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ABSTRACT 

In Sweden, electricity is purchased on a so-called day-ahead 

spot market (Nordpool). The electricity is based on a 

predicted hourly need for the upcoming day [4, 5]. 

Production and consumption of electricity need to be 

balanced since it is hard to store electricity [25]. Today, 

electricity companies struggle to uphold this balance using 

currently available tools. A potential solution would be to 

support bidders by visualizing time-series. Then they could 

identify time-series lacking data crucial to the prediction 

phase and resolve them. In this thesis, a prototype was 

implemented consisting of different views/use-cases, aimed 

at simplifying the bidding process for balance responsible 

parties (BRPs). The prototype consisted of structured time-

series and presents predicted data in a way that makes the 

decision making easier when placing bids. Results from a 

study using the prototype with BRPs and professionals 

showed that the use-cases/views are useful in terms of 1) 

getting a better structure, 2) identifying incomplete time-

series, 3) better quality assurance of the time-series and 4) 

lowering the time-consumption. Additionally, the bidders 

suggested that the addition of references, in terms of other 

prediction methods than the one that was used could improve 

their decision making.  
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1 INTRODUCTION 
In recent years, interest in energy consumption has increased 

and it has become more popular within HCI because of its 

sustainable and environmental aspects [1, 2]. Within the area 

of energy and HCI, there is a lot of work that involves 

designing interactive systems, which aims to present energy 

data in a user-friendly way [3, 21]. The general idea is to 

lower energy consumption by raising awareness of energy 

usage by presenting the consumption in a user-

friendly/interactive way. This could potentially lead to self-

reflection and supporting decision making to lower the 

energy consumption [3, 21]. In many countries in Europe 

electricity is today bought on a so-called day-ahead market 

based on a predicted hourly need for the upcoming day [6, 

16, 17, 27, 28]. The day-ahead market in Sweden is managed 

by a company named Nordpool [4, 5, 12, 28], allowing 

buyers and sellers of electricity to agree on a set price. The 

electricity supplier is obliged to ensure sufficient generation, 

either by own production or by purchasing energy on the 

market [24]. Therefore, the consumption of their customers 

and their electricity capacity needs to remain in balance 

according to the Electricity Act [14, 29]. If the balance is not 

upheld, the electricity supplier will be fined [14, 29]. The 

party in charge of keeping the balance is called balance 

responsible parties (BRPs) [15, 29]. The electricity must be 

consumed as soon as it is being produced since it cannot be 

stored easily [25]. The balance must be upheld to stabilize 

the system frequency and to avoid disconnection of a system, 

or in the worst case - power blackouts [25, 29]. 

Traditionally, bidding is processed through manual 

decisions. This means that the electricity companies rely on 

data in multiple files. The files contain a predicted need of 

electricity that will be used in the upcoming day [13]. Since 

no appropriate solution exists today to simultaneously 

structure, predict and place bids on Nordpool, the BRPs have 

to manage data in different files, which decreases their work-

efficiency. This also means that a mistake could lead to large 

fines for these electricity companies, because they are legally 

responsible to ensure that the data is correct and valid. It is 

difficult to predict the prices for the upcoming day because 

it can, for instance, change due to weather and it has been 

shown that the predictions in most cases are wrong [7, 22, 

26]. The bids involve the demand in Wh for each hour the 

upcoming day. A good bid is considered being as accurate as 

possible to minimize the energy imbalance, meaning, less 

fines for the BRPs but also a more stable system frequency 

[25, 29]. The use of BRPs and day-ahead market is fairly new 

way to manage energy, so there has not been enough time to 

digitalize these entities. The problems of forecasting energy 

needs and the lack of tools indicates the importance of 

researching useful visualizations and use-cases in order to 

support BRPs. Even though significant advances being made 

in artificial intelligence and modelling within the area, there 

remains an underlying and fundamental challenge for these 

BRPs to manage data, evaluate bids and decisions. A 

potential solution could be to visualize time-series in a more 

structured way to achieve better predictions. Forecasting 

time-series is an interesting and challenging research area 
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because it involves several different aspects such as: 

economics, environmental aspects, artificial intelligence and 

decision making [23, 30].  

The prototype developed used a user-centered design process 

and was named Predict Bid. It includes a structure and 

acceptance (validation) part. In the process, data was 

examined to see how it could be presented and structured in 

a way that simplifies the way of planning, structuring and 

forecasting hourly energy needs. Finally, a study was 

conducted with BRPs and professionals where the prototype 

were presented. The study was performed to evaluate the 

efficiency of views/use-cases produced by the prototype, but 

also to identify how they could simplify the work of the 

BRPs. 

1.1 Aim 

The aim of this study is to provide a tool for BRPs to assist 

in decision making, approve structure and overview of the 

time-series and at the same time lower time-consumption by 

compiling large amount of data and present it in defined 

views/use-cases for the BRPs.  

1.2 Research questions 

● What are the problems of placing bids today? 

○ How can views/use-cases solve these 

problems? 

● What is important in manual quality assurance of 

bidding? 

1.3 Delimitations 

In the area of prediction making there is different models that 

can be used in the energy sector. However, in this thesis, it 

was to use the prediction model from Expektra AB, the 

sponsor of this thesis. The focus of this thesis will be 

conducted on how time-series can be structured and then be 

used in the prediction step. Finally, to present the final bid in 

such way that simplifies the decision making for the BRPs  

2 BACKGROUND 

The thesis was conducted together with the company 

Expektra AB, which aims to develop a new service for 

automatic bid management for the entire short-term 

electricity trading (the day-ahead) market. Today, Expektra 

AB has a tool that predicts the electricity consumption for 

the upcoming days. The prediction is based on various 

parameters, i.e. weather forecasts from SMHI and YR along 

with other regional information such as calendar 

information. This data is processed using artificial 

intelligence and machine learning. The company is currently 

focusing on developing a more extensive and user-friendly 

“self-service” system for managing structured data to gain 

capability of producing the final bid to be placed on the 

market, as well as user-controlled automation. In figure 1, 

the structure of the entire process is shown and consists of 

five steps: (1) Data is sent automatically from customers 

(electricity suppliers) to eSett1 and distribution system 

                                                           
1 eSett - https://www.esett.com/about/  

operators2 (DSO:s). (2) The electricity supplier sends the 

data to the structure module (a big focus of the thesis). The 

structure module will process, identify and structure the 

time-series according to the context. The context in this case 

could be to structure the data of a time-serie so that it consists 

of valid information. (3) The data is then sent to Expektras 

prediction tool where it will be used together with weather 

and calendar information to predict the energy need using 

artificial intelligence. The predicted data is (4) then 

automatically sent back from the prediction step to the 

structure module. In the structure module, the user will be 

able to structure the data accordingly to the context. In the 

next step, the data will be sent to an acceptance-function (5). 

The acceptance-function will provide information about the 

predicted data of electricity for the upcoming day. The 5th 

step can either be done with automation or manually 

depending on what the user configured the prototype to do. 

Once the user or the system has accepted the bid, it will be 

send to Nordpool (day-ahead) spot market. (6) Nordpool 

then calculates the price and sends the information to eSett 

about the outcome. 

A time-serie is an order of historical data, which involves an 

observation of data that has been collected over a period of 

time. These time-series can then be used for forecasting 

purposes by having artificial intelligence scan through the 

historical data and calculate a predicted hourly need for the 

upcoming day [23, 30, 31]. Time-series, in Sweden, are 

connected to a Metering Grid Area (MGA), and Market 

Balance Area (MBA) also referred to as price-area or bidding 

area. Sweden is divided into 4 MBAs: SE1-SE4, where the 

electricity prices vary between the areas. Therefore, 

electricity companies must create customized portfolios in 

order to place bids in different MBAs. In each MBA exists 

multiple MGAs, which basically are grids inside the MBA. 

The time-series also contain a location of its origin, which 

further will be referred to as location item. The location item 

contains a longitude and latitude, which are used in the 

forecasting step for weather prognosis. An important aspect 

for the electricity companies is to maximize their benefits in 

short- and long-term price forecast information. These 

forecasts can become much more efficient with structured 

data accordingly to its context [24, 25, 28]. One way of 

structuring the data is to organize the time-series before and 

after the prognosis step by connecting it to the corresponding 

portfolio, but also to ensure that it contains correct and valid 

data. For instance, time-series might lack information about 

MBA, which in this case is problematic because bids are 

placed based on MBA. Expektra AB mentioned that there 

exist two kinds of time-series for forecasting a) plans (a 

predicted serie, or an outcome) and b) observations (an 

incoming series containing historical data). The difference 

between the plans and observation is that plans has an 

attribute called predict items, which basically is a priority list 

2 DSO - https://www.emissions-euets.com/internal-electricity-market-

glossary/623-distribution-system-operators-dsos 

https://www.esett.com/about/
https://www.emissions-euets.com/internal-electricity-market-glossary/623-distribution-system-operators-dsos
https://www.emissions-euets.com/internal-electricity-market-glossary/623-distribution-system-operators-dsos
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displaying what prediction method will be used. Also, the 

plan serie is based on an observation. The observation series 

contains a source, which hold the information about where 

the time-serie originated from. 

In planning and forecasting, both producer and consumer 

rely on price forecasts to prepare bidding strategies [24]. 

Different companies handle the forecasting role differently, 

but the most common way is to use a model to calculate the 

predicted need. The electricity companies use a variety of 

prediction components. Therefore, the process of placing 

bids may vary between the companies, but most companies 

start with structuring the data (time-series). One thing that 

these companies have in common is that they do not want to 

share too much in detail since it is considered company 

secrets as these strategies can be financially beneficial [24, 

25, 28].  

 

Figure 1: The model for placing bids using Expektras 

Prediction tool along with a structure and acceptance module. 

The blue are the steps that will not be examined since they 

already are done or are not handled by Expektra AB. 

In big data and visualization, the visualization part can be 

viewed as the front-end of the system. There exist a few 

misconceptions about visualization, for instance, that all data 

must be visualized, which is not correct for all cases [8]. 

Neither does displaying some of the data show an accurate 

picture of its importance. Therefore, interactive 

visualizations do a better job than static systems, since they 

allow for data-mining, meaning it would be beneficial to 

have graphs and tables which dynamically can, for instance, 

be changed, filtered and linked [8]. The main struggle in 

developing a system that visualizes data is to filter away 

unnecessary information because one might not always 

know what data is necessary for all situations. Therefore, 

showing less data but linking them together in smaller 

components could lead to a simplified decision making and 

better structure for the BRPs. 

There are six major steps defining visualization; mapping, 

selection, presentation, interactivity, usability, and finally 

evaluation [10, 11]. The visual data exploration is to present 

the data in a visual form for the end-users by showing for 

instance graphs or tables. Based on the visual forms the end-

users are supposed to draw conclusions from what is being 

presented. The difficulties might be in what, how much and 

when to display the data. Therefore, it is important to include 

                                                           
3 Balsamiq is a rapid wireframe tool - https://balsamiq.com/  

the end-users throughout the development process, to ensure 

that the design simplifies and does not make it harder to draw 

conclusions based on what is being displayed in the user 

interface. Furthermore, displaying relevant data can be 

difficult, but by using information visualization techniques 

could alleviate some of these difficulties [9, 18, 19, 20].  

Previous research has investigated the futuristic of energy 

systems that emphasizes the design of interactions for 

automation systems. This by letting energy system rely more 

on renewable energy that offers good interactions and could 

change the way we utilize energy in our homes [32]. 

However, they also mentioned that no computational model 

or smart agent could cover the complexity of spontaneous 

and daily routines users face. Further, they discuss the fact 

that for automation systems to work as efficient as possible, 

it is crucial to design interactions that allows users to adjust 

the technology to fit their routines [32]. Another research 

collected and visualized temperature data automatically 

within workplaces [33], where users previously had handled 

the process manually. Findings indicated that it might not be 

sustainable in the long-term to do it manually, but also that 

the users showed an increasing engagement because of the 

visualization.  

3 METHOD 

In chapter 3.1, the user-centered design process is 

summarized which focused on finding the problems BRPs 

face and also gain insights on how these problems could be 

solved. In chapter 3.2, the method for a study in which a 

prototype was evaluated is described. 

3.1 Design process 

The main aim of the user-centered design (UCD) process 

was to identify problems of placing bids early. Since a 

similar system to Predict Bid has not been implemented 

previously, the project started with creating a specification 

of system requirements together with end-users input. This 

started by interviewing 6 end-users to gain insights into the 

problems of planning, structuring and forecasting energy 

needs. The interview questions were mainly targeting the 

struggles the end-users encounter today but also how they 

potentially could be solved. The end-users in this case are 

electricity suppliers, which works in and represents the 

BRPs. Once the interviews were done the process continued 

with creating personas and scenarios to establish a reliable 

representation of the end-users. The personas and scenarios 

were based on the interviews and additional background 

research. The reason to why the persona and scenarios were 

usable for this thesis was mainly because they demonstrate 

the needs of the end-users, but also the way the end-users 

would like to work with the system. Using the persona and 

scenarios, mockups were created with Balsamiq3 that 

included different views/use-cases that could solve the 

problems that the BRPs were facing. The main goal with the 

mockups was to identify problems, needs, and solutions to 

https://balsamiq.com/
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be used as the basis for a refined prototype. Therefore, the 

mockups were used as a common ground for discussion and 

feedback. The next step involved a live demo of the mockups 

with 6 end-users (same participants as in the interviews), 

where they got the chance to both try and give feedback on 

the different views/use-cases. The discussions and feedbacks 

were used as the base for the implementation of a new tool 

called Predict Bid. 

3.2 Evaluation with BRPs and professionals 

Once the user-centered design process was finished, a study 

was conducted with the exact same participants as in the 

interviews. They had first-hand experience with the issues 

that exist when placing bids in particular: structuring and 

planning. In the study, different views/use-cases were 

presented and tested. The aim of the study was to identify 

problems in the design and identify the parts that could 

simplify the work of BRPs. During the study, the participants 

were given 5 tasks that were taken from the persona and 

scenarios, based on use-cases they could face at work. The 

tasks were also used to explore features of the prototype and 

to receive feedback regarding efficiency for further 

improvements. The following tasks were given to each 

participant: 

● Identify a time-serie with no MGA  

● Add several location items to a time-series with the 

name XXX. XXX was a unique name of a time-

serie for each participant.  

● Add a formula item for a derived serie. 

● Add export settings to all series where MBA equals 

SE1. 

● Add client and retailer portfolios to all series where 

MBA equals SE2. 

During the study, the screens were recorded for most of the 

end-users who agreed to it. The reason why not all wanted to 

be recorded, was that they did not want to be exposed to other 

customers, even though a consent form was offered. When 

the users performed the tasks, they were instructed to think-

aloud, and questions were frequently asked by the researcher 

targeting insights, thoughts and functionality. The idea was 

to extract as much valuable information as possible. In 

addition to that, during the think-aloud session questions 

targeting the efficiency, satisfaction and effectiveness were 

asked as well as questions to gain insights into what views 

might be useful in their everyday workflow. For those who 

did not agree to be recorded, notes were taken during and 

after the tests. The tasks were then analyzed in terms of how 

well the end-users performed, reactions to the different 

views/use-cases of the system, what further improvements 

could be done and how well the system could have an impact 

on their work.  

4 THE PREDICT BID UCD PROCESS AND OUTCOME 

In this section the persona, scenarios, mockups, feedback 

received from mockups and the implementation of Predict 

Bid will be presented. In this paper the persona and scenarios 

are presented in order to clarify and aid the reader in 

understand their tasks and context. 

4.1 Persona - Pelle Eriksson, 52, Electricity supplier 

Pelle, who is an electricity supplier, faces many problems at 

his every day work. One of the problems involves the lack of 

both structure and overview for the time-series he is in 

charge off. The time-series might lack information such as 

MBA, MGA or location item. The result could be an 

incorrect prediction. A more beneficial way would be to have 

a structured view where Pelle can search, filter and find time-

series, but also to identify time-series that are incomplete. 

Pelle believes that a system which allows him to search for 

and fix time-series lacking data would spare him a lot of 

valuable time. 

Before Pelle places bids on electricity he wants to have the 

possibility to make changes to the outcome prior to sending 

it to Nordpool. Therefore, it would be interesting for him to 

get the day-ahead prediction presented in such a way that it 

simplifies his decision making. For Pelle to know that he has 

made the right decision placing the bid, he wants the 

predicted data to be visualized, with graphs and tables to 

simplify his decision making whilst working with it. He also 

wants to be able to alter the data. Another important aspect 

was to have references shown in the same graph. These 

references could, for instance, be the outcome of previous 

days. Pelle stated that he wants an interactive tool to gain 

knowledge and trust about the tool and then at some point 

automate the process. 

4.1 Scenario 1 – Structure of Data 

Pelle signs into the system and looks for time-series that has 

not been mapped to an MBA or MGA as a first step. 

Therefore, he wants to map the time-series to their correct 

MBA and MGA. He evaluates each time-serie and sets the 

correct MBA and MGA. During this step Pelle noticed that a 

location item has not been set for the time-serie, so he 

searches for a specific address and adds several of location 

items inside the MGA for the time-serie. He also notices that 

one of the time-serie is not exported to their internal server 

and sets it to be exported daily to their internal servers. At 

last, Pelle checks the status of the time-serie and sees that the 

data looks correct and valid, and then acknowledge the time-

serie by verifying it. 

4.1 Scenario 2 – Validation of bids 

Pelle signs in to the system and checks for the predicted need 

for the upcoming day. The data is both presented in a table, 

and a graph which would allow him to change the data if 

needed. He adds a reference, which is the outcome from a 

day ago and compares it to the predicted need. He then sees 

that the bid seems correct and valid and then accepts it. The 

bid is then sent to Nordpool. 

4.2 Mockups 

The mockups consist of two parts, the structure of data 

(4.2.1) and the validation of bids (4.2.2). 
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4.2.1 Structure of data 

The mockups were based on the persona and scenarios, 

which involved multiple views. A big part of it was the table 

view, which involve data of time-series that can be 

manipulated in ways such as searching, filtering and sorting. 

The idea behind the table view was to provide the users with 

a fast overview and better structure of time-series. Because 

these time-series contain large amount of data it was difficult 

to present all of it in a table.  Therefore, a more detailed view 

was included where all the data for a time-serie is visualized. 

In this phase, two types of time-series were identified 

observations (historical data) and plans (based on the 

observations) and involves predict items. As earlier 

mentioned the predict items is a priority list displaying 

prediction methods that will be used for a plan.   

4.2.2 Validation of bids 

The idea for validation of bids, was to provide the users with 

a view where they could confirm that the predicted outcome 

is good. Therefore, a table was combined with a graph 

involving the predicted outcome along with references such 

as bid for previous day and base. The base can be used if the 

user makes changes to the bid and want to restore it to the 

predicted outcome. Since BRPs places bids based on MBA, 

only one MBA at a time was displayed.  

4.3 Feedback on mockups 

Feedback from end-users lead to helpful and crucial 

information in regards to design changes, and the need for 

further views/use-cases. A feedback mentioned was to show 

underlying time-series (the connection between a plan and its 

observation), which they considered being useful in order to 

minimize the time to find historical data for a plan. Another 

feedback was regarding customized series or so-called 

derived series. A derived serie is an addition and/or 

subtraction of existing time-series, and one of the end-users 

said: “It is a common case to use derived series to subtract 

industry customers from a time-serie and forecast them 

individually”. Further, two of the end-users faced difficulties 

in the mockup to find incomplete time-series, for instance, 

where either MBA and MGA was missing. This indicated 

that something had to be changed until the implementation, 

and two of the most convinient feedbacks was “put it in as a 

filter” and “highlight it in the table in some way”. 

Additionally, an interesting part mentioned by the end-users 

was to show individual prognosis of time-series, for instance,  

showing the observation and its plan in the same graph. This 

was mentioned to be good in order to quality assure that a 

plan is relatively close to its observation, meaning good 

predictions. At last, one of the end-users mentioned that they 

were not looking at the same data that was being presented. 

An example was mentioned to be that they look at MBA code 

(code that defined the MBA) in Sweden, meanwhile in 

Norway they look at the MBA.  

As for the validation of bids the end-users mainly talked 

about references, which can be compared to the bid. These 

references could be the outcome of previous days or weeks. 

They also mentioned that they wanted weather for the 

upcoming day to be visualized in the graph, because the 

demand might change due to weather. Therefore, by showing 

the weather, it could support the outcome. Users stated that 

they found the graph useful, but they would also like to see 

references for the calculations, for instance, showing the 

outcome of different predictions methods. The calculations 

can be very different from company to company, but it was 

a common practice for the users to look at several references 

to get a better understanding of the outcome. 

4.4 Implementation - Structure of data 

This chapter involves the implementation and explanation 

about the views/use-cases implemented in this thesis.  

4.4.1 Table- and detailed view 

In the implementation phase, a major part was to create a 

table that could, for instance, be filtered or changed to give 

the end-users the opportunity to easily filter away 

unnecessary data in the table. In the table view, a module was 

implemented, which allows the end-users to create 

customized settings (selecting table attributes), but also 

which of these attributes they want as filters. The reason 

behind it was that the end-users could be looking at different 

types of data. Therefore, the customized filters and table 

settings could be set individually for the end-users to create 

a more customized and efficient table view based on their 

needs. To gain the attention of the user, an indication was 

added in the table indicating that something was wrong for a 

time-serie. The indication was by coloring a table row the 

color red. It was added where either MBA or MGA was 

missing. Another way to identify incomplete time-series was 

added in the filter section, meaning that a filter was added for 

MBAs and MGAs which was not set. Thus, there is a few 

ways of setting the MGA and MBA in the system, where the 

users can choose one of the following ways: 1) individually 

select one or more rows in the table by opening the context-

menu (a right-click with the mouse), and 2) do it from the 

detailed view of a time-serie. In the table view, the users can 

select time-series and then choose to do multiple changes to 

all the selected time-series simultaneously. The multiple 

changes could involve adding portfolios, MBA, MGA or 

exports. In this way, instead of going through a time-serie 

one-by-one, the end-users could filter out data, select rows in 

the table and make changes to the rows simultaneously, thus 

saving time and effort. 

In the detailed view, the main idea was to give the user the 

possibility to see more detailed data for a specific time-serie. 

The reasons behind the detailed view was to visualize 

everything for a certain time-serie, so the user can make 

changes and get a better understanding of its origination.  

Another reason was that it was very difficult to display a lot 

of data in a table and at the same time provide the user with 

a user-friendly interface. The detailed view had an additional 

important feature to assist the user to understand the data - 

the graph module, see figure 2. The graph module can either 

contain previous values of an observation and/or the 

predicted value of a plan. In addition to that, there are three 
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different scenarios identified for the detailed views since 

there are three types of time-series; incoming (observations), 

derived and plan series. The derived series has the same 

modules as the incoming series, except that derived series 

have a formula module, or so-called formula items, which is 

further explained in 4.4.3. The plan series (outcome), 

includes the predict items and the underlying observations. 

An important aspect for the end-users was the possibility to 

“peak” into an observation serie from a plan serie or vice 

versa. This would allow the user to navigate between the plan 

and the observation of the plan. Furthermore, if a user 

changes an observation then all the plans based on the 

observation will also be altered in terms of portfolio items, 

location items, MBA and MGA. In addition to that, keyboard 

navigation was added to the table and detail view. This was 

made possible by binding left key to the table view, right key 

to the detailed view and up and down to navigate within the 

table. The idea was to make it possible for the user to use the 

filters, then select a time-serie and navigate between the 

result in the table or detailed view. 

4.4.2 Export items 

An export item function was deemed by end-users to be 

necessary and therefore implemented. In the prototype, the 

idea behind it was to give the user the possibility to export 

the time-serie data to their internal servers. This can, at a later 

point be used by the end-users for internal purposes such as 

statistics. 

4.4.3 Formula items 

A module included for the derived series was formula items. 

Formula items represents a structured set of how time-series 

are being calculated and was mentioned by end-users to be 

used when creating customized forecasts for industrial 

customers individually. Therefore, these time-series are 

called derived series and contains the module named formula 

items, showing the BRPs how the derived serie is being 

calculated. As earlier mentioned, it can be either by addition 

and/or subtraction between multiple time-series. As figure 3 

shows, the derived serie is based on addition between two 

time-series. The graph icon would display the outcome for 

that certain formula item (a time-serie) to be previewed in a 

graph module, while the number 1 represent multiplier, and 

the green plus icon represent addition. 

 
Figure 3. The formula for an existing derived serie. 

4.4.4 Predict items 

A module similar to the formula items was created for plan-

series, which was named predict items. The predict items are 

displayed in a priority list, which basically represent the 

order a plan serie is being forecasted. For instance, if option 

1 fails, then try option 2. These predict items can vary a lot 

from more advanced (artificial intelligence) to more basic 

references such as outcome from 7 days ago. The user could 

also switch between the pre-selected prediction methods or 

to compare different results of forecasts in a graph.  

4.4.5 Location items 

Location items are an interesting part of the prognosis phase 

for a variety of reason. The main reason is that it can be used 

by mapping the location (longitude and latitude) of a time-

serie to the weather prognosis APIs for SMHI or YR. 

Location items were implemented with Google Maps API 

and provided the user with the possibility to add, remove and 

move markers on a map. Another functionality that was 

implemented, was to give the end-users the possibility to 

search for a specific address, and the location of that address 

would instantly be added to the list of location items.  

4.4.6 Portfolio items 

A module for portfolio items was also added, with the main 

idea to connect a time-serie to a client, retailer and Nordpool 

portfolio. In this way, it would be easier for the BRPs to 

Figure 2: The graph module for a plan serie, involving data both for the plan (light blue) and its observation (black). The red area 

is weekdays, while the green represents the day-ahead. 
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create customized filters for the portfolios, where they can 

select to look at clients individually, but also to quickly 

identify where the time-series belong. 

4.5 Implementation - Validation of bids 

The validation of bids contains the same basic theory when 

it comes to filters or switching between a table and graph as 

in the mockups. One thing that was changed from the 

mockups to the implementation phase, was to add references 

in the graph so that the user could gain more trust in the bid, 

and to know that a good decision was made. Exactly which 

references that was important to the end-users is further 

explained in the study in chapter 5.2 and will be further 

discussed in chapter 6.2. The end-users also requested a 

feature that showed the weather for the upcoming day, which 

was included in the implementation.  

5 RESULTS 

This chapter consists of information extracted from the main 

study which was done together with 6 end-users. In the main 

study, the final prototype was evaluated. It contains structure 

of data (5.1), validation of bids (5.2) and additional support 

of the system (5.3). 

5.1 Structure of data 

In the study, there were several thoughts that kept occurring 

for the end-users. It was mentioned by the end-users that they 

are limited when it comes to structuring and refining time-

series today. This was said to be because they had to go 

through a tedious and time-consuming process in order to 

make changes to the time-series. Because of this, it was 

uncommon that they adjusted incomplete data, simply 

because they did not have time to make changes. As an 

example of how this has to be done, they had to 1) download 

the data from a server, 2) insert and format data into an excel 

sheet, 3) make the changes and then 4) upload it once again. 

They had to go through this process even for small changes 

to adjust, for instance, MGA and MBA. Something that the 

end-users had problems with was to find time-series lacking 

data in their work today. One of the participants stated: “we 

do not have a good overview of the time-series we are in 

charge off” and another one said “it is hard to spot 

difficulties when they are not presented for us”. In the 

prototype on the other hand, the user could filter on 

incomplete time-series lacking either MBA or MGA, and 

quickly change it. This action could also be applied to either 

one or multiple time-series simultaneously and received very 

positive reactions from the end-users. Therefore, according 

to the end-users, the table view was mentioned to be 

functional and effective in order to find and resolve 

incomplete time-series. 

In addition, there was another thought that kept reoccurring 

- it was when the end-users previously had done prognosis, 

the time-serie could lack a location item. This would mean 

that the time-serie data was not as accurate as it could be. The 

end-users said that it would be likely for them to add several 

location items to each time-serie because of its simplicity to 

add them in the prototype.  The reason to why the BRPs 

showed interest in the location items, was said to be because 

multiple location items could lead to more accurate 

prognosis. Since the location items are mapped to weather 

prognosis, multiple ones would cover a broader grid, 

meaning that the weather prognosis for that time-serie would 

be more accurate. The way it was done today was through a 

tedious and time-consuming process, where the BRPs had to 

deal with the following steps 1) open Google Maps, 2) search 

for an address, 3) copy the longitude and latitude, 4) place it 

in an excel sheet and then 5) upload it to a server. Because of 

this cumbersome process, this was rarely done. The end-

users also argued that the better forecasts and more accurate 

data could lead to a better outcome and a lowered energy 

imbalance.  Furthermore, 100% of the participants involved 

in the study answered that they were determined that the 

views/use-cases could simplify their work by getting a better 

overview, simplified adjustments, and could result in the 

time-series containing more accurate data.  

In the detailed view, there was a graph-module which 

consists of both the plan and its observation, see figure 2. The 

BRPs found it interesting because they could see the 

forecasts for a time-serie individually instead of seeing the 

outcome for bidding areas altogether. The graph-module was 

also mentioned to be a module that could be utilized by the 

BRPs to quality assure that the time-series has resulted in 

good predictions. The outcome and the observation could 

then be compared, which the BRPs found very useful, since 

they easily could identify whether an outcome is relatively 

close, meaning good predictions. During the study it was 

found by an end-user, partly thanks to the customization of 

the table, that the prototype could be used for other user-

groups; analysts and administration. In the prototype, the 

analysts could quality assure time-series, which was not 

really intended at all, but became much clearer after the 

study. It was mentioned to be effective, since they could 

analyze the well-being of the time-series, in terms of it 

having appropriate predictions. Furthermore, in the detailed 

view, there was a module called Status, see figure 4. The 

status module contains an attribute called “continuityIndex”, 

which represent if the system contains all data within a 

certain period, where 100% represents that all data exists. 

This could then be used by the analysts to figure out why data 

is lacking. It was mentioned that the customized table 

attributes and filters would be effective in the sense that they 

can add continuityIndex as a filter, and then filter out all 

time-series which has a continuityIndex less than 100%. This 

way, they can find and examine the time-series that lack data 

to resolve the issue. The status module also contained an 

attribute called “Verified By”, which shows if a user has 

verified that the data is correct and valid for a time-serie. It 

was mentioned by the end-users that it would be an excellent 

way for them to both work with the administrative people 

and their co-workers in a cooperative way. The users could 

then add the attribute Verified By as a table filter, and then 

choose to display time-series which have not been verified. 
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This way, they can go through and verify them once they 

have checked that valid data exists.  

 

Figure 4. The status module of a time-serie, which involves 

status information for a time-serie. 

Another interesting view/use-case for the end-users was the 

possibility to create customized series, a so-called derived 

serie based on an observation. This was said to be done in 

order to get more detailed and precise predictions, for 

instance, as earlier mentioned in chapter 4.3, a derived serie 

is an addition and/or subtraction of time-series. The derived 

series were found very interesting for the end-users because 

they could divide the time-series and forecast the industry 

customers individually. The main reason behind it was that 

the industries could be closed, meaning, that the predictions 

most likely would be wrong if they do not separate it from a 

time-serie and forecast it individually. Furthermore, one of 

the participants said: “We could forecast them individually, 

since they might be closed some dates. Then we can 

inactivate them on those dates”. This way, the end-users 

could achieve more accurate forecasts. 

Finally, the BRPs thought that predict items, which is a 

priority list showing in what way a time-serie will be 

forecasted, was found useful for them. Especially since they 

could compare the outcome between different prediction 

methods, and therefore, they can see if a prediction was 

relatively close to other prediction methods but also to 

change prediction method if desired. The end-users 

mentioned it to be an effective way to optimize time-series, 

because some of the time-series might fit better with other 

prediction methods. 

5.2 Validation of bids 

An interesting thing that an end-user said was “the idea of 

comparing the final bid to references”. Therefore, an idea 

was to look deeper into the area to identify which references 

that the BRPs considered to be “good” ones that they would 

like to compare the bid to. The end-users answered that the 

following references was reliable as references: 

● Values for previous days (for instance one, two or 

three days back.) 

● Values for previous days with similar weather and 

calendar information (for instance, same weather 

the same month last year) 

● Values for a day with the same weather, maybe 

Monday two weeks ago etc. 

● Values for same weather in the same bidding area. 

The references were mentioned to be beneficial for the BRPs 

for various of reasons, for instance, that it could be used to 

support the bid, which essentially could lead to better 

decision making for the BRPs. Furthermore, it could be used 

for the BRPs to understand why a bid resulted in such way. 

However, not all the references stated above were mentioned 

to be accurate in all times. One reference could be inaccurate 

when drastic weather changes would occur. Therefore, it was 

mentioned to be misleading to look for values for previous 

days. This was because, in Sweden, the weather can change 

a lot from day-to-day, and it could result in very different 

outcomes. In these cases, the better reference was mentioned 

to be values for previous days with similar weather and 

calendar information. However, values for previous days 

could be complimented by showing weather information – 

then the end-users could see why a result ended up in a 

certain way. 

5.3 Support to find problems in the system 

For the system to gain credibility among the end-users, they 

wanted a way to know whether the system has detected a 

problem. The problems were mentioned to be when either 

predictions or incoming values lacks data. This is something 

they referred to as alarms or notifications. It could be used 

by sending an email notification when problems had 

occurred, so the end-users can log in and resolve it.  This was 

also mentioned to be a way of quality assuring that the time-

series were working as excepted.  

6 DISCUSSION 

This chapter contains discussion about the study involving 

structure of data (6.1), validation of bids (6.2) and support to 

find problems in the system (6.3). Furthermore, in chapter 

6.4 the method criticism is presented and at last, chapter 6.5 

involves suggestions for future work. 

6.1 Structure of data 

In this thesis, one question that was examined involved the 

problematic way of placing bids today, or most likely, what 

difficulties the end-users face in their daily work. It has been 

shown that the need of a structure module is desirable among 

the end-users, but also that many of the BRPs lack structure 

and overview for the time-series they are in charge off. 

Therefore, providing them with an improved overview and 

structure over the data that they are in charge off will not only 

lead to more efficient work, but also better predictions and 

reduction of the energy imbalance. This could be because the 

BRPs would be able to see what happens in the automation 

process with the time-series and might therefore be able to 

adapt the prototype into their daily routines. In [32], they 

found that systems using automation, will need some sort of 

suitable design interaction to fit into the users’ daily routines. 

This is also something that was found in this thesis, that 

automation system requires good interactions for the end-

users to adapt to it. A finding was that systems using 

automation should notify the users when a problem occurs – 
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this could make the system more credible among the users. 

Further, it showed to be useful to use similar tools and 

functionality as the users are used to, for instance, the table 

view could represent the way of using excel sheets for the 

BRPs. A potential solution to the problems of placing bids 

could be by using the table and detailed view introduced in 

this thesis. The end-users would also need a common system 

for cooperative purposes, where they can adjust and keep 

track of the well-being of the time-series at all times. This 

could be done by combining the introduced prototype with 

alarm settings. It would make the system more credible in 

terms of making the end-users conscious about what goes on 

in the background. In [33] they discussed whether the manual 

processes users work with are sustainable in the long-term. 

An indication found in this thesis, is that the manual 

processes could in fact lead to lowered efficiency in the 

work. However, by providing the end-users with a system 

that automatically collects and visualizes data so that the 

end-user easily could make changes, is something to strive 

for, and therefore, they could engage in other important 

things, rather than trying to make time-consuming changes. 

Therefore, another solution could be to make the system 

more flexible by letting it automatically construct data, in 

terms of setting multiple location items for a time-serie. This 

could be done, for instance if the MGA is known to the 

system, which could select multiple and appropriate location 

items inside that MGA and use it in the forecasting phase. It 

could also be by looking at where the weather differs the 

most in the MGA and select those as location items. This 

way, the end-users would not have to be concerned about 

adding location items for each time-serie. Therefore, the 

entire process of adding location items would be eliminated. 

This could also be applied the other way around. For 

instance, if a time-serie has a location item, but no MGA or 

MBA, the system could try to figure out both the MBA and 

MGA since the location items will exist inside the MGA. 

This way, the end-users would not have to worry about the 

time-series lacking crucial data in the forecasting phase. 

A module that was interesting and useful for the end-users 

was the table view, especially since the module could be 

customized. The customization includes self-selectable table 

attributes, which basically means that the users could select 

exactly which part of the data they want to be displayed in 

the table. Not only could the users set the attributes in the 

table, but they could also set which of these attributes they 

want to act as filters. In this way, the system could become 

more flexible and give the end-users the opportunity to 

optimize the view based on their needs. The reason to why 

the self-selectable table attributes and filters is valuable for 

the end-users, is because they look at different data. This is 

one of the reasons why the self-selectable table view is very 

efficient. Another reason would be that it has opened up for 

other user-groups; analysts and administration. In this way, 

                                                           
4 Intraday Market - https://www.nordpoolgroup.com/the-

power-market/Intraday-market/  

the analysts can examine the well-being of the time-series, in 

terms of having correct data, but also to quality assure that 

the predictions made are reliable. Furthermore, the filters in 

the table view was mentioned to make it easy for the end-

users to look at time-series for a certain MBA to quality 

assure the accuracy of bids within it. Another major part of 

the filters was to find incomplete time-series, since it 

simplified the process of finding them. This could be done 

by selecting all time-series lacking a certain MBA and 

resolve the problem. The detail view made it possible for the 

users to go through time-series, to check for the well-being 

in terms of it having accurate forecasts. This could be by 

comparing the observation with the plan. One of the more 

regular problems to inaccurate forecasts might be that not 

enough historical data existed for a time-serie. Another 

problem could be that problems occurred in the modelling 

part, which could have led to inaccurate predictions. By 

having the possibility to look further deep into the time-

series allows for data-mining and could give the end-users 

the possibility to ensure that more accurate predictions are 

being made. 

The derived series were found useful when it comes to 

individually forecasting industry customers. Because it 

would be impossible for the system to know whether an 

industry is closed or not, unless a lot of data has been stored 

and involves the same closing dates. Another interesting part 

was to investigate how these derived series could be used in 

other ways and Nordpool stated4: “Wind power is 

unpredictable by nature, and imbalances between day-ahead 

contracts and produced volume often need to be offset”. 

Therefore, the BRPs could use these derived series 

involving, for instance, wind to place bids on a market called 

intraday market. The intraday market is often used as a 

supplement to the day-ahead bids to secure a better balance 

between supply and demand. At the intraday market the 

BRPs could place bids approximately an hour before it is 

being used. Meaning, they could ensure a more accurate 

outcome by having better weather forecasts. A downside of 

creating derived series would be more time-series for the 

end-users to work with. However, it would be beneficial 

since the predictions could be more accurate, which would 

result in a better outcome. This would also result in a lowered 

energy imbalance, which essentially could result in 

numerous of positive things for our society. First and 

foremost, electricity producers could rely more on forecasts 

and can therefore, use more solar and wind energy which are 

weather dependent. Nonetheless, it would be beneficial in 

terms of economy for the BRPs who would save money, due 

to the improved accuracy of predictions. Better forecasts 

would also lead to less actors involved in the process, which 

could lead to cheaper electricity for the electricity 

consumers. 

https://www.nordpoolgroup.com/the-power-market/Intraday-market/
https://www.nordpoolgroup.com/the-power-market/Intraday-market/
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6.2 Validation of bids 

In quality assurance of a bid, it was found that references are 

something that might lead to better decision making in terms 

of giving the end-users support for a bid. The references 

presented in the final study (chapter 5.2) could be used to 

give the final bid support and make the end-users feel more 

comfortable. By giving the end-user the opportunity to select 

which references they want to compare with the bid could 

lead to improved decision making and could also increase the 

credibility of the prototype. From a futuristic point of view, 

these references could be customized for each user. Simply 

asking the end-users whether a bid without support is good 

is practically impossible to answer.  Therefore, a main aspect 

to quality assure a bid for the end-users is the possibility to 

do comparisons with relevant references. Even though the 

references can act as support, a few of them can in fact be 

misleading and not helpful at all. The reason could be, take 

for instance, Sweden, where the weather can vary a lot from 

day-to-day and therefore would not be as valuable at all to 

look at weather for previous days. However, this is 

something that could be complemented by visualizing the 

weather prognosis for the upcoming day - which will give 

the user additional support. However, one of the better 

references would be to look at values for previous days with 

similar weather and calendar information. For the references 

to be as accurate as possible, it is important to store weather 

and time-serie data for a longer period to have support in the 

comparison independent on the weather.  

6.3 Support to find problems in the system  

An interesting part was to examine which things were 

lacking in the prototype but would make the end-users feel 

more secure. Since the system will replace the old systematic 

ways of structuring the data and placing bids, the end-users 

would want to make sure that no problems occur. If a 

problem would occur, and that bids for some reason are not 

placed, people might get fired and leave a lot of people 

without electricity. Therefore, one way of making them feel 

more secure would be to add notifications, in terms of an 

email or text message. A scenario when it would be crucial 

to send a notification would be when a bid is not placed. 

Furthermore, there were few identified scenarios it could be 

suitable for: a) if drastic changes are done to a time-serie, b) 

if it is not changing at all and c) it does not get any new 

values. In this way the end-users could assure that the time-

series are receiving new values, and that the bids are being 

placed. From this, we can say that a user would always want 

to feel secure, which could be done by providing the user 

with relevant feedback about the system. Another finding in 

this thesis, which can be applied to our everyday life, is that 

people want to feel secure when they use technology. In this 

case, the end-user’s job could be at stake and therefore, these 

notifications could be a way of providing them with security.  

6.4 Method Criticism 

At the beginning of the UCD-process, it was very hard to 

extract and find as much information as possible regarding 

needs. This could have been because the BRPs had no idea 

about what they really wanted or needed. In this stage it 

would have been more interesting to have a workshop 

together with multiple end-users, to gain more insights 

altogether and let them discuss around the problems. This 

was not done in this thesis because the researched area 

involves a lot of company secrets, meaning, that the end-

users would not want to share information with each other. 

The further into the thesis, especially once the mockups 

based on the persona and scenarios were created – was when 

many ideas, feedback and input came. This is when the 

project really started to bloom. From there a lot of useable 

ideas grew.  Furthermore, in the study not all of the end-users 

were recorded due to different personal reasons. This means 

that the outcome might not have been as efficient as it could 

have been with all the participants being recorded during the 

study.  

6.5 Future work 

One interesting thing would be to see whether the structure 

module has given more accurate predictions, but also to see 

whether the imbalance has been reduced. This can be done 

by collecting data for a longer period and then compare the 

outcome of the prototype with outcome for the previous 

process. Another thing that would be interesting is to 

implement alarm options by sending emails that notify the 

user when a problem has occurred and see how the users 

respond to it. In this way, the system can work more 

transparently, meaning that the user would not have to log in 

to the system to check for errors – and the hypothesis is that 

the prototype will result in more accurate predictions. 

7 CONCLUSIONS 

In this thesis, a more explorative approach has been used to 

gain knowledge within the problems in structuring time-

series used to place bids on the day-ahead spot market. 

Different views/use-cases was created and showed to be 

helpful and useable for the end-users. It has been found that 

the problems of placing accurate bids today are mainly due 

to the lack of structure, overview and time-consuming ways 

to make adjustments of data. The different views/use-cases 

have received very positive feedback from the end-users. It 

has also been found that all the use-cases/views presented 

might be useful for the end-users in terms of a) getting a 

better overview of the time-series, b) to quickly identify 

incomplete time-series, c) giving the end-user the availability 

to quality assure the time-series, and finally d) lower the 

time-consumption of making changes on a time-serie. By 

structuring the data according to its context, it might result in 

the end-users minimizing the imbalance which would result 

in a more stabilized system frequency, meaning that the 

amount of disconnections and power blackouts will decrease.  

Another finding was that an important aspect in manual 

quality assurance of a bid was to use references as 

comparisons to the final bid. This along with weather 

prognosis as support in the same graph as the final bid – since 

this is something that could simplify the decision making for 

the end-users. 
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