system, has also been done. During this thesis, the new engines 

are not in use yet. 
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4 APPROACH AND METHODOLOGY 

 

This thesis works as continuation for Meiseri’s master’s thesis (2019) about “Energy 

measurement system in Kariniemi wastewater treatment plant”. The whole energy 

measurement system is examined with new perspective including the principles of circular 

economy from electricity use perspective. This thesis aims to find clear patterns from the 

electricity consumption and find solutions to more electricity efficient way to operate the 

wastewater treatment plant. The goal is to execute testing for desired parts of the treatment 

process. Electricity consumption was examined through the energy measurement system. 

 

For the help of energy monitoring, an energy measurement system was executed in 

Kariniemi wastewater treatment plant (Insta Automation 2017). With the help of the energy 

measurement system the company has been able to identify the biggest contributors to the 

total electricity use (Meiseri 2019). Data collection from the system started in early 2018, 

but in this work the focus is directed to the most recent findings. Exhaust air system was 

connected to the energy measurement system in November 2019, which works as the starting 

point of the data examination for this work. Anaerobic digestion was added to the energy 

measurement system from the beginning of July 2020. Some earlier results from the energy 

measurement system are also examined, since some of the improvements in energy 

efficiency have been executed before November 2019. 

 

Electricity consumption is examined with a specified energy measurement system called 

Grafana that is able to produce minute-level information about the electricity consumption. 

The electricity consumption data is received in the form of kW / h and then converted into 

kWh. The data from the system is mainly compared to the actual electricity consumption 

received from the local energy company based on the invoicing. The energy measurement 

system itself is not yet complete totally, therefore the comparison is crucial to be executed 

in this thesis.  

 

During the period of examination, two different flow rate division tests were executed. Flow 

rate test were performed by dividing incoming wastewaters with different percentual shares 

between the treatment lines. As the Kariniemi wastewater treatment plant was built in 1975 
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(Lahti Aqua 2020.) and some parts of the process like the flow rate division section, are 

original from the building phase of the wastewater treatment plant it can be assumed that 

some modifications of the structures might have occurred. Modifications might have 

changed the way water flows in the division canal and which kind of water is directing into 

each line of treatment. Therefore, it is crucial to test if the most optimal way of division in 

theory has changed. Electricity consumption was mainly examined in aeration (ammonium 

nitrogen measurement), ventilation (engine upgrades) and anaerobic digestion (fault in 

digestors mixer). 

 

The work itself focuses on calculations of electricity consumption and possible reductions 

of carbon dioxide emissions or reductions in electricity related costs. This work utilizes the 

emission factors and cost of energy received from the local energy company. Calculations 

of the greenhouse gas emission and profit statements are based on the following values 

received from the local energy company Lahti Energia: 

 

• Cost of electricity is received directly from the company’s invoicing and is based on 

the actual price of electricity from the July 2020 invoicing. Electricity was invoiced 

7,453 cents / kWh. The price includes transmission fee, energy tax, strategic 

stockpile fee and energy unit fee. Other fees like monthly fee, power and reactive 

power fee are not included in the price. (Lahti Energia 2020a.) 

 

• Some of the calculations are from Meiseri’s thesis and the price was following. 

Savings calculations in Meiseri’s thesis were based on the actual price of electricity 

from the September 2018 invoicing. Electricity was invoiced 6,39 cents/kWh. The 

price includes transmission fee, energy tax, strategic stockpile fee and energy unit 

fee. Other fees like monthly fee, power and reactive power fee are not included in 

the price. (Meiseri 2019, 34.) 

 

• The average greenhouse gas emissions of the electricity production are received from 

the local energy company Lahti Energia. In 2019, the average CO2 eq emissions of 

the electricity production were 246,2 gCO2 / kWh. (Lahti Energia 2020b.) Data from 

2020 was not available at the time this study was executed. 
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Additionally, the data of the energy measurement system is examined in case of false or 

missing data. It is already known that some parts of the process are missing from the system 

and there is possibility that some data is incorrect. To recognize possible errors in data, the 

data is compared to properties of the devices and data points within the system are compared 

between each other. 

 

4.1 Previous case studies in the company 

 

There are two significant studies made in the company regarding energy efficiency in the 

recent years. Firstly, based on Anni Meiseri’s master’s thesis (2019) about utilizing energy 

monitoring in wastewater treatment plant. This thesis was found important to be carried on. 

This thesis focuses mainly on the problems and unsolved issues that were found in Meiseri’s 

thesis. In addition, energy measurement system has been updated and new points of data can 

be analysed in this thesis. Some data and results found from Meiseri’s thesis are also updated 

and received in more detailed with new data points.  

 

Secondly, based on Tapio Kilponen’s unfinished master’s thesis about managing aeration 

based on ammonium nitrogen measurement system in Ali-Juhakkala, this system was bought 

to Kariniemi also and taken into use on 18th December 2018. System is operated so that in 

the end of each aeration line there is measurement for ammonium nitrogen. Aeration is 

automatically controlled based on the ammonium nitrogen concentration at the end of each 

line. With upper and lower limits for the concentration, the automation adjusts the amount 

of aerated sections and the oxygen concentration in each section. (Meiseri 2019, 38.) In 

Meiseri’s thesis, some electricity consumption data related to the ammonium nitrogen 

measurement system was analysed and it is carried on in this thesis. 
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5 POTENTIAL FOR ENERGY EFFICIENCY IMPROVEMENTS 

 

In this section results from the examination period are introduced. Firstly, general 

examination of the electricity consumption in Kariniemi is presented and secondly results 

from the actual tests are introduced. Results are based on the data received from the energy 

measurement system Grafana.  

 

5.1 Electricity consumption in Kariniemi 

 

Basic energy monitoring has been done in the company for years, therefore there can be seen 

the outline of the earlier development of the energy efficiency. figure 7 presents the 

development of energy efficiency in Kariniemi wastewater treatment plant. Exact monthly 

electricity consumption and flow rate values from the examination period can be found from 

appendix 3. 

 

 

 

Figure 7. Development of electricity consumption, flow rate and energy efficiency in Kariniemi wastewater 

treatment plant in 2009-2019. 
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Typically, energy efficiency values in Kariniemi have been varying between 0,67 – 0,88 

kWh / m3 during the last ten years. The varying has settled during couple latest years and has 

been close to 0,8 kWh / m3. When compared to other Finnish wastewater treatment plants’ 

energy efficiency from table 2, numbers from Kariniemi are clearly high. In the comparison, 

it has to be taken into account that plant in Kariniemi is located in cave and requires such 

features like ventilation but also the quality of the incoming wastewater is unfavorable for 

energy efficient treatment mainly due to the yeast factory wastewaters (Meiseri & Mäki-

Petäjä 2020). Age of the treatment plant and fairly small capacity compared to other cave-

located-plants (Kakolanmäki and Viikinmäki) effect negatively on the electricity 

consumption and energy efficiency. On the other hand, electricity consumption has been 

decreasing during the last ten years. The electricity consumption has dropped between 2009 

and 2019 for more than 770 000 kWh, though the variation between flow rates and 

consumptions has been high. The amount of treated wastewater has been decreasing steadily 

during the years and it can be seen that the best energy efficiency values are from years with 

large quantities of treated wastewater, especially in 2012. Relative electricity consumption 

is lower with higher flow rates because the incoming wastewater includes large amounts of 

runoff water in these cases. The relative amount of total solids is much lower and especially 

it decreases the need of aeration. Exact amounts of yearly electricity consumptions, flow 

rates and energy efficiency values of Kariniemi wastewater treatment plant beginning from 

2009 can be seen in appendix 2. 

 

In this chapter, results from the energy measurement system are introduced. Examination 

period starts in November 2019, when the exhaust air system has been connected to the 

measurement system.  During the period of examination in this work the values of actual 

electricity consumption (invoicing from Lahti Energia) and values from the energy 

measurement system (Grafana) has been compared. In the following figure 8, there are 

introduced these values between November 2019 and August 2020.  
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Figure 8. Electricity consumption in Kariniemi based on the energy measurement system and total consumption 

from invoicing. 

 

 

Percentual difference of the values has been varying between 14,3 – 19,0 %. This difference 

results from the fact that the energy measurement system is incomplete. Some parts like 

office/maintenance building, anaerobic digestion and methane deactivation haven’t been 

connected to the system from the beginning of the examination period. On the other hand, 

results from anaerobic digestion can be seen from July 2020 but it can not be seen from 

Grafana if it had effect on the total consumption. Currently there is no certainty what is 

included in the difference between invoicing and Grafana. In the table 7 invoicing and 

measured data are compared to show missing electricity consumption from August 2020. 
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Table 7. Comparison of the electricity consumption values from August 2020. 
 

kWh Invoicing Main view 

Lahti Energia (invoicing) 422 016 - - 

Grafana (main view) 361 584 - 60 432 - 

Grafana (device view) 312 874 - 109 142 - 48 710 

 

 

As it can be seen in the table 7, there is a major gap between the actual consumption and the 

results from the measurement system. The biggest uncertainty of the values is connected to 

the gap between the main view of the measurement system and the invoicing from the local 

energy company. In the examination of the measurement system, only the 

office/maintenance building was noticed to be missing from the measurement system and 

included in the gap between main view and invoicing. The difference between values of the 

main view and device view is also causing uncertainty. It has been noticed that only methane 

deactivation is missing from the measurements of device view. In both of these gaps, large 

quantities of electricity consumption have not been identified because some parts/devices 

are not connected to the energy measurement system and there is no exact information what 

these devices are.  

 

The division of electricity consumption in Kariniemi follows the typical consumption pattern 

of cave-located treatment facility where aeration, ventilation and anaerobic digestion take 

the biggest share from the total consumption. The figure 9 introduces the typical distribution 

of electricity consumption in active sludge treatment plant from literature.  
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Figure 9. Typical energy consumption distribution in active sludge treatment facilities. (Tchobanoglous, Burton 

& Stensel 2003, 1704.) 

 

 

From the following figure 10 it can be identified how the electricity consumption is divided 

between different parts of the process in August 2020. The consumption distribution of 

Kariniemi wastewater treatment plant follows the examples from literature (Gu et al. 2017, 

3742; Tchobanoglous, Burton & Stensel 2003, 1704). Based on literature (Gu et al. 2017, 

3742) approximately 6 % of the missing parts can be accounted as consumption for the 

office/maintenance building, which is not currently connected to the measurement system. 

The remaining part of the unknown source of consumption would still stand around 20 %. 
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This assumption is highly uncertain, because it is not known what kind of overall conditions 

the study (Gu et al. 2017.) had in the wastewater treatment plants. 

 

 

 

Figure 10. Division of electricity consumption in Kariniemi in August 2020. 

 

 

One of the main goals for the implementation of the energy measurement system was to 

identify the distribution of the electricity use between the different parts of the process. Table 

8 presents top 4 electricity consuming parts of the wastewater treatment process in 

Kariniemi. The division of consumption has been steady between the processes during the 

examination period. Only the addition of measurement of exhaust air and anaerobic digestion 

has changed the bigger picture. First results of exhaust air are from November 2019 and of 

anaerobic digestion from July 2020. Therefore, results from July 2020 are the most relevant 

to be analyzed. 
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Table 8. Top 4 parts of the process consuming energy in Kariniemi. 

 Part of the process 

1 2 3 4 

Nov - 19 Aeration Supply air Exhaust air* Pre-aeration 

Dec - 19 Aeration Supply air Exhaust air Pre-aeration 

Jan - 20 Aeration Supply air Exhaust air Pre-aeration 

Feb - 20 Aeration Supply air Exhaust air Pre-aeration 

Mar - 20 Aeration Supply air Exhaust air Pre-aeration 

Apr - 20 Aeration Supply air Exhaust air Pre-aeration 

May - 20 Aeration Supply air Exhaust air Pre-aeration 

Jun - 20 Aeration Supply air Exhaust air Pre-aeration 

Jul - 20 Aeration Supply air Anaerobic digestion* Exhaust air 

Aug - 20 Aeration Supply air Exhaust air Anaerobic digestion 

*first month with results from the energy measurement system 

 

 

With the help of the system, identifying has been able to be done which related devices or 

set of devices consume the most electricity. The table 9 introduces all the devices that were 

recognized as the largest electricity consumers.  
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Table 9. List of the most electricity consuming devices.  

Device 

E1.2 Compressor for aeration 

E1.3 Compressor for aeration 

E1.4 Compressor for aeration 

P1.1  Exhaust air fan (PK1) 

201TK1__TP1_Ti513.1 Supply air fan 

201TK2__TP2_Ti513.2 Supply air fan 

C1.2 Compressor for grit removal and pre-aeration 

C1.3 Compressor for grit removal and pre-aeration 

 

 

During the period of examination, the five most electricity consuming devices (E1.3, E1.4, 

P1.1, 201TK1__TP1_Ti513.1 and 201TK2__TP2_Ti513.2) took up to 39 % of the total 

consumption of the treatment facility. These devices are then ranked in table 10 based on 

their electricity consumption.  
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Table 10. Main devices consuming energy in Kariniemi during the period of examination. 

 

Device 

1 2 3 4 

Nov – 19 E1.3 201TK2__TP2_Ti513.2 E1.4 201TK1__TP1_Ti513.1 

Dec - 19 P1.1 E1.3 E1.4 201TK2__TP2_Ti513.2 

Jan - 20 E1.4 E1.3 P1.1 201TK1__TP1_Ti513.1 

Feb - 20 E1.4 P1.1 E1.3 201TK1__TP1_Ti513.1 

Mar - 20 E1.4 P1.1 E1.3 201TK2__TP2_Ti513.2 

Apr - 20 E1.3 P1.1 E1.4 201TK1__TP1_Ti513.1 

May - 20 E1.3 P1.1 201TK2__TP2_Ti513.2 E1.4 

Jun - 20 E1.3 P1.1 E1.4 201TK2__TP2_Ti513.2 

Jul - 20 E1.3 E1.4 P1.1 201TK1__TP1_Ti513.1 

Aug - 20 E1.4 E1.3 P1.1 201TK1__TP1_Ti513.1 

 

 

For further examination, percentual shares of the main devices are introduced in figure 11. 

Consumption between devices helped to decide where the focus should be directed and 

where the largest potential lies for the electricity consumption reductions. In the 

examination, none of the devices consumed more than 10 % of the total electricity 

consumption. Individual consumptions of the seven largest devices vary between 3,1 – 9,7 

% of total electricity consumption.  
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Figure 11. Percentual distribution of electricity consumption in Kariniemi between the most consuming 

devices based on Grafana. 

 

 

In figure 12, the highest electricity consuming devices are categorized based on their 

functions. Based on the categorization it can be identified that these largest electricity 

consumers are included in three parts of the whole treatment process. It is essential to direct 

the focus on these parts of the process due to the potential for larger reduction of electricity 

consumption. Percentual share of the combined electricity consumption of aeration 

compressors has been varying between 15,8 – 23,5 % during the period of examination. In 

similar way, share of ventilation (includes both supply and exhaust air fans) has been varying 

between 18,9 – 21,9 %. Anaerobic digestion is not examined in these figures with device 

specific information since this part of the process can only be identified as whole. Based on 

the total consumption of anaerobic digestion (8 % of the total consumption in August), it has 

the potential to gain major reductions in energy use. 
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Figure 12. Electricity consumption between largest device groups in Kariniemi. 

 

 

5.2 Flow rate test 

 

Table 11 presents the time periods of these tests and reference periods but also the period of 

energy efficiency examination within the flow rate test. Reference periods are presenting the 

typical situation in the wastewater treatment plant with the flow rate division.  

 

 

Table 11. Dates of the reference periods and tests. 

 Flow rate Energy efficiency 

Reference period 1 20.6. – 1.7.2019 21.6. – 23.6.2019 

Reference period 2 1.6. – 12.6.2020 5.6. – 7.6.2020 

Test 1 18.6. – 29.6.2020 19.6. – 21.6.2020 

Test 2 1.10. – 5.10.2020 2.10. – 4.10.2020 
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In a typical situation for the treatment process, wastewaters are divided to the three lines 

quite evenly, but due to the locations of the lines some varying of the flow rate division 

occurs. Variation mainly is connected to aeration process because the compressors are 

located so that 3rd line has the shortest path and 1st line has the longest path for the air to 

reach the diffusers. Therefore, the most efficient way to divide the wastewater flow in theory 

is to have majority of the wastewater going into 2nd and 3rd line and the least amount to the 

1st line. Tests for the flow rate division were executed so that it could be seen if this 

assumption is exact, since there might have been generated some individual differences in 

the structures of the lines during the lifespan of the treatment facility. Flow rates were 

adjusted in both tests so that either line 1 or line 2 was encumbered more that the two other 

lines. Reference periods are selected to present the normal situation, before and after 

improvements done during 2019 and early 2020. Figure 13 presents the percentual flow rate 

shares of the tests. 

 

 

 

Figure 13. Distribution of the flow rate between treatment lines 1-3 during the tests. 

 

 

Energy efficiency of the reference and test periods were examined based on the electricity 

consumption of the whole treatment process, aeration process and aeration compressors. 
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Conditions during the periods were quite similar and flow rate was the main factor to effect 

on the selection of the dates. It was also important to select days that have similar wastewater 

quality (weekends were preferred since no industry wastewaters). The flow rates were set 

for the periods by adjusting the division hatches by hand. Total electricity consumption has 

been calculated and presented without exhaust air since it has not been a part of the 

measurement system in all of the periods. Flow rates, electricity consumption and energy 

efficiency are introduced in table 12. 

 

 

Table 12. Energy efficiency of different flow rate scenarios. 

  kW 

 Flow rate 

(m3) 

Total 

electricity 

consumption 

kWh / 

m3 
Aeration 

kWh / 

m3 
Compressors 

kWh / 

m3 

Reference 

period 2019 
39 240 299,10 0,549 143,46 0,263 102,74 0,189 

Reference 

period 2020 
44 164 287,62 0,469 131,34 0,214 86,49 0,141 

Test 1 36 077 267,65 0,534 117,4 0,234 73,29 0,146 

Test 2 41 669 296,24 0,512 143,98 0,249 98,59 0,170 

 

 

Based on the results from the flow rate test, the difference between reference periods in 2019 

and in 2020 indicates that improvements have been made for the energy efficiency based on 

each kWh / m3 introduced in the results. Especially optimization of the aeration compressors 

can be seen from the reference periods. Consumption patterns between the test clearly points 

out that the most optimal situation, where wastewater flow is divided based on the locations 

of the lines (Reference period 2020), produces the lowest electricity consumption. The test 

periods did not provide any significant improvements in the electricity consumption. Since 

there are numerous variables (weather, quality of the wastewater, automation etc.) effecting 

the treatment process, the data from the flow rate division testing doesn’t produce straight 

forward results. Though the lowest consumption can be seen from the results, there must be 

done more testing related to the flow rate division. 
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5.3 Ventilation upgrades 

 

Ventilation of the cave is divided into supply air and exhaust air, in the energy measurement 

system. Both have been also identified as large contributors to the whole electricity 

consumption of the Kariniemi wastewater treatment plant. On average ventilation 

contributes for more than 20 % of the total electricity consumption of the wastewater 

treatment plant. 

 

5.3.1 Supply air 

 

Currently supply air is provided to the cave with two centrifugal fans (201TK2_TP2_Ti513.1 

& 201TK2_TP2_Ti513.2). Both are KOJA’s FGMM 125 -type fans with BL-125 110 kW 

engines from Defour Luftteknik. (Siemens 2009.) Fans are operated with automation, where 

the operating fan is changed every week. With automation fans can be operated with 

different power outputs. Currently fans are being operated with lower power consumption 

outside the working hours (15:30 – 6:00), so less energy is used but still the cave is safe for 

working. (Siemens 2020.) 

 

Based on Meiseri’s master’s thesis (2019) from the energy measurement system, new 

permanent magnet engine (Nidec Leroy-Somer, Dyneo 1500 LSRPM 314SP1 175 kW) has 

been purchased to improve the energy efficiency of the supply air system. Appendix 4 

presents the efficiency improvements and economic value of the upgrade. Meiseri (2019) 

presented three different scenarios introduced based on the operating hours.  

 

In addition, calculations of the potential greenhouse gas emission reductions are introduced 

in this thesis. The reductions are based on the most optimal scenario (3) and are introduced 

in table 13. 
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Table 13. Greenhouse gas emission reduction from the engine upgrade. 
 

Reduction, 

kWh 

Emission factor, 

gCO2 / kWh 

Emission reduction, 

kgCO2 

Scenario 3 95 983 246,2 23 631 

 

 

5.3.2 Exhaust air 

 

Decision of the engine upgrades for the exhaust system have been made before this work 

has started. This section presents potential economic and environmental savings. 

 

Exhaust of the cave is executed by two fans, from which axial fan (PK1) runs continuously 

and centrifugal fan (PK2) works as a backup device. These current exhaust fans have been 

taken into use in 2007. (Siemens 2009.) The exhaust fan system itself is fairly new and in 

good shape so the potential savings from renewing the whole system are not likely worth the 

investment. Therefore, focus is turned into potential savings form modernization of the 

engines of the fans. Especially upgrading the engine of the centrifugal fan have been 

identified within the company as the main action for increasing energy efficiency (Meiseri 

2019). 

 

For the upgrade two different engines have been introduced: LSRPM and LSHRM. Energy 

savings potential has been calculated based on the data from the LSRPM-engine and 

estimations of the consumption of the LSHRM-engine are also included. (Suomela 2019.) 

Calculations have been acquired from Suomela (2019) and can be seen in appendix 5. Based 

on the reduction potential of electricity consumption carbon dioxide emission reduction 

potential can be also calculated. The results of carbon dioxide emission reductions and 

savings in costs can be seen from table 14.  
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Table 14. Calculations of the potential savings from engine upgrades.  

 

 

New engine for the PK2 exhaust fan will improve further the energy efficiency of the 

ventilation in the cave. Due to this upgrade, less energy will be used, and dependability will 

be increased. Major savings from energy use improve the economic and environmental 

situation. Since currently only one fan is operated, with the upgrade there is possibility to 

alternate between PK1 and PK2 to have even and more efficient operating hours. Ultimately 

upgrade provides more secure ventilation system in case of malfunctions with two functional 

and efficient exhaust fans. 

 

Investments for the engine are calculated to be refunded in 5 years according to Suomela 

(2019). Calculations are based on situation where energy subsides are received. Even 

without the subsides, refunding would be done in 7-8 years. Refund estimations are based 

on engine which has larger power output than is needed. (Suomela 2019.) 

 

Since exhaust fans are operated based on the under pressure in the cave so basically the fans 

follow the operations of the supply air. Therefore, the electricity consumption of exhaust 

fans follows quite strictly the automated use of supply air fans. As it is mentioned, since the 

two supply air fans are operated for week at a time, exhaust air must be examined within two 

different weeks. The table 15 presents the electricity consumption reductions from reduced 

power operating for the exhaust fans. In addition, similar reductions will happen in the 

consumption of the supply air fans.  

 kWh / a (Suomela 2019.) € / a kgCO2 / a 
Reduction 

% (kWh) 
PK2 Consumption Reduction Savings Reduction 

With current motor 617 444 - - - - 

LSRPM 552 093 65 351 4 871 16 089 10,58 

LSHRM < 547 000 > 70 000 > 5 200 > 17 234 > 11,34 
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Table 15. Electricity use comparison between different weeks with reduction of power during nighttime. 

 kW / h kWh / a 
Reduction, 

kWh / a 

Reduction, 

kgCO2 / a 

Reduction, 

% 

Full use 67,78 593 753 - - - 

Week 36 58,18 509 657 84 096 20 704 14,2 

Week 35 49,96 437 650 156 103 38 433 26,3 

Average from 

reduction 
54,07 473 653 120 100 29 569 20,2 

 

 

5.4 Ammonium nitrogen measurement 

 

The aeration compressors in Kariniemi have been renewed during the renovation of the 

whole aeration in 2012 (Meiseri 2019, 38). Therefore, the focus on the efficiency 

improvements should be more on the actions done in the operations. In addition the 

ammonium nitrogen measurement system provides a significant potential of improvements 

in the energy efficiency. The ammonium nitrogen system was acquired with the price of 

17 781 euros (Meiseri 2019, 38). In Meiseri’s thesis (2019) the savings calculations are 

based on the actual price of electricity from the September 2018 invoicing.  

 

Since the aeration process and especially the nitrification is highly dependent on the 

temperature of the incoming wastewater (Karttunen 2004, 212.), the examinations of real 

reduction of electricity consumption should be performed in similar periods between 

different years or in yearly level. Yearly level data is not yet available from the energy 

measurement system, so examinations are focused on similar periods of time between 6/2018 

- 11/2020.  
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Based on process engineer Kilponen’s ongoing thesis, ammonium nitrogen measurement 

system was bought to Kariniemi to improve the energy and overall efficiency of the aeration 

process.  With the help of the system, aeration can be adjusted so that the oxygen 

concentration is on optimal level for the removal of nitrogen from the wastewater. With this 

optimization it is possible to reduce the amount of electricity units used for the compressors. 

Ammonium nitrogen measurement leads to a situation where air need is at a level where less 

sections are aerated, and the smallest compressor can be used. Especially the use of the 

smallest compressor has helped to operate with lower electricity consumption, because the 

electricity consumption of aeration process drops more than 70 % when the smallest 

compressor in use.  

 

Figure 14 present the situation where the oxygen need for the aeration process is at the lowest 

level and the smallest compressor can be used for air supply. Use of the smallest compressor 

can be seen from the four individual drops of consumption. This kind of conditions are 

occurring during nighttime when the load of the treatment plant is at its lowest. The use of 

the smallest compressor is a major reduction compared to situation where larger compressors 

are in use. 

 

 

 

Figure 14. Graphics from the use of compressors in energy measurement system. 

 

 

The effect of the ammonium nitrogen measurement to the electricity consumption was partly 

examined in Meiseri’s thesis (2019). In this current work the examination is carried on, to 

gain larger examination quantity of the consumption patterns. Results from Meiseri’s thesis 

(2019) can be found from appendix 6. 
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Findings from Meiseri’s thesis (2019) are in the line with the reduction potential of 10 – 15 

% introduced by Sihvonen (2018), when adding ammonium nitrogen measurement system 

to the aeration process. In the Meiseri’s thesis (2019) actual reduction in weekly level was 

found to be around 11 % from the whole aeration process and 13 % from the consumption 

of the aeration compressors. In monthly level examination the reduction is approximately 18 

% from the whole aeration process and approximately 23 % reduction from the consumption 

of the aeration compressors. (Meiseri 2019.) 

 

In this work, there are also examined periods of time when the temperatures are more optimal 

for the nitrification happen in the aeration process. The progression of electricity 

consumption is examined from 2018 to 2020. Two different time periods of electricity 

consumption in aeration are introduced in the following table 16 and table 17.  

 

 

Table 16. Reduction potential based on the ammonium nitrogen measurement. 

Examination 3, 

weekly 
NH4 - N 

kW / h 

Part process Compressors 

01.06 - 07.06.2018 - 171 134 

01.06 - 07.06.2019 X 154 113 

01.06 - 07.06.2020 X 133 88 

Reduction from 2018 - 38 46 

Reduction, kWh / a - 333 844 405 500 

Savings, € / a - 24 881 30 222 

Refund, a - 0,71 0,59 
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Table 17. Reduction potential based on the ammonium nitrogen measurement. 

Examination 4, 

weekly 
NH4 - N 

kW / h 

Part process Compressors 

24.11 - 28.11.2018 - 177 140 

12.11 - 16.11.2019 X 142 96 

12.11 - 16.11.2020 X 137 91 

Difference from 2018 - 40 49 

Reduction, kWh / a - 348 911 429 200 

Savings, € / a - 26 004 31 988 

Refund, a - 0,68 0,56 

 

 

During the examination period at summertime, presented in table 16, the electricity 

consumption has decreased also due to the addition of the ammonium nitrogen measurement. 

From 2018 to 2020, the electricity consumption has decreased in the whole aeration process 

approximately 22 % and the consumption of the compressors more than 34 %. Similar 

pattern can be seen from the winter period in table 17. Between 2018 and 2020 the electricity 

consumption of the whole aeration process has decreased approximately 23 % and the 

consumption of the compressors 35 %. Both of the time periods account for electricity 

consumption decrease of more than 400 MWh in yearly level. 

 

Both of the examination periods present significantly larger decrease than the theoretical 10 

– 15 % decrease introduced by Sihvonen (2018). Especially the decrease percentages of the 

consumption of the compressors (in summer 34 % and winter 35 %) show how the 

measurement can contribute significantly to the electricity payments of the company, since 
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the reduction in payments can be more than 30 000 € in yearly level. Based on the 

calculations, the ammonium nitrogen measurement system has already paid itself back for 

the company. 

 

During the examination period there was multiple incidents when the electricity 

consumption of the aeration compressors was for a long period of time at level where the 

flow rates should have been much higher or lower based on the electricity consumption. 

Based on this over consumption, ammonium nitrogen levels of aeration and treated 

wastewater was compared and need of calibration was urgent. After the calibration it was 

found out that the values of the ammonium nitrogen measurement system had been starting 

to fluctuate and aeration was operated with false values. Sludge was either over aerated or 

aeration was lacking. 

 

5.5 Fault in anaerobic digestion 

 

Based on examination of the energy measurement system, at least one incident was identified 

as unknown decrease in electricity consumption. Case about anaerobic digestion is 

introduced next.  

 

Anaerobic digestion can be seen as one of the most important processes of the treatment to 

decrease the environmental effects. Capturing and utilizing carbon potentially significantly 

decreases the total emissions from the wastewater treatment process. With produced 

methane there is possibility to replace electricity and heating sources. (Laitinen et al. 2014, 

52) 

 

Based on the data from energy measurement system anaerobic digestion has quite stable 

electricity consumption. During the examination period anaerobic digestion was connected 

to the energy measurement system and shortly after the connection two major changes in 

electricity consumption was identified. In two different points electricity consumption of 

anaerobic digestion decreased simultaneously when mixers are driven to the opposite 

direction to detach the excess debris from the mixer’s blades. These decreases are introduced 

in figure 15. Red circles point out the unexpected decreases detected by the energy 
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measurement system. It is also noticeable that before the first decrease, the consumption 

steadily increased for three and half days. This is introduced with red arrow in the figure 15. 

 

 

 

Figure 15. Decrease in electricity consumption in anaerobic digestion.  

 

 

Since there is no data which classifies the decrease to a certain equipment or pair of 

equipment, only assumptions for reasons can be made. Some part of the decrease is 

connected to the mixers’ operations, due to difference in current between mixers engines in 

the reactor 1 and reactor 2. Most likely all of the decrease is related to this difference in 

currency between reactors, since other major changes were not detected. In the following 

table 18, the reduction is presented based on the average consumption before and after the 

decrease. 

 

 

Table 18. Amount of decrease from anaerobic digestion. 

Average between 06.07 - 23.07 

54,94 kW 

Average between 23.07 - 06.08 

46,64 kW 

Reduction 

8,3 kW 

15,11 % 
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The reduction is based on the whole functions of the anaerobic digestion. Since there are two 

reactors, the consumption has dropped for more than 30 % in the reactor. When the 

consumption of the reactor is divided between the equipment the decrease of 8,3 kW could 

mean drop of more than 50 % in the mixer’s operations. Since no certainty is possible to 

have from the source of the decrease, exact numbers are not introduced.  

 

Two different scenarios were introduced for the unexpected change where one is assuming 

that only large piece of debris was detached from the blades in both points of decrease. The 

other, more reliable scenario is assuming that some failure has occurred for the mixer, it may 

be failure of the whole mixer or detachment of blade.  

 

Based on the situation with the mixers, a potential electricity saving action could be 

executed. Since similar problems with the mixers have been occurring in Ali-Juhakkala also 

and no significant problems has occurred during short period of time, there could be 

possibility to test how the process reacts when mixers are not used continuously. Based on 

the findings, this have been seen as a potential case to be examined further.  

 

Efficient production of gas from anaerobic digestion requires mixing, so the microbes are 

able to get in contact with all of the digestate. Without mixing the gas yield potential is not 

fully utilized. (Motiva 2013.) This loss of gas yield has been proven in action during the 

maintenance of Ali-Juhakkala reactors. Gas yields got significantly lower when the mixer 

was not in use due to a failure. Therefore, only partial decrease of operating hours is feasible 

for testing. 

 

Three different scenarios are introduced based on the power of the mixers. Scenarios are 

following; full use, 66 % use and 50 % use. Electricity consumption is theoretically 

calculated based on the 7,5 kW engine of the mixers, since data from energy measurement 

system is not available for the mixers. These scenarios and calculations of reduction potential 

are introduced in table 19. The gained reductions due to the lower operating hours are fairly 

low, but the actual testing is quite effortless to perform. The test was not executed during 

this study because digestors in Ali-Juhakkala were having maintenance break and risk of 

zero functional digestors in the area was too high. 
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Table 19. Potential savings from reduced use of the digestors mixers. 

 kWh / a 
Reduction, 

kWh / a 

Reduction, 

€ 

Reduction, 

kgCO2 

Normal use 65 700 - - - 

66% use 43 800 21 900 1 632  5 392 

50 % use 32 850 32 850 2 448 8 088 

 

 

During the mixer optimization testing there should also be examination of the generation of 

gas yield and observations if other problems occur in the digestors. With much lower gas 

yields the adjustments are not feasible to take into daily use. 

 

5.6 Correctness of the data 

 

The functioning of the energy measurement system is crucial for different testing and 

operations of the wastewater plant, and general observation of the electricity consumption. 

It is known that the energy measurement is incomplete and some of the electricity 

consumption is have not been identified.  

 

Especially the part of the energy measurement system where the consumption of different 

electrical centres is introduced and classified should be examined with critical point of view. 

Consumption of different parts of the process was compared between centre view and device 

view, which pointed out that the centre view does not provide data that can be used in the 

calculations by most of its parts. The problem with the data was that I was not even close 

with the data that was proven to be correct in the device view of Grafana. The consumption 

data of anaerobic digestion is received only from the centre view, therefore it must be 

examined with caution. 
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5.7 Reductions of costs and greenhouse gas emissions 

 

Based on calculations about reduction of greenhouse gas emissions and total operating costs, 

a bigger picture about the reduction potential is formed. Table 20 presents total reductions 

of electricity consumption. In addition, reduction of power in ventilation and unclassified 

change in anaerobic digestion is introduced. 

 

 

Table 20. Total reduction potential form actions made. 

 kWh / a € / a kgCO2 / a 

Ventilation total 165 983 11 333 40 865 

- Supply air total 95 983 6 133 23 631 

- Exhaust air total 70 000 5 200 17 234 

- Reduced power (exhaust 

fans) 
120 100 8 591 29 569 

Anaerobic digestion    

- Mixer optimization (66 %) 21 900 1 632 5 392 

- Unclassified change   72 708 5 419 17 901 

Ammonium nitrogen measurement    

- Aeration total 333 844 24 881 82 192 

Total (due to taken actions) 521 727 37 846 128 449 
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6 SUGGESTIONS AND DISCUSSION 

 

Based on the results from the energy measurement system, guidelines and suggestions are 

given to improve the energy efficient way to operate the plant. The suggestions focus on two 

larger entireties of actions to either have better energy efficiency at the moment or prevent 

future problems due to failing equipment. 

 

Main focus on the future actions should be directed to completion of the energy measurement 

system. Current situation provides valuable information about the consumption generally, 

but especially the missing parts of the consumption should awake some concern. Also, the 

correctness of the consumption data was one of the main focus during the thesis. Few cases 

were identified when data was proven to be incorrect. Incorrect data was located in the 

section where the consumption data of electrical centres was found. These cases are left out 

from the study. Due to uncertainty of the results from the measurement system and 

uncompleted picture of total consumption, there is possibility that the focus is directed to 

wrong directions in the future if the energy measurement system is left out uncomplete. 

 

6.1 Ammonium nitrogen measurement calibration 

 

During the examination it was noticed that the measurement system is quite vulnerable for 

the floatation of the values if the calibration is done incorrectly or either too frequently or 

infrequently. There is also possibility that the sensors will get dirty if not cleansed frequently. 

This variation of values was identified by energy measurement system and by the normal 

operations of the plant. With the help of energy measurement system electricity consumption 

of the aeration compressors were found to be higher compared to a similar flow rate 

conditions for a long period of time. Therefore, the need of calibration was critical, especially 

when the values of the ammonium nitrogen were alarmingly low in the treated wastewater. 

This means that the sludge was over aerated during the period. 

 

Currently there is no precise schedule for the calibration for the ammonium measurement 

system, but it is done when the values start to differ from the values determined in company’s 

own laboratory testing. For the continuous functioning of the system, calibration should be 
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done more frequently. Monthly checking might work in stable conditions but as the quality 

of the wastewater changes continuously even during a day, the calibration should gain more 

attention. The functioning of the measurement effects on the whole operations of the 

treatment lines after aeration, therefore the whole electricity load of the treatment plant can 

be reduced. Or to get better result from the treatment process with less energy inputs 

compared to situation where measurement is not in use. Calibration should not be scheduled 

with strict timetable, but the need can be identified based on the current situation or time of 

the year with basic monitoring of the ammonium nitrogen levels in aeration and in treated 

wastewater combined with information from energy measurement system about the 

electricity consumption. Weekly level examination is preferred. 

 

6.2 Part of daily monitoring 

 

Operations in the Kariniemi wastewater treatment plant already have multiple monitoring 

tools to optimize processes and make the treatment process as efficient as possible. Current 

monitoring includes for example measurement of concentrations of critical values affecting 

the process and general conditions of the cave located plant. With the help of daily 

monitoring, there is possibility to gain major reductions through optimization as we speak 

but also prevent future extra costs or emissions.  

 

For the future, the Grafana-tool should be optimized for the use of the operators in the plant. 

Since basic operations in the plant is done also with software from Insta Automation, there 

is easy pathway to connect the energy measurement tool to the basic operations. In a similar 

way the alarm system should be brought to the Grafana. With alarms from preferred lower 

and higher limits it would be effortless to examine the occurring changes in the electricity 

consumption. 

 

Especially the quality and simplicity of the data that the energy measurement system 

produces is one of the main argumentations for the daily monitoring. The monitoring is also 

fairy easy to combine to the daily routines of operations in the wastewater treatment plant. 

Two different occasions are introduced next why the monitoring should be taken into more 

comprehensive use.  



66 

 

6.2.1 Optimization of the operations in the plant 

 

During the period of examination there has been multiple cases when energy measurement 

system has provided information that has helped to optimize electricity consumption in 

wastewater treatment. These changes have been right after the case occured or during longer 

period of time. These cases include for example such events as: 

 

• Aeration compressors consuming significantly higher amount of electricity 

compared to a normal situation 

• Ventilation has consumed too much electricity after the upgrades due to incorrect 

automation 

 

Energy measurement should be taken into use for daily basis, where the bigger picture of the 

electricity consumption can be observed in a more detailed way. Especially the largest 

electricity consumers like aeration and ventilation should be monitored on daily basis and 

analysed on weekly or monthly level.  

 

6.2.2 Observations of failures and need of maintenance 

 

From the previous example of decrease in electricity consumption from anaerobic digestion 

can be identified that some modifications have occurred in the process. In this case the 

modification has been only identified to the whole part process of anaerobic digestion since 

the system does not yet separate devices in this part process. As an outcome, due to this 

decrease in electricity consumption, after testing currency, starting and stopping velocity for 

the mixer in the digestion tank there has been made assumption that the mixer has suffered 

some kind of failure. Since there is no possibility see visually in what kind of shape the mixer 

is, only assumptions can be done based on the tests. This case points out important features 

of the system.  

 

There can be parts that can not be inspected visually in the treatment facility, for example 

anaerobic digestion. Based on these cases, it is important that the company has a system that 

is able to identify changes happening especially in these non-visible parts of the process. 
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Currently other parts of these non-visible parts are covered well but electricity consumption 

patterns should be taken into account when the monitoring is done.  
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7 SUMMARY  

 

Generally, the biggest area of improvement in the whole field of wastewater treatment 

concentrates on the few biggest parts of total electricity consumption. Especially the fact that 

this study focuses on a treatment plant that is located in a cave, highlights the significance 

of the ventilations share on the electricity consumption. As aeration and ventilation of the 

cave covers half of the total electricity consumption, most of the attention of this study was 

directed to these parts of the wastewater treatment process. With the help of the energy 

measurement system, it has been identified that bigger picture of the consumption of the 

Kariniemi plant follows the usual pattern of cave-located treatment facility. Study found out 

that the three most consuming devices or set of devices are also responsible half of the 

consumption in the facility. 

 

The ongoing improvements (engine upgrades in ventilation) for the sake of energy 

efficiency, lately renewed compressors and significantly high price of new compressors for 

the aeration process rule out any major investments based on this study. This study focused 

on finding certain consumption patterns from the energy measurement system and 

adjustments on the daily operations to gain reductions on the electricity consumption. It was 

found out early on that energy measurement system can work as more than just a tool that 

points out how much different parts of the process consume electricity. Examples from 

anaerobic digestion and ventilation proves that malfunctions and non-expected changes may 

be easier to identify with the energy measurement tool than with normal monitoring. Daily 

use of the Grafana should be considered especially when the whole system is complete and 

similar upper/lower limit alerts for the energy measurement system, like in normal 

operations of the plant, are in use. 

 

The system itself is a huge upgrade compared to previous situation where electricity 

consumption was only examined based on invoicing from Lahti Energia. Currently with the 

few additions (exhaust air and anaerobic digestion) to the system, Grafana works well to 

observe the daily situations of desired parts of the process. However, the system was 

originally bought and acquired to identify the whole electricity consumption patterns of the 

facility. The current situation is not even close to cover the whole consumption or even 
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situation where it is made sure that the values are exact in every single point within the 

system. During the examination, there was multiple situations when the correctness of the 

data was questioned. Especially the data from anaerobic digestion can be questioned since it 

was received from the centre view section in Grafana where some data was proven to be 

incorrect. Next steps for the energy measurement system should be simply to finish the 

implementation of the system and make sure that the electricity consumption data is correct, 

so it covers the whole wastewater treatment plant also including the maintenance building.  

 

In total the amount of reduced GHG emissions is a major contribution for the fight against 

climate change and path towards carbon neutrality in the wastewater operations. Same can 

be said from the electricity consumption reductions when the energy self-sufficiency is one 

step closer with the improvements of electricity consumption. Especially the effect of the 

ammonium nitrogen measurement system can be said to be crucial when these kind of GHG 

and electricity consumption reductions are being looked for. 
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Appendix 1 

 

Appendix 1. Process picture of the wastewater treatment in Kariniemi.  

 

 

 



Appendix 2 

 

Appendix 2. History of the electricity consumption in Kariniemi wastewater treatment 

plant. 

 

 

 

Electricity 

consumption 

(kWh) 

Electricity 

consumption per 

month (kWh) 

Flow rate 

(m3) 

Efficiency 

(kWh / m3) 

2009 5 639 700 469 975 6 682 006 0,84 

2010 5 138 600 428 217 6 679 183 0,77 

2011 5 215 700 434 642 6 617 745 0,79 

2012 5 167 700 430 642 7 763 226 0,67 

2013 5 077 100 423 092 6 743 204 0,75 

2014 5 270 000 439 167 6 113 409 0,86 

2015 4 950 300 412 525 6 149 713 0,80 

2016 4 954 437 412 870 5 647 297 0,88 

2017 5 000 350 416 696 6 289 245 0,80 

2018 5 036 144 419 679 6 278 340 0,80 

2019 4 866 419 405 535 6 214 438 0,78 

 

  



Appendix 3 

 

Appendix 3. Monthly electricity consumption values and flow rates from the examination 

period of the operations of Kariniemi wastewater treatment plant. 
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Grafana, 

kWh 

Lahti 

Energia, 

kWh 

Difference, 

kWh 

Difference, 

% 

Flow 

rate, m3 

kWh 

/ m3 

Nov-19 462 332 640 400 067 67 427 16,85 552 194 0,72 

Dec-19 457 340 008 405 006 64 998 16,05 728 591 0,56 

Jan-20 516 383 904 455 085 71 181 15,64 589 183 0,77 

Feb-20 505 351 480 421 406 69 926 16,59 662 220 0,64 

Mar-20 474 352 656 426 570 73 914 17,33 619 380 0,69 

Apr-20 460 331 200 408 973 77 773 19,02 520 144 0,79 

May-20 454 337 776 410 107 72 331 17,64 497 944 0,82 

Jun-20 452 325 440 390 622 65 182 16,69 444 685 0,88 

Jul-20 498 370 512 437 059 66 547 15,23 569 597 0,77 

Aug-20 486 361 584 422 016 60 432 14,32 461 397 0,91 
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Appendix 4 

 

Appendix 4. Energy savings potential for the supply air fan upgrade. (Meiseri 2019.) 

 

 
 

Operating hours, % Reduction, kWh / a Savings, € Refund, a 

Scenario 1 50 51 604 3 297 8,6 

Scenario 2 100 103 208 6 595 4,3 

Scenario 3 93 95 983 6 133 4,6 

  



Appendix 5 

 

Appendix 5. Calculations of exhaust fan upgrades. (Suomela 2019.) 

 

 

 

  



Appendix 6 

 

Appendix 6. Reduction potential based on the ammonium nitrogen measurement. (Meiseri 

2019.) 

 

Examination 1, 

week 
NH4 - N Part process Compressors 

10.12 - 16.12.2018 - 156 119 

07.01 - 13.01.2019 X 139 103 

Difference, kW / h - 17 16 

Reduction, kWh / a - 148 570 143 772 

Savings, € / a - 9 494 9 187 

Refund, a - 1,9 1,9 

 

 

Examination 2, 

month 
NH4 - N Part process Compressors 

16.11 - 16.12.2018 - 160 124 

01.01 - 31.01.2019 X 132 95 

Difference, kW / h - 28 28 

Reduction, kWh / a - 245 806 248 958 

Savings, € / a - 15 707 15 908 

Refund, a - 1,1 1,1 

 


