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Abstract 
The society is going through transformations in several dimensions at the same time. The energy 

system is moving towards renewables and reduced resource intensity. Market structures are 

gradually changing, and new actors emerge to compete with incumbents. Digitization creates 

fundamentally new conditions for everyone. Cities are being reimagined and are driving much of 

the transformation. Energy optimization becomes a heated topic for the whole society. This thesis 

research collaborated with the company SWECO Energy Strategies group investigates one part of 

energy optimization: proposing different possible scenarios of combining different types of 

buildings in a city block to urban designers and real estate company. The objective of this research 

is to find out the suitable combinations leading to an evener and lower demand profile from the 

perspectives of energy supply and the grid. This thesis project will try different methods to identify 

the most promising combination of various functioned buildings and develop a new methodology 

to solve the similar cases. A city block with either several types of building or single type of 

building can have an even and low energy profile. Moreover, there isn’t a definite relationship 

between the flatness of energy profile and the correlated amount of total demand. In this project, 

different scenarios are created and tested by the assistance of Python programing language and 

Solver installed in Excel. Through a series of tests and analysis, the best case is found with the 

most area of residential buildings. Qualitatively economic analysis is done, proving that an even 

energy profile is conducive to the cost-saving. Through the conducted case study, a general 

methodology is developed, which facilitates urban designers to  design similar projects to some 

extent in the future.  

Keywords: Energy system, building combination, energy optimization, grid, city block, economy, 

methodology, Python.  
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1 Introduction 

Energy is everything—and nothing is solid, which is the most fundamental tenet coming from 

quantum physics. This also can be applied to a city, district or even a single-family house, for 

energy is everything and in flux, including kinetic, electric, thermal and so on. Everything 

happening in our life is increasingly connected with energy, not only for its indispensability and 

dynamic vibrancy from the perspective of cultural sense, but also from the sense of how they shape 

the special and energy system by utilizing various energy technologies.   

Nowadays it’s an inevitable trend for the whole world energy system to shift from old-style 

centralized energy structure to a more efficient, ubiquitous and interconnected energy markets. An 

obvious and sharp change happened since the late 2000s for the cost reduction of renewable energy 

systems including their production, which has greatly boosted the utilization of renewable energy 

on a large scale. For instance, the cost of solar PV power generation is going through a huge 

reduction process, reaching USD 0.03/kWh or less by 2019 [1]. As the following  tells, all the 

renewable energy technologies continually fall into competitive range [2]. According to a research 

investigation, during the decades since 2006, there are almost 660% more wind power and over 

5000% more solar power (photovoltaic) installed now. Moreover, the worldwide investment has a 

similar huge growth with the renewable energy installed capacity mentioned before, which 

increased from 113 to 242 billion US dollars between 2006 to 2016 [3]. All these changes explain 

the reason for the significant progress of energy transmission from traditional to renewable energy 

utilization made by the government, community and individual’s efforts.  

 

Figure 1: Recent cost evaluation of certain renewable energy sources [3] 
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Electricity is the most versatile and crucial innovation and has brought tremendous convenience to 

mankind, leading human to an entirely new and bright era at the beginning of 19th century [4]. The 

moment that electricity was discovered and started to be utilized, was the moment that the whole 

world changed. In current society, electricity plays a vital role in functioning people’s life, 

including every aspect, like cooking food in an easily controlled electric burner, gaining knowledge 

via some electric smart-devices within a matter of seconds, contacting friends or calling for 

emergency help no matter when and where etc. Without electricity, life would not function at all 

and breakdowns in transportation, infrastructures, medical help, even food and water supply and 

delivery would happen instantly. Nevertheless, even though without it human can survive a 

thousand years ago, the living quality is extremely low, and the possibility of human race prosperity 

is unlikely.  

Ever since electricity started to be produced, another question emerged: How to supply electricity 

constantly and stably and then meet costumers’ demands? At this point, the electric power grid was 

designed and put into use, which is one of the largest structures made by humans and the most 

critical necessary infrastructure so far for the nowadays technology-dependent environment to 

provide power. Electricity consumption can be predicted and tracked through monitoring systems, 

but does include some unpredictable fluctuations [5]. Energy suppliers are trying to develop 

sophisticated ways to better supply energy by tracing actual energy consumption then analyze their 

changing trend in a day, week, season and year in order to keep the balance of power production 

and consumption.   

Cities are formed of smaller units – Districts. These are logical partitions of the city, usually 

originating from how the city was formed throughout the years. In a modern sense, it may also be 

considered as a physical entity consisting of not only buildings but energy infrastructure with 

strongly and sophisticatedly bundled parts, such as the series of energy production and utilization 

processes, distributing networking, electricity supply, energy storage systems, thermal energy, etc. 

Once a smart and energy-efficient energy system is designed and then built in a district, a city, a 

country even the whole world would be benefited in the end.  

In order to reduce the load strain on the grid, to form a self-organized and self-regulated energy 

system with the combination of various types’ of buildings and components of energy supplying, 

delivering and producing process, would be the top issue for achieving the higher level of energy 

autarky [7]. 

As the growth of immigrants from rural areas to cities and the industrial revolution, urbanization 

and modernization become a natural development process for most countries (especially for 
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developing countries) in 21st century, which brings some benefits but too much of it would be 

detrimental, such as overcrowding and uneven energy management. Nowadays, the development 

of how to design green building becomes an urgent issue for all the urban city blocks with a group 

of various-functioned interconnected buildings.  

The concepts of sustainable development and future urban planning are not innovative and new, 

the technology aspect of which has been discussed and investigated by a large number of 

researchers, architects before 2000 [8]. Nevertheless, how to quantitatively combine buildings with 

different functions in a district still hasn’t been systematically studied. The thesis project has been 

carried out within the context of a broader assignment from one of the largest engineering 

consultancy company SWECO to investigate options and constraints in implementing innovative 

solutions for energy systems integration and business models in a planned new city block in 

Uppsala, Sweden. From Sweco’s perspective, there exists a rapidly growing demand for city block 

level integrated energy systems where waste energy, such as low-grade heat, is harvested. 

Since the Sustainable Development Goals (SDGs) were adopted by the United Nations in 2015, it 

gave the whole world a chance but also a huge challenge to pursue equality and sustainability in 

the next 15 years  [9]. While the 17 goals cover a wide range from ending poverty to promoting a 

prosperous society, there are quite a lot of goals that could be achieved by green buildings, and in 

fact, they have already been contributing to it in a crucial way. According to , the infographic 

below, obviously green building plays a significant role in achieving sustainability because almost 

half of the 17 goals (including well-being, energy and environment, economy and society) show 

that green building is an effective and real catalyst to solve some globally pressing issues.  

 

Figure 2: The infographic of the relation between SDGs and green building [10]
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2 The aim of the thesis 

This project is aiming to give urban designers insights about how to optimize the energy system in 

a city block level (Considering energy demand, consumption, grid capacity, economics and etc.). 

The essential content of optimizing energy system is to use less energy. However, in this project, 

due to the limited time and available resources, in addition to the required researching depth of the 

thesis project, the topic of energy optimization must be scaled down into one aspect. From the 

perspective of urban designers, how to design the energy system (innovative technology utilization, 

technical ways to supply energy) for a district isn’t the main focus of this project, but how to 

interconnect different types of unbuilt buildings (Residential, commercial, official buildings and 

schools) in a limited area with the least energy demands and cost in the easiest way. Low and flatly 

changing demand can be conducive to grid operation. Therefore, the ultimate goal for this project 

is to find a combination with lower and evener energy profile for a district. Demand changing 

graphs are used as the main tool to analyze the results, showing the results directly and make the 

data considerably simpler to interpret.  

The thesis project would include the following elements: 

➢ Literature review on the current state of the art of solutions to reduce demand, own 

generation and energy storage option. This would also include an overview of the regulatory 

environment (particularly for electricity) with an emphasis on issues which may constitute 

barriers for certain options. 

➢ Development of a simplified model in IDA ICE based on base scenarios given by client 

and sample house types provided by SWECO. 

➢ Simulation of different cases to find suitable solutions and identify necessary trade-offs in 

designing the building energy system to be low in both energy demand and peak capacity 

needs while meeting the needs of tenants (both commercial and households). 

➢ Analysis of what combination of parameters (energy supply sources, energy conversion 

systems, energy storage, physical size as well as other aspects, etc) could provide the 

optimal system for the city block in terms of energy savings, reduced peak capacity demand 

as well as overall economic value. 

➢ Presentation of results to KTH Energy department of technology and SWECO Energy 

System team. 

➢ Writing of a thesis report. 

 

The final results of the project should give helpful solutions and answers to the readers by 

concluding and developing the whole process and results into structured methodology which may 
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be used for other similar cases. Therefore, this thesis can be broken into several key research 

questions: 

➢ How to find the BEST combination of various buildings (how much percentage of each 

building area in a whole district, and what methods can be utilized) leading to lower and 

evener energy profile?  

➢ Are the results convincing and solid enough for people to use? 

➢ What limitations exist when using the methodology developed through the case study?  
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3 Background 

This chapter would introduce the background theories, some important concepts’ explanation and 

previous researches needed to understand the project. An overview of the Uppsala project and the 

findings of literature review are also stated through the following subsections.   

 

 STOCKHOLM & Uppsala in brief 

Sweden, being one of the biggest countries in Europe by area (the 3rd largest country ranking in 

European Union) featured by its long coasts, large areas of forests and plentiful lakes, is sparsely 

populated with only 10 million population in total (Stockholm 2.3 million) [11]. Now Sweden’s 

population is going through a rapid increasing period. In other words, this growth puts some 

pressure and load on the country to take some measures in order to meet the dramatically rising 

demand. According to the GDP per capita (Gross Domestic Product) ranking for all the countries 

in the world, Sweden is the sixteenth richest country , a highly developed country and provides 

extremely high living standards: (modern and convenient life) for the citizens.  Uppsala is the fourth 

largest city in Sweden, 71km located away from the north of Stockholm. 

For the energy utilization in Uppsala, the main energy sources who have the greatest potential for 

energy generation locally are wind power and solar, as well as bio energy, such as forest fuels and 

crops in the surrounding municipalities. However, the largest limitation of utilizing most renewable 

energy sources is intermittency. Solar and wind energy are not always continuously available that 

meets the energy demand all the time. According to an energy report made by Uppsala municipal 

council, solar energy provided around 10-15% of the electricity usage currently. Therefore, 

innovative technologies become necessary, like energy storage, waste energy reuse and smart 

energy management systems. What’s more, waste energy has been widely utilized in Sweden, 

including Uppsala, due to the promoted circular economy and waste energy utilization 

technologies. The recovered heat from various wastes is used for district cooling, heating and 

electricity generation. For example, biogas could be generated from the sewage and food residue, 

which supplies a certain amount of heating. Approximately 95% of residential buildings in Uppsala 

are supplied by districted heating [14].  Lastly, a more extensive infrastructure (smart technologies, 

networks for bio and hydrogen gas) also has been added to the current but traditional energy 

systems, working as the energy supplying and storage systems [15]. The following two figures: 

Figure 3 and Figure 4 from the 2017 Uppsala Vattenfall report [16] present the energy supply and 

delivery situation in Uppsala. Waste is the main source to power Uppsala with 61% of total energy 

supplied, and district heating covers the most share of energy delivery, which explain why Uppsala 

is working well on environment protection.  
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Figure 3: Energy supplied situation in Uppsala 

 

Figure 4: Energy delivered situation in Uppsala 

Geothermal energy isn’t the main energy source in Uppsala. Geo-energy is coming from solar 

energy stored in the ground, which can be utilized to supply heating. This system technology is 

combined with heat pump technologies. Widely speaking, geothermal is one of the most efficient 

and clean energy sources, but not suitable for Uppsala because of the government regulation and 

laws. Protection of the city water supply from the groundwater is the main issue of the 

government’s city planning. Thus, it’s not possible to utilize geothermal energy in a small or large 

scale. Additionally, extended district heating supply also limits the possibility of geothermal 

facilities with borehole wells [15].  
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 Urban Planning   

Urban planning refers to urbanization with its various perceptions and dimensions including 

economic functions, geographical factors, social impact, and physical form. It’s the art of making 

places to make successful development possible. [17] In the late 20th century, the term “Sustainable 

Development” came to describe the ideal outcome of urban planning excluding compromising 

future generations. Nowadays in the 21st century, due to the increasing amount of people moving 

in urban areas, accelerating urban immigration becomes one of the more serious challenges to 

maintain environmental, social and economic balances. To achieve the goals of global 

sustainability, high-quality urban design plays a pivotal role in creating sustainable cities [19]. 

Integrating issues relating to sustainability and various kinds of energy sources, like heat and 

power, into strategic and comprehensive planning are very significant steps for spatial planning 

[20].  

 

 Building energy consumption 

Currently, along with the population growth, the dramatically increased energy use has raised the 

worldwide concern about the energy supply, technology utilization, energy reserves and 

environmental impact, etc. According to the energy consumption tracking report, as more and more 

new buildings are built, building final energy demand increased around 5 EJ during 2010 to 2016, 

while the corresponding energy-efficiency improving measures haven’t caught up with the 

increasing demand for more total floor areas [22]. The building sector is widely considered as the 

biggest contributor to both the total energy consumption and carbon emissions among all sectors 

examined, which are around 36% of global final energy consumption and 40% of total direct & 

indirect CO2 emissions and more than half of the global electricity consumption [23]. Furthermore, 

the share of building energy demand keeps increasing rapidly at the rate of approximately 3% per 

year [24], which could reach 30% by 2060 without any effective measures and actions. This sharp 

growth of building energy demand is caused by improved access to energy for developing 

countries; the increased amount of energy-consuming devices; more and more newly constructed 

buildings in order to accommodate the growing population and much longer time staying indoors 

for occupants etc. [25] The following Figure 6shows the average worldwide energy consumption 

share of each sector. Even though progress and updated technologies towards sustainable buildings 

and a clean world are advancing, the improvements and corresponding solutions couldn’t meet 

current increasing demands in the building sector. Achieving significant energy and carbon 

emissions reduction in the building sector is a challenging but potential and achievable policy goal 
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[26]. Therefore, it’s of great significance to take actions on buildings for their huge potential in 

saving energy. 

 

Figure 5: 2015 Share of global final energy consumption by sector [27] 

There are various ways to categorize buildings, but in this project, buildings are only to be classified 

by functions. According to the given information and data from SWECO, 4 types of buildings 

would be considered: commercial, official, residential and educational buildings.  

 

 Current energy situation 

Researchers at the Swedish Energy Agency gather and conduct all the energy-related statistics and 

publish an overall report of Sweden energy situation and a comprehensive explanation about the 

energy system in Sweden, which consists of three large sectors: Transformation and transmission; 

Supplied primary energy and Final energy consumption [28]. Supplied primary energy are all 

coming from domestic renewable energy sources, such as wind power, hydropower, solar energy, 

nuclear power. The below pie chart in Figure 6 Figure 6presents the amount of electricity generated 

originated from different energy sources. The numbers made directly on the pie chart are the 

amount of electricity generated by each type of energy resource in TWh in addition to the share of 

energy sources supplied to produce electricity in percentage.  
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Figure 6: Electricity generation 2017, TWh [29] 

In 2017, in total 58% of electricity comes from renewable energy resources in Sweden, especially 

for hydropower, nuclear power, which plays a vital role in creating clean electricity [30]. As the 

database from Swedish energy agency states, solar energy has been large-scaled utilized. Since 

2017, the number of solar PV systems connected with grid grown by 67% approximately in just 

one year, whose total installed-power was around 411 MW. Based on the project’s requirement, 

this district would be constructed in 2020, which currently still is on the designing and discussing 

stage. One of the EU energy goals by 2020 is to increase the percentage of renewable energy 

beyond 20% of total final energy use. However, by 2020 Sweden is aiming to reach more than 50% 

renewable energy of the total energy use, which is an even higher target than European standard 

that is not that easy to achieve.  

 

 Energy profile  

Load profile helps to see how the customer uses the energy over time, providing an accurate 

description of the energy usage pattern [31]. Load can mean different things, which is an ambiguous 

term. In most cases, Load means energy (in kWh) or demand (in kW). From the unit difference 

between Energy and demand, it’s easy to understand that demand refers to the load over a certain 

period time [32].  

For this thesis, demand will be the most used concept, which refers to the amount of energy in need 

instead of consumption during some time (a constant time period). Usually, it is expressed in 

charts/tables of the various energy load versus time. The particular time interval used depends on 

the kind of information and results needed. For a specific building or system, the time averaged 

0.2
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power demand is usually presented on the vertical axis while the time, in 

years/months/weeks/days/hours (if possible, more frequently), appears on the horizontal axis [33]. 

After inserting the demand data into a chart, it’s convenient to identify the trends and anomalies in 

specific timeslot along with any start-up and shut down features. For this thesis, the original data 

cannot be used directly according to the requirements of the project, only through some 

mathematical method to convert them into direct data following the calculation formulas showing 

in chapter 4.1. There are several crucial advantages by creating and using energy profile and 

answering the following questions: 

• Did the peak appear when it was expected and/or was it too high for the energy supplying side? 

• Did the demand change reasonably? Did the demand changing trend match the real energy 

usage situation? Was the night/weekend load higher than, less than or equal to the demand 

should be? And why?  

A sequence of analyses will be conducive in order to be able to explain the patterns and demand 

changes by investigating all the significant occurrences, like: Abrupt demand changes, repeated 

patterns, flatness, top 3 peak and valley points and dips during peak periods; discussing the possible 

time or events when these mentioned changes happen, such as the starting and shutting down time, 

FIKA breaks, shift changes, lunch and dinner hours and other notable events. Only through 

accurate and detailed analysis of the energy pattern can a correct conclusion and decisions for 

improving the efficiency and other contributions be made [34].  

With the development of higher standard energy management, reduction of the dependence on the 

grid is also a necessary plan for sustainable development on both energy and financial side. Grid 

dependence is the share of the energy usage coming from the grid. An off-grid building whose 

energy uses all coming from on-site energy sources like solar energy, is regarded as zero percent 

grid-dependence. Higher grid dependence leads to higher cost for the large infrastructure, because 

most utility companies provide a higher billing rate during the peak operating hours, which results 

in taking urgent actions on load shifting [35]. Load shifting is one of the most effective measures 

to reduce grid dependence, which can be achieved by several technologies, such as using on-site 

renewable energy production or by installing efficient battery storage. The following picture Figure 

7 helps to explain how to shift the peak energy use to off-peak periods by managing energy supply 

and demand. Moreover, the more peak points of the energy profile, the greater forcing impact, and 

pressure on the grid. The demand peak only appears in a short time period but the electrical grid 

still needs to have large enough capacity to supply the energy, which is not cost-friendly and also 

harmful for their long-time and stable operation and maintenance [36]. As SWECO required, less 

cost and less pressure on grid stability, finding a good combination of the 8 buildings with 4 

different functions in a city block with lower and more even energy profile can help reach the 
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requirements. Therefore, to the energy analyst and electrical auditor, demand profile is an 

extremely useful and essential tool for tracking energy use and achieve the goal for optimizing 

energy system.  

 

Figure 7: Load shifting description [37] 
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4 Methods and software 

Under this section, diverse methods including the calculation processes with mathematical 

formulas, and software that facilitate the whole research will be elaborated one by one. 

 

 Essential problem 

The key research question is to find the best combination of different functioned buildings leading 

to a lower and evener energy profile. The research question may be converted into an algorithm 

problem. Table 1 describes the unknowns and limiting conditions of this question in a mathematical 

way. Through analytical decomposition of the research question, the main mathematics involved 

in this project are Permutation and Combination problem and Matrix multiplication.  

Table 1: Mathematical problem description 

Unknowns 

(percentage) 
B1 B2 B3 B4 B5 B6 B7 B8 

Constraints 100%>Bn>0%; Sum:(B1:B8) =100% 

Note: “Bn” represents the percentage of the 8 different buildings in this project. The detailed explanations are showed 

in the .Matrix multiplication 

 

𝐷𝐷𝐻𝑊

= [
𝐷𝐻𝑊ℎ11,       𝐷𝐻𝑊ℎ12,      𝐷𝐻𝑊ℎ13,      𝐷𝐻𝑊ℎ14,      𝐷𝐻𝑊ℎ15,      𝐷𝐻𝑊ℎ16,       𝐷𝐻𝑊ℎ17,     𝐷𝐻𝑊ℎ18 

⋮                       ⋮                       ⋮                       ⋮                       ⋮                       ⋮                       ⋮                    ⋮
𝐷𝐻𝑊ℎ87601, 𝐷𝐻𝑊ℎ87602, 𝐷𝐻𝑊ℎ87603, 𝐷𝐻𝑊ℎ87604, 𝐷𝐻𝑊ℎ87605, 𝐷𝐻𝑊ℎ87606, 𝐷𝐻𝑊ℎ87607, 𝐷𝐻𝑊ℎ87608

] 

Formula 1: Hourly demand of DHW for separate 8 buildings 

 

𝐷𝐻𝐸𝐴𝑇 = [
𝐻𝑒𝑎𝑡ℎ11 ⋯ 𝐻𝑒𝑎𝑡ℎ28

⋮ ⋮ ⋮
𝐻𝑒𝑎𝑡ℎ87601 ⋯ 𝐻𝑒𝑎𝑡ℎ87608

] ;   𝐷𝐸𝐿 = [
𝐸𝐿ℎ11 ⋯ 𝐸𝐿ℎ28

⋮ ⋮ ⋮
𝐸𝐿ℎ87601 ⋯ 𝐸𝐿ℎ87608

] 

Formula 2: Hourly demand of heating for separate 8 buildings (Left) 

Formula 3: Hourly demand of electricity for separate 8 buildings (Right) 
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𝐷𝐶𝑂𝑂𝐿 = [
𝐶𝑜𝑜𝑙ℎ11 ⋯ 𝐶𝑜𝑜𝑙ℎ28

⋮ ⋮ ⋮
𝐶𝑜𝑜𝑙ℎ87601 ⋯ 𝐶𝑜𝑜𝑙ℎ87608

] 

Formula 4: Hourly demand of cooling for separate 8 buildings 

𝐵 =

[
 
 
 
 
 
 
 
𝐵1
𝐵2
𝐵3
𝐵4
𝐵5
𝐵6
𝐵7
𝐵8]

 
 
 
 
 
 
 

 

Formula 5: Percentage of each building’ area in a district 

𝐶 = 𝐷𝐵

=

[
 
 
 
 
 
 
 
 
 
𝐷𝐻𝑊ℎ11 × 𝐵1 + 𝐷𝐻𝑊ℎ12 × 𝐵2 + 𝐷𝐻𝑊ℎ13 × 𝐵3 + 𝐷𝐻𝑊ℎ14 × 𝐵4 + 𝐷𝐻𝑊ℎ15 × 𝐵5 +

𝐷𝐻𝑊ℎ16 × 𝐵6 + 𝐷𝐻𝑊ℎ17 × 𝐵7 + 𝐷𝐻𝑊ℎ18 × 𝐵8

𝐷𝐻𝑊ℎ21 × 𝐵1 + 𝐷𝐻𝑊ℎ22 × 𝐵2 + 𝐷𝐻𝑊ℎ23 × 𝐵3 + 𝐷𝐻𝑊ℎ24 × 𝐵4 + 𝐷𝐻𝑊ℎ25 × 𝐵5 +
𝐷𝐻𝑊ℎ26 × 𝐵6 + 𝐷𝐻𝑊ℎ27 × 𝐵7 + 𝐷𝐻𝑊ℎ28

⋮
⋮
⋮

𝐷𝐻𝑊ℎ87601 × 𝐵1 + 𝐷𝐻𝑊ℎ87602 × 𝐵2 + 𝐷𝐻𝑊ℎ87603 × 𝐵3 + 𝐷𝐻𝑊ℎ87604 × 𝐵4 +
𝐷𝐻𝑊ℎ87605 × 𝐷𝐻𝑊ℎ87606 × 𝐵6 + 𝐷𝐻𝑊ℎ87607 × 𝐵7 + 𝐷𝐻𝑊ℎ87608 × 𝐵8 ]

 
 
 
 
 
 
 
 
 

 

Formula 6: Total hourly demand of combined buildings in a district for one kind energy carrier (DHW) 

The following  describes the calculation process with 6 formulas. 

Table 2: Matrix calculation process explanation  

 Symbol  Explanation  Formula Others 

Given data D 

Hourly demand of Electricity/ DHW/ 

Heating/ Cooling for each building 

(W/m2) 

Formula 1 

Formula 

2Formula 

2 

Formula 3 

Formula 4 

1: Subscript h represents 

hour; 

2: Number of 1-8 represents 

the 8 types of buildings. 

Unknowns B  
Percentage of each building’ area in a 

district (100%) 
Formula 5 - 

Results C  
Total hourly demand of combined 

buildings in a district (W) 
Formula 6 - 
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4.1.1 Standard deviation 

The standard deviation is a value to measure how spread out the data are, which is calculated as 

the square root of variance through determining how further of each data is from the mean value. 

The formula is showed in Formula 7 with explanation in Table 3 [38]. The standard deviation is a 

statistic showing how tightly all the data points are gathered or clustered around the mean. It’s an 

especially effective tool or method to measure the volatility and predict the tendency, which 

perfectly meets the main requirement of project – measures the flatness of the energy profile. In a 

word, a high value of the standard deviation indicates the data points are more spread out while a 

low standard deviation refers to a flatter changing curve [39].  

𝑆 = √
∑(𝑋𝐼 − �̅�)2

𝑛 − 1
 

Formula 7: The standard deviation 

Table 3: Explanation of the different letters 

Symbol Explanation 

𝒏 The number of data points: 8760 hours  

𝑿𝒊 Each of the values of the data: hourly data for each type of energy in each building 

�̅� The mean of Xi: The mean of all the hourly data 

 

4.1.2 Permutation and Combination 

Permutation and combination is the most basis of Combinatorics, whose main content is to find out 

the total number of possible cases under the given required conditions. Permutation and 

combination is closely related to the classical probability theory [40]. The difference between 

permutation and combination is significant while people are easily confused about it, and order 

matters in permutation instead of combination. In this project, the inner mathematical question of 

wisely combining different types of buildings is also involved in the Permutation and combination 

problem but not exactly the same. This section will explain how to process the data through 

permutation and combination. 

The three main related mathematical problems in this project are concluded below in three parts.  

The calculation process can be summarized as: 

1. Collect and structure the given data (Hourly energy demand data for 8 different buildings) 

and unknowns (Percentage of each building’s area over the whole district). 
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2. Calculate the total annual/hourly energy demand of a district with different types of 

buildings for each energy carrier (Electricity, heating, cooling and DHW) by following the 

matrix formulas. 

3. Calculate the standard deviation of all the possible combinations for a district with different 

buildings and find out the best combination which has the lowest value of standard 

deviation. 

 

 Software assistance 

4.2.1 Modeling tool IDA Indoor Climate and Energy 

IDA ICE (IDA Indoor Climate and Energy) version 4.8, is the main software used to facilitate the 

project, which is a Swedish simulation tool to model building performance. It is a tool for solving 

dynamic multi-zones and diverse systems to give whole-year simulation results on energy 

consumption for an entire building [41].   

The modeling is performed by firstly adding different zones and then building the body in both 2D 

& 3D versions. Different default parameters, such as location, orientation, local weather, building 

envelope size and so on, can also be input in this software. Moreover, AHU, boilers, heat 

exchangers and other equipment are selected in the software [42]. Since the buildings in 

investigated building block haven’t been built yet, the building models provided by SWECO and 

input data from the clients would be utilized directly in this project. 

For this project, looking for efficient energy-saving measures for the city block in Uppsala, IDA 

ICE is an application to help to breakdown the energy consumption in that block and to enable 

seeing possible future improvements. Different building types with different parameters can be 

modeled in IDA ICE. Thus, the results comparison and analysis between different measures and 

sensitivities would give a final energy-saving solution for this city block. 

4.2.2 SOLVER in Excel 

The solver is an add-in program in Excel, which helps to solve both linear and nonlinear 

programming problems easily by entering the constraints and known conditions of the calculation. 

It’s a useful tool to solve complex statistical modeling, not just what-if problem. For example to 

manipulate multiple data to obtain an optimized result. For this project, a what-if cycle calculation 

is sufficient to do the current calculation. How to minimize or optimize the total energy demand 

by changing the shared of buildings’ areas and taking into account with some specific constraints, 

which is the key problem needed to be solved by SOLVER in this project [43]. 
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4.2.3 Python 

As a new emerging programming language, Python is an object-oriented, literally translated 

computer programming language. The syntax of the Python language is very simple and clear. 

Another powerful feature is that Python inherits a rich class library and can support third-party 

libraries. Because it can support modules and packages, the programming process becomes easier 

and make the code reusable [44]. It is highly portable and basically capable of programming tasks 

that are commonly required. The Python language writes high-quality code with high development 

efficiency and simple syntax. In comparison, C++ or Java usually requires hundreds of lines of 

code while in Python only a dozen lines are needed. Python can completely liberate programmers 

from complicated codes, so Python is also known as the glue language.  

For this project, there are some problems with data analysis and processing. For example, each B 

value (percentage of each building’s area) can be any number between 0-100%, leading to 

countless possibilities of each B value. From the perspective of mathematics, without some 

limitations, such as the number following decimal points and integer or non-integer, it’s almost 

impossible to get the results by manual calculation because the number of possible combinations 

is too large. Thus due to the difficulty on processing tremendous amount of possible cases in need 

of analysis, Python was selected for assisting the second part of thesis research - Results validation, 

by means of statistical techniques [45], which is much less tedious and time saving than manual 

calculation.  
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5 Process 

This chapter will explain the whole procedure of this project, motivate the method  selected, how 

to answer the research questions, how to analyze the results correctly and efficiently, and discussion 

of the results and give conclusion. The choice of specific method will be elaborated clearly in 

addition to a more detailed description, which will be illustrated step by step.  

As mentioned before, obtaining an lower and evener energy profile is the ultimate goal for thesis 

research. How to combine different types of building with various share (percentage) of the 

buildings in just one district will be the main content of this chapter. Even though this thesis 

research is to help urban designers to obtain energy-saving suggestions when designing a series of 

buildings simultaneously, the readers would not only be urban designers, but also energy and 

building-related engineers,. Thus, the project process description is written in a technical, academic 

but also an easily understandable way for increasing the whole society’s awareness and concerns 

on sustainable development.  

This chapter focuses on the procedure of the project, so the summarized methodology and 

conclusion would be discussed in the following subchapter. 

 

 Methodology brief description 

The procedure of this research includes the following steps: 

1. Agree the project’s details with clients 

2. Data collection 

3. Original data analysis exported from IDA ICE  

4. First scenario created through Python 

5. Second scenario created through Solver in Excel 

6. Additional scenarios created based on the previous scenarios 

7. Results analysis and conclusions 

The following subtopics are extracted from the above steps with detailed explanations. 

 

 Agree the project’s details with clients 

Realizing customers’ requirements plays a vital role in the whole project, which can determine the 

project’s developing direction and main key points, even deciding the long-term success [46]. In 

the early stage, effective communication ensures that the final results or services will meet clients’ 
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needs. Throughout the project, regular and timely communication between the all involved parties 

allows the project to proceed on track without bias [47]. In this project, through a fine 

communication with the real estate company, a rough plan – Giving a ‘BEST’ share/percentage of 

buildings in a limited and visional district with the least energy pressure on the grid, has been made 

by energy consultants in SWECO Energy market group. As a participant of this project and main 

principle person of this thesis research, the first task is to collect all the information and 

requirements of the real estate company from SWECO Energy group.  

Therefore, based on the initial discussion with SWECO, the main purpose of this project is 

clarified: Design a district with less total energy demand and with less pressure on the grid to supply 

electrical power. In a real construction project in Uppsala, which is still under the design phase, 

construction is planned to start in the year 2020. That project will be used as a case study for this 

master research. For this project, because of the insufficient requirements of clients, providing more 

possible options with the goals of saving energy, cost and easy operation, etc. is the main task. 

 

 Data collection 

Generally speaking, data collection is a vital part of the any research or project, which can be 

defined as a systematic method to gather information from different sources to meet the research’s 

aim and objectives. Any inaccurate data can lead to a fail and wrong results [48]. Usually, there 

are several approaches for academic researches to collect data; including case studies, interviews 

and questionnaires. In other words, this chapter will present more information about the data 

collecting sources and how it is used in order to make the research more clear achieve the research 

purposes [49]. 

Most of the data and given information come from SWECO. The given 8 different buildings with 

4 various functions are from SWECO civil group’s classical building models, presenting in the 

software IDA ICE. There are more than 10 types of buildings would be built in 2020 for Uppsala 

case. However for this project, 8 typical buildings were selected consisting of official, residential, 

school and commercial buildings, explained in the below Table 4. Different building parameters 

come from SWECO according to their rich experiences on building-related projects. Moreover, all 

these building parameters and building default settings values are needed as input the software IDA 

ICE to calculate the annual energy consumption report through running a simulation.   
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Table 4: Buildings’ information for this project and basic 

Building 

NO. 
Building type 

Annual 

DHW 

 (Wh/ m2) 

Annual 

Electricity 

(Wh/ m2) 

Annual 

Heating 

(Wh/ m2) 

Annual 

Cooling 

(Wh/ m2) 

Total 

(Wh/m2) 

B1 School 7738 11506 14877 0 34122 

B2 Office1 497 3871 3092 844 8306 

B3 Office 2-lower 355 3794 2720 1066 7937 

B4 Office 3-higher 123 1786 1793 734 4438 

B5 Housing 1 2604 2021 3055 0 7681 

B6 House 2 835 1651 539 46 3073 

B7 Store 1 660 2763 1074 258 4756 

B8 Store 2 90 1230 1677 416 3414 

 

All the buildings are identified and defined as high-efficient building as  all the parameters are set 

as the highest energy-saving level. IDA Indoor Climate and Environment is a platform to estimate 

the building energy consumption in one year by adding all the building default values. . In this 

master project, 8 IDA ICE files are created with 8 different buildings, each of which has different 

defaults data . For instance school building has totally diverse working schedule and HVAC system 

with residential buildings. These 8 IDA ICE files are created by SWECO. The exact sources of the 

data for each building cannot be found because the building models are created by SWECO 

experienced civil engineers relying on their wealth of knowledge on current building energy 

situation and accurate forecast on future building development. The master project goal is to find 

a good combination with specific proportions of different buildings instead of investigating the 

energy system inside building. Therefore, the data sources in this project are the main discussion 

part, but how to combine several buildings and building types in order to obtain a sustainable 

outcome.  

The models from SWECO are IDA ICE models, which have been utilized in multiple projects, but 

with different façade U values. U-values can be defined as heat transfer coefficients or thermal 

transmittances measuring the efficiency of the building’ fabric  [50]. In other words, U-value is a 

performance parameter showing how effective the insulation of preventing heat transmitting from 

inside to outside of the building. With the gradual rises of the energy prices and awareness on 

sustainability for the whole society, measuring performances becomes more and more necessary 

and crucial. Additionally, all the building-related codes and standard in Sweden or globally have 

special requirements for U-values. All in all, broadly speaking, the lower U-values, the better 

insulation effect, the less energy needed to keep the comfortable living condition inside the 
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building. There are several literatures  and professional books including ASHARE presenting 

typical thermal resistances of building façade. All the recommended high-efficient U-values from 

these professional book are higher than the values from SWECO [51] [52]. For instances, the 

smallest commonly used R-value for wall is 2.96 h·ft2·°F/Btu (=1.87 W/ (m2K) through the units 

conversion [53]), which is way larger than the given value from SWECO [54]. The U-value for 

floor (ground) with the materials of solid concrete, has the smallest U-value 0.8 W/ (m2K), which 

is still around 8 times higher than the value from SWECO [55]. According to an official report of 

NZEB (Nearly Zero Energy Building) [56], there are 3 reference building simulation models from 

3 different climate zones to present their typical energy performance, and the energy situation of 

Copenhagen (cold climate) can be compared to Sweden. The NZEB report shows the main 

parameters including U-values of building components for reference building in Copenhagen both 

for residential and non-residential. For example, U-values of walls in the non-residential multi-

story office building is 0,17, but the U-values from SWECO is less than 0,11 [56]. Thus, the lower 

U values from SWECO proved that the 8 building models are energy-efficient enough. The 

following Table 5 given from SWECO shows the U-values for highly efficient buildings. 

Considering this project would be built in 5 years, the insulation would become much better 

compared with current façade situation. These low U-values for façades are reasonable and 

practical to use as the results that the project is staying on an extremely early designing stage. 

Table 5: U-values for façade in the most energy-efficient buildings from SWECO 

Parameter 
Functional requirements,  

High-efficient building; W/(m2K) 

U-value roof <0.09 

U-value wall <0.11 

U-value of floor  

(including ground resistance) 
<0.11 

U-value doors <1.1 

U-value windows and skylights <0.90 

U-value glass facades <0.90 

air tightness 
<0.2 l/sm2 envelope at 50 Pa over/under 

pressure 

gglass-window value <0.55 

Sun protection, gsyst-value window and 

sunscreen 
<0.2 

After all the above data have been entered in the IDA ICE, 8 IDA ICE files have been completed. 

The next step is to run the simulation. Annual energy consumption for each of the 8 buildings in 
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8760 hours by different energy carriers are calculated, which will be discussed in the next step – 

data analysis. 

 

 Original data analysis exported from IDA ICE  

The simulation results for the 8 buildings can be exported into Excel, e.g. as Delivered energy. In 

most cases, delivered energy is confusing with the concepts of energy consumption and demand. 

In simpler terms, delivered energy can be considered as the amount of energy delivered to the 

building without any further treatments, like gas, electricity, district heat, etc. [57] [58]. Figure 8 

shows the delivered energy position in the energy distribution systems. The COP for all the energy 

carries are set to 1 only in this master project, so the delivered energy can be regarded as energy 

demand. Consumption is easily understandable for how much people used and demand is the 

immediate rate of consumption. 

 

Figure 8: Energy distribution system [59] 

Here taking B7 (Building 7), one of the commercial buildings as an example, there are 9 

subcategories under this building’s energy sectors, shown in Table 6. In this master project, 

supplying energy is the emphasis rather than energy consumption.  

Table 6: Results of delivered energy exported from IDA ICE 

Time, 

h 

District 

cooling, 

W 

District 

heating, 

W 

DHW, 

W 

Equipment, 

tenant, 

W 

HVAC 

aux, 

W 

Lighting, 

tenant, 

W 

Lighting, 

facility, 

W 

Cooler, 

W 

Radiator, 

W 

0,00 0,00 1,53 2440,00 0,00 195,02 0,00 0,00 0,00 17216,00 

…… …… 

8760 0,00 1,68 2440,00 0,00 195,02 0,00 0,00 0,00 17590,00 

 

In order to easily analyze the data, all the different energy carriers showing above can be 

categorized and combined into 4 large sectors: Heating, Cooling, DHW, and Electricity. Less 

energy demand and fewer peak loads are the ultimate goals needed to be investigated. Table 7 

shows the combined data in 4 large sectors, which can be directly used to plot their hourly demand 

Energy stream
Energy supply

Electricity
Delivered Energy kWh/y

Heating
Delivered Energy kWh/y

Cooling
Delivered Energy kWh/y

DHW
Delivered Energy kWh/y
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profile in a year. However, the exact area of each building hasn’t been decided yet, which need to 

be discussed and then get a result through this master project. The values of each sector are in Watt, 

so all the values are divided by the area of building model in IDA ICE. All the values discussed in 

this research are in Wh/m2h or kWh/m2h. 

Table 7: Processed data in 4 energy carriers 

Time DHW Electricity Heating Cooling 

Sum 

up 
= DHW = HVAC + Lighting + Equipment = DH + Radiators = DC + Cooler (AC) 

0,00 0,35 0,03 2,44 0,00 

…… …… 

8760 0,35 0,03 2,32 0,00 

 

Then a final Excel file with all the building data gathered together is created, which is used to do 

the data processing in the next step.  

5.4.1 Results analysis and discussion of the original data 

Each building’s annually total demand can be calculated by summing all the hourly data up, see 

Table 8. Total demand by summing all the demand from 4 sectors is incorrect because different 

energy sources with different technologies cannot be added up directly. Therefore, in this project, 

the four types of energy would be discussed separately. The main energy types needed the most 

investigations are electricity and heating because DHW has much fewer fluctuations than the other 

energy carriers and cooling demand is not so high. It’s obvious to see the annual energy demand 

of different buildings in Table 8 and Figure 9. The following parts will describe the current energy 

situation without combining building types. 

For electricity, the size of demand for the 8 buildings is: B7 > B6 > B8 > B2 > B3 > B4 > B1> B5. 

Generally speaking, the higher energy demand, the smaller area of the building should be in that 

district. This order sorted the size of each building’s demand from largest to smallest would be 

utilized several times in the later steps when analyzing electricity demand, so the order can be 

named as Order-EL-1 for being easily understood when mentioned. School and residential 

buildings have the lowest electricity demand while commercial building has the highest demand, 

which can be resulted in their different working schedules. School usually closes during summer 

and winter vacation and weekends, but commercial building opens every day, which needs a huge 

amount of electricity for equipment operation and lighting, etc.  
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Table 8: Total energy demand in one year for 8 buildings 

Building 

NO. 
Building type 

Annual 

DHW, 

(kWh/m2) 

Annual 

Electricity, 

(kWh/m2) 

Annual 

Heating, 

(kWh/m2) 

Annual 

Cooling, 

(kWh/m2) 

B1 School 1 14,33 21,31 27,55 0,00 

B2 Office 1 4,98 38,72 30,93 8,44 

B3 Office 2 3,56 37,95 27,21 10,66 

B4 Office 3 2,46 35,72 35,88 14,70 

B5 Housing 1 26,05 20,21 30,55 0,00 

B6 House 2 27,86 55,06 17,98 1,56 

B7 Store 1 13,21 55,26 21,48 5,17 

B8 Store 2 3,02 41,01 55,90 13,90 

 

 

Figure 9: Energy demand for 8 separate buildings 

Another way to analyze the energy demand for the buildings is to combine the buildings with same 

function. Then in the column charts, the number of columns for each type of energy carrier is 4, 

which are the 4 different types of building. However, when combining the 8 buildings, questions 

appear. For instance, how much percentages for the office building1 and office building 2 when 

combine them into one office building? In order to simplify the question, let each building take up 

even area. Take the two residential buildings as an example to explain. The demand of each 

residential building should times 50% (for equal distribution) and then add up to compose the only 

one residential building. Thus, another order associated with Order-EL-1 is created: Office > Stores 

> Residential > School. Figure 10 states the results. Educational building still has the least 

0

10

20

30

40

50

60

DHW Electricity Heating Cooling

A
n

n
u

al
 d

em
an

 (
kW

/m
2
)

Annual energy demand for 8 separate buildings 

B1 B2 B3 B4 B5 B6 B7 B8



 

25 

 

electricity and cooling demand while commercial building has the highest electricity demand over 

all types of buildings.  

Here gives an overview of the total energy demand (for each type of energy) in 4 different 

functioned buildings, which is not accurate enough, because of the assumed percentages made 

when combining the same functioned buildings into one building. 50% is made by assumption to 

get the general idea about which type of building requires the most energy at the beginning stage 

of the research. 

The order for heating demand in 8 buildings is concluded from Figure 9: B8 > B4 > B2 > B5 >B1 

> B3 > B7 > B6, which can be called Order-Heat-1. According to Figure 10, residential building 

has the least heating demand, which can be also resulted in the different heating usage schedule for 

the specific function. Heating is always supplied during weekdays’ nights and weekends in 

residential buildings, except summer times, while other types’ of buildings have the opposite 

operating schedule with longer heating supplying period. 

Cooling isn’t supplied in school and even in residential buildings with extremely little annual 

demand. Commercial and official buildings have relatively high and similar cooling demand. 

The amount of domestic hot water usage usually keeps constant without great changes, which can 

be understood from Figure 11, an example building of a commercial building from the database.  

After all the data are gathered and prepared well, data processing and main part of the master 

project started. Two main smart assistances would be utilized to achieve the project goals: Python 

and Solver. 

                          

Figure 10: Energy demand for 4 types of buildings (Left) 

 Figure 11: DHW changes in one year for a commercial building (Right) 
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5.4.2 Example building energy analysis – Office building 3  

In order to better understand the current energy situation for each of the building, demand analysis 

over various time period for each building is the basis and prerequisite needed to be done. Here, an 

office building is selected as an example case to do detailed analysis from the perspective of energy 

demand, which is helpful to understand the energy usage or demand pattern easier and more 

directly. For Office building 3, the following 6 figures from Figure 12 to Figure 17 show daily 

energy demand curve in 5 typical days and a week in January: 

        

Figure 12: The third week in Jan (Left)                                                 

 Figure 13: Energy demand in 10th of Jan (Right) 

                               

 Figure 13 depicts the energy-demand for 24 hours on 10th of January for an office building. It may 

be seen that heating is supplied even during off-work  times (before and after working hours) which 

is higher than the heating demand during working hours. Through reading the changing trend, 

heating load curves has two high peaks at the beginning and at the end of the working time, 7:00 

and 18:00. The reason why heating demand is higher during the night than the day might be 

explained as the following three possible reasons: 

• During working hours, there are many internal gains in the building from people and all the 

equipment, which releases a huge amount of heat and reduces the need for additional heating 

from the heating systems. 

• Usually, at night, the indoor temperature of office buildings is still maintained at 22 degrees, 

which may need much more heat when nobody is in the office and no machine is operating. 

• During night, the outdoor temperature is lower at night-time. Larger temperature difference 

between indoor and outdoor of the building increases the building’s heating need.  
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When the heating load reaches the first peak, it falls sharply and maintains at a lower and almost 

constant demand during the working hours. The sudden increase of heating demand might be 

caused by a large amount of cooling brought from outside when people enter the building, which 

adds extra heating load for the heating system to maintain original indoor temperature. Cooling 

isn’t provided in winter, so the cooling load is zero for the whole day.  Electricity usage rises at 7 

o’clock in the morning and remains stable before dropping after 17 o’clock. However, the figure 

shows the electricity demand doesn’t fall to zero but remain low level during night times. DHW 

shows a similar trend as the electricity but with much smaller load as a result of the special function 

of office building without restaurant and households. Figure 12 states heating demand covers most 

of the total energy in January, and on weekends less heat is needed in accordance to the real office 

working schedule. Heating demand appears a high peak during the mid of the week while other 

energy sectors keep almost constant during weekdays. The constant daily energy demand only 

means the total daily demand is same for each of the weekdays but not constant in hours. Daily 

demand in consecutive 7 days (a week) helps to find the differences between weekdays and 

weekends.  

        

Figure 14: Energy demand in 15th of Apr (Left)  

 Figure 15: Energy demand in 30th of Apr (Right)                             

Figure 14  and Figure 15 are both the daily demand changes in April. At the end of the April, 

cooling is started to be supplied while the amount of supplied heating decreases, even down to zero 

W/m2, which can be explained as the temperature rises in spring. On the 15th of April, DHW and 

electricity both stay at steady and low demands, without cooling demand. Nevertheless, heating 

load fluctuates but much lower compared with earlier days in April, which can be explained as that 

the date of 15th of April is on weekend instead of a normal weekday, so there isn’t much energy 

required. The graphs in  present the office building energy demand trends. All the energy demands 

grow during working hours except heating. 
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Figure 16: Energy demand in 11th of June (Left)  

Figure 17: Energy demand in 1st of Aug (Right) 

Figure 16 and Figure 17 present the energy demand changes in two days selected from 

summertime. Cooling load goes up from June to July. Cooling demand rises tardily regarding the 

cooling demand even beyond the electricity demand in August. The trend of graphs in Figure 16 

and Figure 17 are similar to Figure 15, but with different amount of demand. 

 

Figure 18: Annual energy demand for Office-building 3 

From Figure 18, cooling demand of this office building appears from April to September while 

heating is not needed, only for 3 months in the summer. Electricity demand has fewer fluctuations 

compared to other energy carriers, whose least demand happens in July as the result of less heating, 

cooling and lighting requirement and summer break. DHW remains stable and extremely low for 

office building. 
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Figure 19: Energy demand in January 

Figure 19 presents the monthly energy demand changes in January of office-building3, which 

shows the weekly changes for all the energy sectors. Heating has the highest demand over all other 

sectors, even on the weekends. 

After a rough analysis for the energy demand changes of one type of building, a basic understanding 

of the building’s energy situation has been obtained. Moreover, what is certain that the analyzing 

process to understand the annual energy demand changes in different time slots and periods like 

some specific days, week and month rather than a whole year is conducive for problem-solving in 

next steps. Thus, a complete and full understanding of the building energy situation starts from the 

next chapter-scenario creation. 

 

 First scenario creation through Python language programing 

Since chapter 4.1 has explained that the essential problems behind the thesis includes mathematical 

problems: permutation and combination. Only with pare data of 8 buildings in year, it easily loses 

on the correct way to achieve thesis’s goal. So far, one of the largest obstacles for this project to 

get the best combination of different types of buildings is to process large amount of data. 

Obviously, it’s not possible to do all the calculations and optimize the results manually. In this 

case, coding might help to solve the main difficulty of this project, which is not only faster but also 

comprehensive in considering all possibilities with fewer errors otherwise numerous errors and 

differences would come up by manually calculation. A smart and user-friendly programming 

language Python has been selected to facilitate the calculation and optimization process then get 

the best percentages of buildings’ area in a district.  
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In this chapter, how to set the limitations through Python and how are the results will be described. 

However, the coding process would not be explained, which is beyond the scope of the research. 

The main goal of using Python is to find out the best combination of the 8 buildings via 

computational calculation. The parameter used to define and evaluate the BEST Combination here 

in this project is the standard deviation. The results assessment by the calculation of standard 

deviation has been depicted in the chapter of the Essential problem in the first part of the report. 

The value of calculated standard deviation for each scenario follows the rule: the lower the better, 

because the higher value of standard deviation means all the data points are spread out or ingathered 

around the mean, resulting in an uneven demand profile. There are several steps required to obtain 

the results by using Python:  

1. List all the possible combinations by running Python – With the percentages for each of the 

8 buildings. 

2. Calculate the standard deviation of the total supply to all buildings for all the possible 

combinations calculated through Python.. 

3. Find 3 typical cases with the highest, medium and lowest standard deviation. 

4. Plot the 3 cases in graphs for the 4 types of energy carriers separately (Electricity, DHW, 

heating and cooling). 

5. Analyze and discuss the results of the best cases for the four type of energies. 

 

5.5.1 Brief description of the programming process and results 

Before starting to write the program, make sure all the data are ready: hourly demand of 4 different 

energy types in 8 buildings separately and 8 unknown variables for the percentages of 8 buildings 

areas in the city block: B1 – B8, in addition to the constraints used in selecting the percentages for 

running simulation. 

In the first trial, setting the interval difference between each percentage as 1. The number of 

possible combinations is more than 5 hundred million, which is way too large for the available PC 

devices to run and calculate the combination possibilities, let alone to calculate the standard 

deviation after getting the list of possible cases. Then, this trial is regarded to be failed, so improved 

trials should come up, which will be explained in the following texts. The next step is to find a 

suitable interval value through several tests, which at least should be able to run the calculation 

process to get all the possible combination cases in the first step. The reason for the failure of 

experiment with interval as 1, should be that the interval is so small leading to a huge amount of 

possible combinations that increases the working load to do the data processing. So, larger interval 

should be considered for new trials. In order to make the calculation process easier, the following 
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trials will select the following numbers as interval respectively: 2, 3, 4, etc. until the PC 

successfully get all the possible combinations. After trying different intervals, the trial when 

interval is 4 is the smallest interval that can calculate the results, which is chosen to work for further 

calculation. As the step guidance in the last chapter shows, since the list of all the possible cases is 

ready, standard deviation calculation for each case should be started. The number of possible cases 

when interval is 4, is 3564435, also too large to run the program for the next standard deviation 

calculation. However, there is always a way to figure it out through discussion with experienced 

programmers. Separate all the cases from one folder into several smaller folders and run the 

program separately for calculating each case’s standard deviation, then copy and paste all the 

results from different folders into a final one. Therefore, results are obtained, presented in the 

following . Due to the enormous amount of data and results, only 3 cases (with highest, medium 

and lowest result of standard deviation) of each energy type will be presented in this report to 

discuss.  

Table 9 below shows the results of 3 typical cases including two extreme conditions and a middle 

one. The number of cases in the table states that one standard deviation might have many different 

combinations. In this project, only the case with the smallest value of standard deviation (with the 

flattest demand profile) would be focused on and discussed the most. 

In order to find the correlation between the standard deviation and demand, the following plot  was 

created through extracting the data from Figure 20, clearly presenting that energy demand might 

be proportional to the value of standard deviation. Except for the orange and yellow lines of 

electricity and cooling demands, the heating and DHW demand of the middle case (with medium 

standard deviation) is larger than the demand of the maximum case (with maximum standard 

deviation). However, it doesn’t mean the results are wrong or correct because of the limited number 

of samples. Based on Table 9, the numbers of cases with the medium standard deviation for the 4 

types of energy are all more than 10 thousand. The points in Figure 20 are just several selected 

cases, whose sampling proportion is too small to prove the correctness. Moreover, due to the huge 

amount of data and cases, it’s not possible for this project to take all the 10 more thousand cases 

out to analyze relationship between demand and flatness of energy profile. So at least, after 

focusing on the minimum and maximum cases, one thing can be confirmed is the case with 

minimum standard deviation for any type of energy has lower total demand than the case with 

maximum standard deviation. 

 

 

 



 

32 

 

Table 9: Results presentation from Python 

Calculation results DHW Electricity Heating Cooling 

Max 
 

SD 2,88 7,22 5,19 4,79 

The number 

of cases 
1 1 1 1 

Percentage 

(%) 
[100,0,0,0,0,0,0,0] [0,0,100,0,0,0,0,0] [0,0,0,100,0,0,0,0] [0,0,0,100,0,0,0,0] 

Total 

Demand 

(kWh/m2) 

14,33 37,95 27,21 14,70 

Medium 
 

SD 0,64 3,39 3,71 2,12 

The number 

of cases 
56756 16079 38671 29315 

Percentage 

(%) 
[4,28,16,0,0,36,16,0] [28,20,4,12,8,0,8,20] [28,20,4,12,4,20,0,12] [28,20,4,16,4,8,4,16] 

Total 

Demand 

(kWh/m2) 

14,68 33,75 30,82 7,02 

Min 
 

SD 0 0,71 2,75 0 

The number 

of cases 
26 1 2 26 

Percentage 

(%) 
[0,0,0,0,0,0,0,100] [0,4,0,0,96,0,0,0] 

[0,0,0,0,0,64,36,0] 

& [0,0,0,0,0,68,32,0] 
[32,0,0,0,68,0,0,0] 

Total 

Demand 

(kWh/m2) 

3,02 20,95 19,24 & 19,10 0,00 

Note: 
1. If the number of cases is larger than one, then the percentage would only show one or two cases. 

2. The values in the blank of percentages should multiply 4 then divided by 100. 

 

 

Figure 20: 4 types of energy demand for 3 cases  
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As the purpose of the thesis states, finding the best percentages is the final goal and then showing 

the results to the urban designers and real estate company. Obviously, the most crucial data and 

information in Table 9, comes from the cases with minimum standard deviation. The cases of each 

energy type should be detailed analyzed separately. Standard deviation is the primary sensitivity to 

constraint the calculation and get the first series of results. However, some of the results are 

happened to have more than 1 cases, which needs another sensitivity to filter the cases which have 

same results to get the only one BEST case – Annual demand. When there are more than 1 cases 

having same and the evenest energy profile with least fluctuations, the case with lower total demand 

has the priority to be regarded as the better case. The main discussion part should focus on 

electricity and heating due to their significance. 

5.5.2 Results analysis and discussion 

DHW 

For domestic hot water, there are 26 possible combinations with the same minimum standard 

deviation. Since each of the 26 cases has the same and flattest DHW demand profile, it’s hard to 

decide which case gives the best results to guide the urban designers to design a district. Another 

sensitivity coming up to scale down the results – Total energy demand. Pick the 26 combinations 

out and calculate their annual DHW demand for each case, which is an advanced analysis relying 

on the previously basic calculation. Figure 21 is plotted to show the total DHW demand for each 

case, and  

 

Table 10 presents the exact amount of total demand and each building’s percentage of the 26 cases. 

Only two types of buildings are planned in the district (“Store 2” and “Office 3”) for the 26 cases. 

Along with the rise of commercial building’s area in the district, the total DHW demand increases 

as well. Obviously, the case NO.26 has the smallest DHW demand, which has only one type of 

building built in this district- “Office 3”. Therefore, for DHW, the best combination calculated 

through Python and optimization process, is only one type of office building (“Office 3”) built in 

this district.  
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Figure 21: Total DHW demand for 26 cases with the least standard deviation in scatter charts 

 

Table 10: The total DHW demand and correlated percentages of combination for 26 cases 

Case 

NO. 

Total DHW 

demand kWh 

Percentage % 

(B1,B2,B3,B4,B5,B6,B7,B

8) 

Case 

NO. 

Total DHW 

demand kWh 

Percentage % 

(B1,B2,B3,B4,B5,B6,B7,

B8) 

1 3.022 [0,0,0,0,0,0,0,100] 14 2.728 [0,0,0,52,0,0,0,48] 

2 2.991 [0,0,0,4,0,0,0,96] 15 2.706 [0,0,0,56,0,0,0,44] 

3 2.972 [0,0,0,8,0,0,0,92] 16 2.684 [0,0,0,60,0,0,0,40] 

4 2.953 [0,0,0,12,0,0,0,88] 17 2.661 [0,0,0,64,0,0,0,36] 

5 2.933 [0,0,0,16,0,0,0,84] 18 2.639 [0,0,0,68,0,0,0,32] 

6 2.912 [0,0,0,20,0,0,0,80] 19 2.617 [0,0,0,72,0,0,0,28] 

7 2.884 [0,0,0,24,0,0,0,76] 20 2.595 [0,0,0,76,0,0,0,24] 

8 2.866 [0,0,0,28,0,0,0,72] 21 2.573 [0,0,0,80,0,0,0,20] 

9 2.842 [0,0,0,32,0,0,0,68] 22 2.551 [0,0,0,84,0,0,0,16] 

10 2.817 [0,0,0,36,0,0,0,64] 23 2.528 [0,0,0,88,0,0,0,12] 

11 2.795 [0,0,0,40,0,0,0,60] 24 2.506 [0,0,0,92,0,0,0,8] 

12 2.772 [0,0,0,44,0,0,0,56] 25 2.484 [0,0,0,96,0,0,0,4] 

13 2.75 [0,0,0,48,0,0,0,52] 26 2.462 [0,0,0,100,0,0,0,0] 

 

Electricity 

For electricity, only one case exists when the standard deviation is the smallest. The percentage of 

8 buildings are [0, 4%, 0%, 0%, 96%, 0%, 0%, 0%]: “Office 1” takes up 4% of the total area in 

that district and the rest 96% is covered by “Housing 1”. Through previous conclusion about the 
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amount of electricity annual demand for 8 buildings, Order-EL-1: B7 > B6 > B8 > B2 > B3 > B4 

> B1> B5, the best combination calculated by Python does not follow the order at all, but still 

provides the evenest energy profile with the minimum standard deviation. Therefore, it’s not 

correct to state the total demand has directly linear or proportional correlation with the flatness of 

energy profile.  

Heating 

There are two cases with same value of standard deviation, whose percentages are [0, 0, 0, 0, 0, 

64%, 36%, 0] & [0, 0, 0, 0, 0, 68%, 32%, 0], with only residential and commercial buildings 

planned in that district. The larger portion is the building “House 2”, while another one is “Store 

1”.  As the Order-Heat-1 shows: B8 > B4 > B2 > B5 >B1 > B3 > B7 > B6, building NO.6 ranks 

at the last position with the least heating demand followed by the building NO.7. The two best 

cases provided by Python have a similar conclusion with the Order-Heat-1. When more than one 

cases with the same minimum standard deviation, total energy demand will help to select the best 

case. The annual heating demand for both two cases is calculated in . The latter one with smaller 

annual heating demand (19,10 kWh/m2) is regarded as the best combination case, whose building 

distribution plan is 68% of total area of the district for “House 2” and 32% for “Store 1”. 

Cooling 

The number of cases with the same minimum standard deviation is 26, which can be dealt with and 

analyzed through the same calculation method as DHW. According to the results exported from 

Python, only two buildings “School” and “Housing 1” exist in all 26 cases. The 26 combinations 

are changing along with various percentages selecting from the integers between 0-25 (times 4 and 

then divided by 100 to get the percentage in 100%), whose changing rule is same with the possible 

combinations of DHW. However, as Figure 9 shows, both the two buildings B1 and B5 are the 

only two buildings that doesn’t supply cooling, with zero cooling demand. No matter what 

percentages of the two buildings, the total cooling demand is always zero. Therefore, the cooling 

results seem meaningless.  

Table 11: Scenario 1 - Best combinations for the 4 types of energy with the least standard deviation 

Best scenario DHW 1 Electricity 1 Heating 1 Cooling 1 

Percentage of  

8 buildings (%) 
[0,0,0,100,0,0,0,0] [0,4,0,0,96,0,0,0] [0,0,0,0,0,68,32,0] [a,0,0,0, (1-a),0,0,0] 

Total demand 2,462 20,95 19,10 0,00 

Note: Letter “a” means any value from 0-100. 

 



 

36 

 

5.5.3 Conclusion of scenario 1 

Through the results analysis and discussion of DHW, electricity, heating and cooling, the so-called 

best combinations from Python are not the best at all for future real engineering work, which will 

be explained in the following paragraphs The best cases for the 4 types of energy are summarized 

in Table 11, which is named as scenario 1 (Including D1, E1, H1 and C1). None of the 4 best 

scenarios includes 4 types of buildings, but 2 buildings at most. However, the Real estate company 

is looking forward to a city plan designed with various types of buildings instead of one or two, 

such as the combinations showing in the best scenarios, which goes against with their initial plan 

and purpose. One thing that should be always remembered is that the final but hidden goal of the 

project is to design a comprehensive, prosperous and diverse district. Through the analysis, the 

disadvantages of the python process and results can be summarized as below: 

1. Interval difference as 4 is too big, ignoring plenty of possible cases. 

2. Time-consuming; the whole programming process took more than 10 hours to get the 

results. 

3. The results are not practical and realistic for urban designers to utilize directly. 

From another point of view about methodology, it cannot be trusted if the results are proved by 

only one method.. Comparison is absolutely one of the useful and promising ways to do validation 

and demonstration, which is not an exception for this project either. If there are any other methods 

can do the smart calculation, then the proved results would be much more widely accepted than the 

results standing alone. However, there are still some useful points can be concluded from the 

results. No one can deny that the 4 cases give an absolute even energy profile. The next step should 

focus on the results validation and comparison between scenario 1 and new scenarios. Once the 

results have been proved, this scenario can be used for future research.  

 

 Second scenario creation through Solver in Excel 

Due to the existing errors and significant drawbacks in the previous trials (Scenario 1) assisted by 

Python, another smart and innovative method should be coming up with to validate the results and 

see if there are some other possible and better results can get. An add-in tool installed in Excel 

named SOLVER is chosen to help to work on the subsequent process. This chapter will describe 

the process by using Solver, meanwhile create the second scenario within the results from Solver. 

Then compare the results between scenario 1 and 2 for 4 types of energy respectively.   



 

37 

 

5.6.1 Brief description of the calculation process and results 

Make sure the basic contents are the same as the previous experiment. Since the first test by Python 

focuses on the least standard deviation, then this test can start with the same sensitivity - finding 

the minimized standard deviation value, in order to have better comparison with scenario 1. The 

first trial in SOLVER of defining parameters and restraints would be described as the following 

steps:  

Objective setting: Setting the cell of “annually total demand of one kind of energy” to the minimum 

value. 

Variables selection: Choosing the variables that would be manipulated: Percentage of each 

building: B1, B2, B3, B4, B5, B6, B7 and B8. 

Constraints setting: Adding constraints helps to limit the scope of calculation and increase the 

results’ accuracy greatly with fewer experimental errors. Settings for the first trial are: Let the sum 

of the 8 percentages (all unknown variables) be 1; each of the variables are between the range of 0 

to 1.   

Through setting the objectives-minimum standard deviation, another best combination is got, 

named Scenario 2 and calculated by Solver. The results of this best combination for the 4 various 

energy sectors are shown in Table 12.  

Table 12: Scenario 2 - Best combinations for the 4 types of energy with the least standard deviation 

Percentage range: 0-1 DHW 2  Electricity 2 Heating 2 Cooling 2 

Percentage of 8 buildings (%) [0,0,0,100,0,0,0,0] [0,3,0,0,96,0,0,0] [0,0,0,0,0,67,33,0] [0,0,0,100,0,0,0,0] 

Annually demand (kWh) 2.46 20.87 19.14 0.00 

Standard deviation 0.00 0.71 2.75 0.00 

 

5.6.2 Results analysis and discussion 

Comparing the total demand, standard deviation and percentages for 4 types of energy in scenario 

2 with scenario 1, it’s found that the two indicators and the calculated percentages of the two 

scenarios are almost the same with tiny nuances. If the values of percentages in scenario 2 are 

constrained as integers, the results of scenario 2 will be identical with scenario 1. Cooling demand 

also follows the summarized rule in scenario 1. Hence, even though the errors in scenario 1 by 

using Python seems unavoidable and significant due to the large interval difference, the results in 

scenario 2 without much limitations on the percentage of building’s area are still same with 

scenario1, which strongly indicates that the results are correct, and the large interval error can be 
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neglected to some extent. One thing needs to be mentioned here is that when the interval is 4, the 

errors don’t make many differences for this project, but it doesn’t mean that any large interval 

wouldn’t cause huge error differences. Hence, the two groups of 4 best combinations can be used 

as baseline scenarios for future research. Since the two scenarios don’t have huge differences, and 

the second scenario has more precise data and results, scenario 2 is selected as the baseline model 

for the comparisons with new scenarios. The next section after this chapter will continue to 

investigate better combinations based on the scenario 2, which can not only eliminate the 

drawbacks of the baseline model as much as possible, but also be maximized close to the baseline 

model with the flattest energy profile. 

Moreover, apart from the data and results, considering the external calculation tool selection, 

Solver is recommended after the two trials. Even though Python is commonly accepted as an 

functioned and easy programing language among all languages like C++, Java, etc., it still has quite 

a lot of obvious weaknesses compared with Solver. For this project, the strengths of Solver over 

Python are listed below:   

1. Solver is much faster on running a calculation cycle in less than 30 seconds, while python 

needs at least 3 hours for just running one step of the calculation. 

2. Solver is also much easier to calculate than writing code in Python, just entering 3 blanks 

of the calculation in Excel. Although Python is one of the easiest programming languages 

for beginners, there are still several non-negligible steps that takes a lot time: set-up the 

environment preparing to run the Python, learn the complicated grammar syntax, etc. 

3. Usually only some companies who have related business work will be equipped with 

professional data processing system, which can process and analyze tremendous amount of 

data simultaneously and quickly. However, most of the private laptops, or the PC for 

educational usage in the campus are not powerful enough to deal with so much data. 

 

 More scenarios’ creation through Solver in Excel  

5.7.1 Build-up scenario 3 

Additionally, from the point of minimum standard deviation, baseline scenario (scenario 2) has 

been determined. What about the scenarios aiming for the minimum annual energy demand? Then 

the third scenario can be created by modifying the objectives in scenario 2 from minimum standard 

deviation to minimum energy demand via Solver, whose results are presented in Table 13.   
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Table 13: Scenario 3 - Best combinations for the 4 types of energy with the least energy demand 

Percentage range: 0-1 DHW 3  Electricity 3 Heating 3 Cooling 3 

Percentage of 8 buildings 

(%) 
[0,0,0,100,0,0,0,0] [0,0,0,0,100,0,0,0] [0,0,0,0,0,100,0,0] [0,0,0,0,100,0,0,0] 

Annually demand (kWh) 2.46 20.21 17.98 0.00 

Standard deviation 0.00 0.74 2.84 0.00 

 

The percentages of each building in Table 13, show great unreality and impracticability in actual 

projects. As a result of lacking advanced constraints, the four combinations all have only one type 

of buildings designed and constructed in a district. However, it still presents some similar results 

with baseline model, scenario 2. For each kind of energy, most of areas is covered by only one or 

two types of buildings in both scenario 2 and scenario 3, and the annual demand and the standard 

deviation are similar for scenario 2 and 3. In other words, the cases with low standard deviation, 

whose total demand is also quite low, at least for the 2 extreme cases. However, as the explanation 

from  says, there isn’t any linear correlation between the demand and standard deviation, but similar 

tendency.   

 

5.7.2 Build up scenario 4 -7 

Since the requirements of clients in this project are not clear, only scenario 2 and 3 are insufficient 

to provide enough choices for urban designers. Baseline scenario is used as reference model, 

improved scenarios can be created based on the baseline model by changing some typical values, 

such as the constraints. Thus, in this chapter, additional constraints for the range of the building 

area’s percentages are added to create more different possibilities and optimize the results. Firstly, 

2 scenarios (scenario 4 & scenario 5) are created, which are both aiming for better combinations 

with different functioned buildings. The constraints setting and objective for the 2 scenarios are: 

1) Scenario 4: 0.05 ≤ Bn ≤ 1;  

2) Scenario 5: 0.05 ≤ Bn ≤ 0.5.  

The objective for both scenarios: Minimum standard deviation. 

In order to make the district include all types of buildings, set the percentage of each building’s 

area (8 building models in total) larger than 5%; What’s more, to avoid a situation that one type of 

buildings covers extremely large area and try to make various buildings distribute evenly, 

maximum percentage of each building is set as 50%. Because of the limited sources, literature and 
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assistances, the constraints are made via assumptions. The data input and results are shown in Table 

14 and Table 15.  

Table 14: Scenario 4 - Building combinations for the 4 types of energy with the least standard deviation 

Percentage range: 

0.05-0.5 
DHW 4 Electricity 4 Heating 4 Cooling 4 

Percentage of 8 

buildings (%) 
[5,5,5,50,5,5,5,20] [5,5,5,5,50,20,5,5] [5,5,5,5,5,41,29,5] [20,5,5,5,50,5,5,5] 

Annually demand 

(kWh) 
6.33 32.62 23.99 2.72 

Standard deviation 0.24 1.58 3.08 0.83 

 

Table 15: Scenario 5 - Building combinations for the 4 types of energy with the least standard deviation 

Percentage range: 

0.05-1 
DHW 5 Electricity 5 Heating 5 Cooling 5 

Percentage of 8 

buildings (%) 
[5,5,5,53,5,5,5,17] [5,5,5,5,65,5,5,5] [5,5,5,5,5,41,29,5] [8,5,5,5,62,5,5,5] 

Annually demand 

(kWh) 
6.32 27.39 23.99 2.72 

Standard deviation 0.24 1.45 3.08 0.83 

 

The two scenarios are created considered from the perspective of the flatness of energy profile. If 

two more similar scenarios built up from other perspectives, like total annual energy demand, the 

comparison between the 4 scenarios will make the experiment more completed and accurate. So, 

under the same condition with scenario 4 and 5 (same constraints setting), scenario 6 and 7 are 

created with different objective (minimum total annual demand) as previous scenarios but same 

constraints. Then the following 2 tables describe the scenarios. 

Table 16: Scenario 6 - Building combinations for the 4 types of energy with the least total annual demand 

Percentage range: 

0.05-0.5 
DHW 6 Electricity 6 Heating 6 Cooling 6 

Percentage of 8 

buildings (%) 
[5,5,5,50,5,5,5,20] [20,5,5,5,50,5,5,5] [5,5,5,5,5,50,20,5] [20,5,5,5,50,5,5,5] 

Annually demand 

(kWh) 
6.33 27.55 30.26 2.72 

Standard deviation 0.24 1.79 3.55 0.83 
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Table 17: Scenario 7 - Building combinations for the 4 types of energy with the least total annual demand 

Percentage range: 

0.05-1 
DHW 7 Electricity 7 Heating 7 Cooling 7 

Percentage of 8 

buildings (%) 
[5,5,5,65,5,5,5,5] [5,5,5,5,65,5,5,5] [5,5,5,5,5,65,5,5] [35,5,5,5,35,5,5,5] 

Annually demand 

(kWh) 
6.25 27.39 23.16 2.72 

Standard deviation 0.24 1.45 3.12 0.83 

 

5.7.3 Results analysis and discussion 

So far, the total number of existing scenarios is 7, and the first scenario did through Python can be 

ignored for its similarity as scenario 2 calculated through Solver. So there are 6 scenarios in total 

can be used to compare with each other. Table 18 summaries the similarities and differences 

between scenario 2 to 7.  

Table 18: Characteristics of scenario 2-6 

Scenario NO. Objective Constraints 

Scenario 2 Minimum standard deviation 
0 ≤ Bn ≤ 1 

Scenario 3 Minimum annual demand 

Scenario 4 
Minimum standard deviation 

0.05 ≤ Bn ≤ 1 

Scenario 5 0.05 ≤ Bn ≤ 0.5 

Scenario 6 
Minimum annual demand 

0.05 ≤ Bn ≤ 0.5 

Scenario 7 0.05 ≤ Bn ≤ 1 

 

Heating 

From Table 14 and Table 15 (scenario 4 and 5), even though the maximum limitations for the two 

scenarios are different, the total annual demand and standard deviation of heating 4 and heating 5 

are exactly same. Compared with the heating demand in scenario 2 and 3, the top two buildings 

with the highest percentages in the 4 scenarios are always B6 (Residential building 2) and B7 

(Commercial building 1). As the Order-Heat-1 (B8 > B4 > B2 > B5 >B1 > B3 > B7 > B6) tells, 

building 6 and 7 have the least energy demand among the 8 buildings. No matter what objective 

has been set (minimum standard deviation or minimum energy demand), the results all follow this 

same rule- Order-Heat-1. Through comparison between the total heating demand and standard 

deviation from scenario 2-7, some conclusions can be made: 
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From the point of real project work and clients’ requirements, scenario 2 and 3 are not qualified 

with only one or two types of buildings.  

Considering the total energy demand and fluctuation of the energy profile, heating 4 and 5 can be 

regarded as a very promising combination for supplying heating with both lower energy demand 

and lower standard deviation than heating situation in scenario 6 and 7. Moreover, the two scenarios 

(scenario 4 and 5) presents that it’s possible to achieve both low energy demand and even energy 

profile at the same time.  

All in all, in order to supply heating in an easier way, area percentage of different buildings in 

scenario 4 and 5 [5%,5%,5%,5%,5%,41%,29%,5%] can be recommended to urban designers. The 

recommended percentage doesn’t mean urban designers must distribute the buildings exactly the 

same as recommended combination but follow the rule of this combination. Make sure the building 

6 and 7 take up the most areas in the district and the rest of buildings just cover the required 

minimum areas. 

Electricity 

Take the same analysis process of heating to discuss the electricity supplying situation for these 

scenarios.  

Among all the 6 scenarios, only the scenario 5 and 7 with the same constraints have the same and 

the smallest (best) results of total electricity demand and standard deviation. The designing rule 

(Order-EL-1: B7 > B6 > B8 > B2 > B3 > B4 > B1> B5) is clear and used for all the scenarios: Let 

the building 5 have the largest area portion in a district and the areas of the rest of buildings just 

arrive the minimum area requirements of that district. Among the 6 scenarios, scenario 5 or 7 

[5%,5%,5%,5%,65%,5%,5%,5%] will be recommended to the urban designers from the 

perspective of electricity supply. 

DHW 

Domestic hot water is usually supplied in a constant and stable amount, without much more 

fluctuations compared with electricity and heating demand. The results of DHW total demand and 

standard deviation are similar in all the scenarios under different condition, and the distribution 

rule is also obvious. The order of annual DHW demand for the 8 buildings shows building 4 has 

the least DHW demand than others. So the rule is as simple as the rule for the buildings’ 

combination from the electricity and heating side: Let all the seven buildings except building 4, 

take up the least area following the project requirements about each building’s minimum area, and 

then building 4 take the rest most of the area in the district. For this project, any combination in the 

4 scenarios (scenario 4, 5, 6 and 7) is recommended, which all has similar and low DHW demand 
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and standard deviation. The selection of different scenarios only depends on the special 

requirements of the project.  

Cooling 

The rule of combining diverse buildings considering the cooling supply, is to let the building which 

doesn’t have cooling demand occupy the most area in that district.  

In summary, considered from the aspect of energy demand and flatness of corresponding energy 

profile, different suggestion and recommended combinations for each type of energy have been 

concluded in the above section. As it was mentioned before, cooling demand is not too much and 

DHW is usually supplied at a steady rate with constant demand; electricity and heating demand 

varies a lot per hour, which are the key parts that researchers should pay full attention to.  

 

 The summarized Best combination 

In the chapter 5.7.3 Results analysis and discussion, the most recommended 4 cases for 4 types of 

energy carriers respectively, have been summarized in the following Table 19. 4 combinations are 

available to give suggestions for urban designers from the perspective of different energy carriers.   

However, there is a significant problem that cannot be ignored: for the real project work, it’s not 

possible to adopt the 4 promoted combinations into one district at the same time. Only one 

combination can be selected to be implemented. So, for this chapter, an advanced step for 

continuously optimizing the results by choosing one “best” combination among all the listed cases, 

will be described and explained.  

Table 19: Results of the 4 best cases  

Case Calculation DHW Electricity Heating Cooling 

DHW 7 (%) 

[5,5,5,65,5,5,5,5] 

Total demand (kWh/m2) 6,25 36,70 33,90 11,54 

Standard Deviation 0,24 5,31 4,53 3,68 

Electricity 5 (%) 

[5,5,5,5,65,5,5,5] 

Total demand (kWh/m2) 20,40 27,39 30,71 2,72 

Standard Deviation 0,95 1,45 3,64 0,83 

Heating 5 (%) 

[5,5,5,5,5,41,29,5] 

Total demand (kWh/m2) 17,97 48,35 24,00 4,53 

Standard Deviation 0,83 2,81 3,08 1,43 

Cooling 7 (%) 

[35,5,5,5,35,5,5,5] 

Total demand (kWh/m2) 16,89 27,72 29,81 2,72 

Standard Deviation 1,18 2,26 3,47 0,83 
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For this project, the key words mentioned several times in the whole report are the electricity and 

heating supply which need the most attention instead of DHW and cooling. The reasons are 

explained in the previous chapter. Additionally, between the two evaluation indicators: total annual 

demand and the flatness of the energy profile, the flatness of the energy profile is more vital 

according to the consultancy company SWECO’s requirement. Therefore, after realizing the order 

of priority, the whole process becomes easier.  

From the table above, especially comparing the data in the two columns of electricity and heating 

due to the priority over the other two energy types, the row of “Electricity 5” with the highest share 

of Building 5 (Residential building) has better results of standard deviation and total demand in 

electricity and heating, which should be noticed first. Then after checking the results of DHW and 

heating in the row of “Electricity 5”, the results are not the best but not too bad. Through a series 

of longitudinal and horizontal comparisons, “Electricity 5” with the percentage of 

[5%,5%,5%,5%,65%,5%,5%,5%] wins the competition to be regarded as the BEST combination.  
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6 Economic analysis  

 

 Background: 

Economic analysis is always of great significance for most of the research and projects. There is 

an old but absolutely correct saying: Having money isn't everything, but not having is everything. 

Economic analysis is necessary for almost any research, even though the economy is not the main 

content for the research. A good and fair economic evaluation makes the research more valuable 

and helps the researchers and readers to have a general understanding of the value and impact of 

the goods, technology, measures, etc. For this thesis research, money is not the key consideration, 

while it can help narrow down the results from the financial side and pick up the most economic 

one. For instance, there is a known sense in public that the government and society will invest as 

much as they can on environment protection and addressing sustainable development issues if they 

have the abilities. However, it’s not just about the government’s willingness and the currently 

available technologies, it’s more about how much money they can provide in a long term or short 

term and whether it deserves that amount of money. Only if the engineers and consultants give a 

reasonable proposal including technology and economy plan, can the government or investors be 

willing to support the project. 

In this project, finding out a good combination of different types of buildings from energy 

efficiency side is the first and the most important part, which has already been founded and 

summarized in the last chapter. Then a proper and qualitative economic analysis will give a more 

comprehensive evaluation about the results instead of just focusing on energy saving. In fact, the 

main reason is hidden behind the research goal: looking for a scenario with a lower and more even 

energy profile, also includes cost-saving. Then this chapter will explain the hidden reason and 

analyze the results from the perspective of cost-efficiency. 

 

 Introduction 

6.2.1 Advantages of a lower and more even load profile 

For a long time, Sweden is always keeping a high-ranking position on sustainable development 

leading to a low-carbon economy. Firstly, to understand the hidden reasons behind the goal of 

achieving an even energy profile, it’s essential to know what an even energy profile will bring to 

the world. The even energy profile means fewer fluctuations and variances. The main reasons can 

be listed as: 
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1. A proper estimation from an even energy profile with regular changes is good for better 

energy management.  

2. Fewer peaks of the energy profile reduce the sudden impact force on grid, which is 

beneficial for grid operation and maintenance 

3. Less pollution on the environment because the peak power is usually generated by fossil 

fuel. 

4. Saving cost. Electricity price changes per hour, which is quite high during peak hours.  

Through the observation of the even energy profile, it helps the energy supplier correctly estimate 

and predict the energy demand and consumption to produce enough electricity for use, which is 

particularly important for the grid electricity production. For electricity cannot be stored on a large 

scale at a reasonable price [60] [61], a proper prediction can avoid extra electricity waste to some 

extent. Additionally, it’s a good tool for setting targets in order to have better energy management. 

For instances, through analyzing the profile from same time periods in different years or under 

same conditions, can easily present the possible improvements, which is beneficial for the current 

and future energy management. Through observing the hourly demand graph, most of the peak 

points occur in just few hours or even less, which causes an irreversible impact and huge pressure 

on the grid. Additionally, the price of electricity during peak hours is much more expensive than 

normal off-peak hours [62]. Electricity generation is required to meet the maximum peak load, 

which is usually dispatched by additional power from so-called “peak plants”. Peak plant is costly 

for plant’s installation, operation and maintenance [63]. Compared to the plants running to generate 

enough power continually during off-peak hours, peak plant is inefficient and dirty to the 

environment [64]. The detailed information also mentioned in the previous chapter 3.5. 

6.2.2 Electricity price fluctuations 

Electricity price varies time by time, which is related to the instability of electricity grid and power 

plants. Because electricity is considered as a non-storable good for this project, due to the 

limitations of electricity storage technologies, the power production is needed to be increased to 

meet the rising demand, like in the peak hours. Hence, the marginal cost gets high during peak 

times for the limited capacity of power production. There are plenty of factors leading to electricity 

price fluctuations, such as: Fuels, power plants, delivery system, local weather conditions, 

regulations, etc. The electricity selling price is not determined by consumers themselves, but the 

wholesale market who combines different factors affecting the power supply and demand 

determines the price [58]. 

A competitive price of supplying electricity plays a vital role for all the countries, especially for 

Scandinavian countries because of their special climate condition, northern geographical location, 
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and available resources. Focusing on supplying electricity over time is not the only most important 

thing, but also its availability at any time if needed [65].  

In Sweden, the largest power market is running by Nord Pool for electrical energy in Europe, which 

operates mostly in Nordic countries. The database shows in Nordic power wholesale markets that 

more than 80% of the total electrical energy consumption is traded through Nord pool [66].  

6.2.3 Difficulty in storing electricity 

With the gradual shift away from traditional energy sources to renewable green energy, the 

development of energy storage technology is imperative now, because of the baseload energy 

generation loss. The need for electricity is 24 hours instead of when the energy is available, for 

example, the sun is shining, sea precipitation level is high and wind is blowing, etc.[67]  [68]. 

However, as is known to all, electricity cannot be stored in a large scale in lack of mature and cheap 

technologies, which makes the delicate balance of production and consumption become extremely 

important [69]. Usually the amount of generated electricity depends on the electricity demand as 

the result of high cost of energy storage at grid-scale. . There are some developing technologies for 

storing electricity like mechanical storage systems (pumped hydroelectric), CAES (Compressed 

air energy storage systems), flywheel and SMES (Superconductive magnetic energy storage) of 

electrical storage system [70]. However, most of the currently available technologies for storing 

electricity is so expensive that it is not cost-sustainable. For current situation, it’s urgent and 

significant to concern about not only electricity supply over time but also its availability at any 

given moment. Thus, considering the limitations on effectively storing electricity, an even energy 

profile is indispensable.  

 

 Electricity cost analysis 

Usually, as a customer, two separate contracts with electricity companies would be signed. One is 

the contract with electricity supplier which people can buy electricity from. The electricity price 

data in Nord Pool website is the electricity purchasing price. Another one is electricity network 

operator-grid company, which is responsible for delivering and distributing the electricity to each 

customer. The fees paying to the network operator is fixed, a base rate charge per kWh of electricity 

that the customer consumes. It’s possible to change the electricity supplier company to get a lower 

electricity price, if people shop around and find a better operator price. Additionally there are extra 

fees excluded in the fees for both electricity supplier and network operator, which are the energy 

tax and other related fees payable to authorities. The energy taxes are different in different places 

in Sweden, but other taxes and fees keep same throughout the whole Sweden [71]. The below 

picture Figure 22 shows the main parts of an electricity bill.  



 

48 

 

 

Figure 22: How an electricity contract consists? 

For the fees paying to the grid company and additional taxes to the states, the exact amount of the 

different fees is not easy to be found online, unless the approximate total electricity consumption 

is given. For this project, the total area of the district is unknown, so the total electricity needs and 

consumption, also the extra taxes and other fees cannot be calculated properly. If the buildings 

have been built, and the detailed information is given, like the total electricity consumption hourly, 

daily, monthly or yearly, the electricity price payable to the grid can be calculated on the operator’s 

website, such as Fortum, Vattenfall, etc. Therefore, only the electricity price for the energy supplier 

will be considered in this project. The final results might not be absolutely accurate, but it can give 

some insights and ideas to the researchers through the analysis. 

There is a terminology “Spot price”, referring to the electricity price in an hour/day/week or any 

time-period per kWh, which can be used to calculate the total cost for purchasing electrical energy 

from the power market, like Nord Pool. The variable electricity price in Sweden relies on the 

Nordic electricity exchange in Nord pool. In other words, the final purchasing price for customers 

is based on the amount of customers’ electricity consumption and the price at Nord Pool for the 

customers’ specific electricity price area. Fortunately, Nord pool provides the history spot price for 

different locations, including Stockholm [72]. The following Figure 23shows the variance in 

electricity prices from 2013 to 2018. Stockholm belongs to the area “Sweden 3”. 
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Figure 23: Monthly spot electricity prices in the Nord Pool system and in Sweden, 2013-18 [73] 

For the fees paying to the power supplier, Nord Pool is selected as the electricity supplying 

company in this thesis research. Hourly electricity price is available at Nord Pool website, which 

greatly facilitates the economic analysis for this project instead of the price in a day, month or even 

longer time intervals. Because of the time limitation of the project, only two typical weeks would 

be chosen to do the comparison between the best and worst cases in order to shorten down the time 

consumption. Through using the function of Filter in Excel, the sorted hourly electricity demand 

from largest to smallest is plotted in Figure 24. It’s easily found that the peak point happens in the 

3636th hour and the valley point is in the 8236th hour. Thus, the two weeks consisting of the two 

days separately are determined. One week with peak point is from 2018-05-25 to 2018-06-03; 

another one is from 2018-12-06 to 2018-12-12. The data from Nord Pool is in SEK/MWh. So the 

final electricity cost is calculated by multiplying the hourly demand with the electricity price, then 

sum up the whole week’s data.  

 

Figure 24: "Best case" - Electricity demand sorted from largest to smallest 
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For this project, the electricity hourly price in 2018 from the official website of Nord Pool would 

be utilized as the reference hourly prices for economic analysis. Two cases would be selected to do 

economic analysis. One is the BEST combination with the most even demand profile - “Electricity 

5” [5%,5%,5%,5%,65%,5%,5%,5%], another one is the totally opposite case, with the highest 

standard deviation of electricity demand calculated by Solver in Excel 

[5%,5%,50%,20%,5%,5%,5%,5%].  

The following two plots Figure 25 and Figure 26 depict the electricity demand changes in the two 

weeks along with the corresponded electricity hourly purchasing price . The orange curve 

representing the worst case with the highest standard deviation of electricity demand is obviously 

more uneven than the blue curve with lowest standard deviation. The tendency of grey columns is 

similar to the electricity demand. During the peak periods, both electricity demand and the 

electricity price stay at a high level, which is not cost-effective. After summing up the hourly 

electricity cost for the two extreme cases, the results tell that the case with an evener energy profile 

can save more money.  

 

Figure 25: Electricity demand changes for two extreme cases in the week from 12.06-12.12 
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Figure 26: Electricity demand changes for two extreme cases in the week from 5.28-6.03 

The following Table 20 states the details about the two extreme cases and the calculated total 

electricity price.  The results clearly prove that flatter energy profile is more cost-promising than 

the uneven energy profile.  

Table 20: Two extreme cases 

 Explanation 
Percentage  

(%) 

Annual electricity 

demand  

(kWh/m2) 

The standard 

deviation of 

electricity demand 

Total electricity 

price for supplier 

(SEK/(m2 week)) 

Best 

case 

Flattest 

electricity profile 
[5,5,5,5,65,5,5,5] 20,40 0,95 

Peak 255.34 

Valley 281.81 

Worst 

case 

The most uneven 

electricity profile 
[5,5,50,20,5,5,5,5] 37.70 5.49 

Peak 383.16 

Valley 390.22 

 

 Heating cost analysis 

Heating systems are a little bit more complicated than electricity, which is dominated by 4 key 

technologies: district heating, heat pump technology, electric heating and biofuel boilers. Currently, 

district heating covers more than 50% for all heat supply to buildings, which is the market leader 

over a long period [74]. Heat pump ranks the second just followed by the district heating, which is 

around 30% of total demand in the whole heating market. According to Figure 27 below, heat pump 

technology utilization is expanding in recent years, becoming the main competitor to district 

heating [75]. During 70s, oil was the main heating source to be dependent on for heating generation, 

while today heating market is almost independent on the fossil fuels [76].  
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In this project, the details of the energy system aren’t given, and the technology field is not included 

in the thesis research. Since the exact share of various technologies for supplying heating is 

unknown, it’s hard to evaluate the heating system from neither energy nor also the economical side. 

Moreover, the price of buying heating from the heating supplier company like Vattenfall and 

StockholmExergi is not that easy to find as the result of limited time, knowledge and assistance. 

The last but not the least, for this project, according to the company’s request, only the electricity 

should be paid the most attention, because their aim is to make the grid operate in an easier way. 

All in all, in this research, economic analysis of heating wouldn’t be considered. It’s also same for  

cooling and DHW. 

 

Figure 27: Market shares for heat supply to buildings in Sweden from 1960 to 2014 with respect to heat delivered 

from various heat sources 
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7 Efficient energy systems and technologies 

Even though technology is not the focus of this thesis project, it’s good to have a rough 

understanding to form the picture about the current energy situation. This chapter will introduce 

some possible technologies for this project. 

 

 Sharing energy in a district  

Due to the low energy utilization rate, high energy demand and consumption and large amount of 

excess energy produced, District Energy Sharing System (DESS) seems like a practical and 

promising solution to alleviate or even solve these potential problems. [77] 

Two keywords “District” and “Sharing” state the main functions of the system. Firstly, when it 

comes to District Energy, traditional district energy system is to generate single type of energy 

(heating or cooling) at a central location and distribute the energy at high energy temperature for 

heating buildings. Compared with traditional energy system, DESS also supplies energy from a 

centralized source and distributes energy to multiple buildings. However, DESS would upgrade 

the ambient temperature of water (or other mediums) using heat pump technologies to provide 

both heating and cooling. Secondly, for Sharing Energy, DESS is able to share energy between 

different functioned buildings. For this case, advanced District energy sharing system (DESS) is 

recommended for this thesis project [78] [79]. 

Hot water production, heating and cooling are provided to the whole district (with various types 

of buildings) through a centralized energy system which allows energy to be shared by buildings, 

which is the broad definition of DESS. This system can help buildings exchange energy by 

capturing excess energy from other buildings to reutilize it or share their own additional/waste 

energy to the neighborhood who needs energy. Moreover, energy can be shared between seasons 

by incorporating some specified technologies. For instance, extract the heat in summer then store 

it to be utilized until winter comes. Since the buildings themselves in this district have reached 

the highest energy-efficiency design standard level (with lowest U values for all façades, and 

efficient HVAC systems design, etc.), the system outside the buildings will make great strides in 

reducing overall energy requirement of the district, which is the most necessary consideration for 

this project [80].  
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Figure 28: Example case of an energy system in Blatchford 

The above picture Figure 28 presents the main components of an ongoing case project: District 

energy sharing system in Blatchford [80]. Residential building and office buildings can exchange 

energy through the sharing system networks. Additionally, renewable energy sources are utilized 

through some potential technologies, like geo-thermal (wouldn’t be considered in this project due 

to the local energy situation) and sewer energy, which are the major sources of renewable thermal 

energy [81]For this project, the solution and strategy should depend on the unique on-site 

resources and local regulations and standards.  

With a smart and proper design of the energy sharing system, this district has great potential to 

boost its development not just for higher energy-efficiency, but also emission reduction and cost 

saving. The merits can be simply summaries as following bullet points. 

1. Smaller size of the infrastructure is needed to service multiple buildings with different 

daily energy demand by taking advantages of load diversification. The overall peak load 

can be flattened when the end-users sharing the heating and cooling flows.  

2. Simple equipment placement: Supplying heating and cooling from a single system 

3. Cost effective - due to economies of small scale, less equipment, less external energy 

needed. 

4. Better utilization of the locally major alternative energy sources, increases the 

possibilities to  develop more capital-intensively sustainable energy sources. [82] 

5. Enables to tie in low-temperature renewables directly 

6. Higher energy conversion flexibility through different energy carriers, can always enable 

the correct form of energy to be available when needed. [83] 
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 Main components of the system suggested 

A suggested energy system is composed of the following sectors. However, these components are 

made after literature review, which could be improved after much deeper investigation and 

researches in the future. The system is aiming to give urban designers some ideas and clues. 

1. Accumulator tank  

2. Hydrogen storage tank [84] 

3. Heat recovery exchanger (waste heat) 

4. Tri-generation plant [85]  

 

 New technologies can be considered  

1. Free cooling 

During summertime, extract and store the cool during nights and then utilize in the day. Also, for 

winter times, the cooling demand can be satisfied by the amount of cooling extracted from the 

outside cold temperature. 

2. Solar thermally driven cooling [86] 

Solar cooling is an emerging and attractive technology with zero or very low GHG emissions. 

Apart from ordinary air conditioning systems driven by solar electricity from PV units, solar 

thermal cooling can provide cooling needs through a thermally driven heat pump cycle. 

3. Tri-generation [87] 

Combines heating, cooling and electricity production in just one process where absorption 

technology in cooling generation is included in. The process can be simplified explained as a gas-

fired generator producing electricity and heat. Then some of the produced heat will be utilized for 

air-conditioning or refrigeration with the help of absorption chiller. Figure 30Figure 29 Figure 30,  

and  explain the process and outlooks of a tri-generation power plants. It’s more efficient to 

generate heating and electricity than normal CHP. The cost for fuels and energy is reduced. 

Additionally, it’s more environmentally friendly with less green gas emission and pollutants [88]. 
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Figure 29: Tri-generation process [89] 

 

   

Figure 30: Tri-generation typical process [88] (Left)            

Figure 31: Outside looks of the tri-generation power plant [90] (Right) 

4. Waste energy utilization.  

Nowadays, waste energy becomes a crucial issue gradually, which is one of the biggest barriers 

to improve energy utilization, arising whole society’s concerns. There is a tremendous amount of 

energy exhausted inside any buildings, especially for commercial and residential buildings. For 

instance, the equipment would release unwanted waste heat during operation, which can’t be 

ignored. In this situation, the concept of “Sharing energy” is introduced to solve this tough task. 

Once this huge amount of waste energy has been better used instead of releasing to the 

atmosphere directly or indirectly, energy efficiency of buildings would grow significantly. 

According to a survey and research by the European organization, in Europe, the amount of heat 

generated and wasted from industries might be sufficient to cover the heat demands for all the 

residential buildings. A real case in Gothenburg, Sweden is practiced. More than 90% of all the 

living apartments are heated by waste heat from industrial process through a long-distance 

heating network [91].  
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8 Results and conclusion from the case study 

From chapter 5 and 6, the whole research process, results’ statements and economic analysis are 

done. This chapter will focus on the conclusion of specific results and general methodology. 

 

 Results conclusion from this project (Uppsala case study) 

1. A district with only a single type of building doesn’t mean better or evener energy profile 

than with various types of building, vice versa. There isn’t any direct linear correlation 

between them.  

For example, the scenarios created by Python in , showing that both the cases with maximum and 

minimum standard deviation have the combinations with only one type of building. Therefore, it’s 

not true to say that either of these two cases, one with single building type and the other one with 

more than one types of buildings, is better than another from the energy perspective. 

2. The flatness of the demand profile is also not directly correlated with the total demand for 

each type of energy carrier. 

According to the results calculated by Python, two cases within same given data input but various 

objectives (maximum, medium and minimum standard deviation), the energy demand is not 

changing along with the tendency of standard deviation. Therefore, an even energy profile doesn’t 

mean the corresponded energy demand is lower or higher. 

3. 8 recommended combinations of different type of buildings are made, which are all showed 

in Table 11 and Table 19, including 4 scenarios calculated by Python, and 4 improved 

scenarios calculated by Solver.  

These recommended scenarios can give some clues to the urban designers when they are designing 

the buildings’ combination in a district. The best combination should depend on the client’s 

requirements. For example, if the clients want to have the flattest heating demand profile, and they 

don’t need to build all the 8 buildings, so combination of Heating 1 

[0%,0%,0%,0%,0%,68%,32%,0%] should be promoted. If a flattest electricity demand is required, 

then a combination Electricity 5 [5%,5%,5%,5%,65%,5%,5%,5%], with the most areas of building 

5 (Residential building) is suggested.  

4. Solver is more beginner-friendly and less time-consuming than using Python programming.  
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In this project, Python and Solver both are utilized to assist the project to give more accurate results. 

However, after the whole research process, Python is not suitable to use again unless the calculation 

method has been updated to be much more smarter and faster  to deal with a large amount of data.  

5. The flatness of energy profile can highly affect the energy cost. A much evener load profile 

with fewer peaks and valleys would lead to a large cost reduction, at least for electricity.  

From the chapter of economic analysis, it’s known that achieving an even electricity demand 

profile saves more than a demand profile with plenty of ups and downs.  

 

 Future improvements 

Even though the results are founded through a sequence of tests and analysis, it seems that lots of 

questions and errors have been raised along with the research process. Many different tests and 

research have been left for the future. Future work concerns a deeper analysis of different 

possible combinations leading to a better sustainable and energy-efficient world. There are 

several lines of research problems arising from this project that should be pursued in the future. 

1. The manual calculation is unconvincing, and time-consuming. For example, the 

comparisons are all done by hand and observation. The accuracy of the results is so low 

that is not qualified for a serious scientific research.  

2. If there are some other software can set more than one objective at the same time, then the 

results can be calculated directly without manual comparisons. Because of currently limited 

knowledge and practical experiences on writing Python language to solve problems, Python 

hasn’t been used properly and suitably. Solver is easy to use but function-monotonous. In 

this project, even though Solver seems like an absolute better choice than Python, in fact, 

Python should be more promising and comprehensive on solve dynamic mathematic 

problems and optimization issues. In the future, researchers should sophisticatedly master 

this programming skill before starting the project, then it’s possible to wisely use Python 

with various functions. Alternatively, looking for some other smarter assistances can also 

help solving problems.  

3. Without much requirements and limitations of the project, most of the results cannot be 

utilized directly due to the assumptions. If possible, trying to get more detailed information 

about the project and requirements from the clients, helps to get more precise data and 

results.  

4. Similar to point 3, given information is insufficient in this thesis project, for example the 

current technologies. However, this project wouldn’t be carried out instantly, the results are 
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just used to give insights and ideas to urban designers. When time allows, the research 

should create more different scenarios by considering different technologies and other 

aspects, which can give the urban designers more choices and let them make correct 

decisions. 

5. There is a huge obstacle standing in front of the research: limited knowledge and sources. 

As a master student, it’s not possible to access all the data or related information, which 

also results in some error. For example, considering the economic analysis, the data and 

price related to the grid and taxes for the city and government, cannot be easily seen from 

the website for a student. Moreover, heating is as significant as electricity in the real life, 

especially for Nordic countries, but in this project, the analysis didn’t consider heating for 

the lack of the information about price and technology. Thus, in the future, it’s better to do 

a deeper investigation about the total energy cost and give a more reliable conclusion 

through quantitative and qualitative analysis.  

 

 Methodology conclusion 

Through the above summary and conclusion from the whole project, a structure or even called 

“New methodology” is conducted and brought up, which can be utilized for urban designers 

directly in the future for a similar and relevant project. This section would summarize and shape 

the research process to develop a solid and practical methodology. 

Goal: Find out the best combination with different types of building which has a lower and 

evener energy profile.  

Process: 

1. Python: Write all the question and calculate it by using Python language. Two steps are 

included: 

a. Add all the hourly demand data into Python to get all the possible combinations of 

different buildings. 

b. Set the objectives (such as minimum standard deviation and minimum total demand) 

and calculate the result of each case. 

2. Solver in Excel: set the limitations, and then objectives. The objectives can be two, or 

even more. One is minimum standard deviation and another one is minimum energy 

demand. Calculate the result of each case. 
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3. Compare and analyze the various cases calculated through the above methods to find out 

the “best combination”. Python can be utilized to do the comprehensive comparison and 

results optimization process among different cases from diverse perspectives. 

4. Economic analysis: choose two extreme cases (one is the summarized Best case, another 

one is Worst case) to calculate the cost of different energy carriers and analyze. 

5. Finally, the best combination can be found through the above steps.  



 

61 

 

9 Reference 

 

[1]  A. I. Michael Taylor, "Renewables: The True Costs IRENA’s Data and Analysis," 

IRENA. 

[2]  P. Ralon, "Global renewable energy cost trends," IRENA, 2019. 

[3]  R. community, "REN21-RENEWABLE ENERGY POLICY NETWORK FOR THE 21st 

CENTURY," IDB Microsite with financial, 2017. [Online]. Available: 

http://www.ren21.net/gsr-2017/pages/ren21/ren21/#ren21-community. 

[4]  L. S, "Importance of electricity," The hindu, March 08. 2010. 

[5]  J. U. E. R. W. Adrian Dabrowski, "Grid Shock: Coordinated Load-Changing Attacks on 

Power Grids-The Non-Smart Power Grid is Vulnerable to Cyber Attacks as Well," 

ACSAC, PR, USA, 2017. 

[6]  J. S. Hill, "Renewables Grid Initiative & WindEurope Highlight Importance Of Investing 

In Grids To Boost Renewable Growth," Clean Technica, 21 February 2018. [Online]. 

Available: https://cleantechnica.com/2018/02/21/renewables-grid-initiative-windeurope-

highlight-importance-investing-grids-boost-renewable-growth/. 

[7]  W. Sobek, "Building as Renewable Power Plants: Active houses for the Electric City," 

Stuttgart, 2018. 

[8]  M. Kärrholm, "The Scaling of Sustainable Urban Form: A Case of Scale-related Issues 

and Sustainable Planning in Malmö, Sweden," European Planning Studies , p. 97, 2010.  

[9]  "Sustainable Development Goals-Knowledge Platform," United Nations Department of 

Public Information, [Online]. Available: https://sustainabledevelopment.un.org/sdgs. 

[10]  "World Green Building Council," 2019. [Online]. Available: 

https://www.worldgbc.org/green-building-sustainable-development-goals. 

[11]  "The world Factbook," Central Intelligence Agency, [Online]. Available: 

https://www.cia.gov/library/publications/the-world-factbook/geos/sw.html. 



 

62 

 

[12]  "Travel guide to Stockholm," OURWAY, [Online]. Available: 

https://ourwaytours.com/introduction-travel-guide-to-stockholm/. 

[13]  A. R. O. Jonathan Metzger, Sustainable Stockholm: Exploring Urban Sustainability in 

Europe’s Greenest City, Routledge, 2013.  

[14]  C. T. Mofoluwake Ishola, "Chapter 42: Waste-to-Energy Solutions in Uppsala, Sweden," 

in Renewable Energy and Sustainable Buildings, Brighton, UK, Springer, 2018.  

[15]  T. M. E. O.-U. Kommun, "Energy Programme 2050-Creating an energy system that meets 

the power and material challenges of a Climate Positive Uppsala," Sustainable 

Development Manager, 2018. 

[16]  V. Heat, "Environmental Report Uppsala 2017," Vattenfall, Uppsala, 2017. 

[17]  "Urban Design as a Career," URBAN DESIGN GROUP, [Online]. Available: 

http://www.udg.org.uk/careers. 

[18]  apolderman, "Urban/peri-urban development," 8 May 2017. [Online]. Available: 

http://www.wikialps.eu/doku.php?id=wiki:urban_peri-urban_development. 

[19]  R. T. Adam Ritchie, Sustainable Urban Design: An Environmental Approach, New York: 

Talor & Francis, 2013.  

[20]  U. Ranhagen and M. J. Lundström, "The sustainable municipality planning approach," 

Town and Country Planning Association, Stockholm, 2016. 

[21]  S. Stad, "Stockholm – the first European Green Capital," City of Stockholm, Executive 

Office, Stockholm, 2015. 

[22]  B. D. a. J. D. Thibaut Abergel, "Towards a zero-emission, efficient, and resilient buildings 

and construction sector-GLOBAL STATUS REPORT," UN Environment, 2017. 

[23]  Energy Technology Perspective-Catalysing Energy Technology Transformations, 

International Energy Agency (IEA), 2017.  

[24]  IEA, Transition to Sustainable Building, Paris: PECD, 2013.  

[25]  Energy in Sweden 2017, Swedish Energy Agency, 2018.  



 

63 

 

[26]  X. Cao, X. Dai and J. Liu, "Building energy-consumption status worldwide and the state-

of-the-art technologies for zero-energy buildings during the past decade," ELSEVIER, p. 

2, 2016.  

[27]  U. Evironment, "GLOBAL STATUS REPORT 2017-Towards a zero-emission, efficient, 

and resilient buildings and construction sector," 2017. 

[28]  P. DROEGE, "URBAN ENERGY TRANSITION-Renewable Strategies for Cities and 

Regions," Elsevier, Cambridge, MA, 2018. 

[29]  S. Meddelanden, "El-, gas- och fjärrvärmeförsörjningen 2017, Slutliga uppgifter," SCB, 

Energimyndigheten, 2017. 

[30]  S. E. Agency, "Energy in Sweden 2019 - An overview," Eskilstuna, 2019. 

[31]  S. Garson, "What is a Load Profile and why is it Important?," Better cost conrol, 2013. 

[32]  T. Hong, "Energy Forecasting," DISQUS, 2014. 

[33]  "Energy Assessment-Demand Analysis," in Building Energy Auditing Course.  

[34]  K. Misbrener, "Global utility execs foresee more consumers using grid as backup in next 

two years," Solar power world, 2019. 

[35]  R. CORSON, "Implementing energy storage for peak-load shifting," Consulting-

specifying engineer, 2014. 

[36]  D. T. Jonathon Dore, "How to reduce your dependence on the grid," Solar analytics, 5 3 

2018. [Online]. Available: https://www.solaranalytics.com/au/blog/how-to-reduce-your-

dependence-on-the-grid. 

[37]  "LOAD SHIFTING (DEMAND REDUCTION)," Peoria, 2016.  

[38]  M. Hargrave, "Standard Deviation Definition," Investopedia, 2019. 

[39]  R. Niles, Standard Deviation, stats.  

[40]  Hitbullseye, "Permutation and Combination: Basic Concepts," 2019. 



 

64 

 

[41]  M. H. &. R. Mulic, "Probabilistic approach to the assessment of uncertain input 

parameters when energy renovating existing buildings," Lund University-Dept. of 

Architecture and Built Environment: Division of Energy and Building Design. 

[42]  A. T. Larrea, "Energy analysis of a house and proposals for improvements," University of 

Gävle, 2019. 

[43]  P. McFedries, "Excel Solver: What is It and When You Should Use It," Dummies-A wiley 

brand. 

[44]  P. S. Foundation, "What is Python? Executive Summary," 2019. 

[45]  J. Terra, "Why Python is Essential for Data Analysis," Simplilearn, 2019. 

[46]  "The Importance of Client Communication," DERMASCOPE, [Online]. Available: 

https://www.dermascope.com/client-care/the-importance-of-client-communication. 

[47]  l. I. group, "The Importance Of Great Communication In Client Relationships," Identity-

Integrated events partner, 18 OCT 2017. [Online]. Available: 

https://identitygroup.co.uk/the-importance-of-great-communication-in-client-

relationships/. 

[48]  V. Nair, "What is data collection and its importance in research process?," Quora, JUN 

2018. [Online]. Available: https://www.quora.com/What-is-data-collection-and-its-

importance-in-research-process. 

[49]  "The Importance Of Data Collection," UKessays, 24 04 2017. [Online]. Available: 

https://www.ukessays.com/essays/construction/the-importance-of-data-collection-

construction-essay.php. 

[50]  "U-values," ICE-Designing Buildings Wiki, 13 Feb 2019. [Online]. Available: 

https://www.designingbuildings.co.uk/wiki/U-values. 

[51]  R. a. A.-C. E. American Society of Heating, "ASHRAE STANDARD-Standard Method 

of Test for the Evaluation of Biulding Energy Analysis Computer Programs," 2007. 

[Online]. Available: 

https://www.ashrae.org/File%20Library/Technical%20Resources/Standards%20and%20G

uidelines/Standards%20Addenda/140_2007_b.pdf. 



 

65 

 

[52]  T. o. U-Values, "Conservation of fuel and power," [Online]. Available: 

http://www.puravent.co.uk/Guide_Resources/AppendixA_UValues.pdf. 

[53]  Heat transfer coefficient Conversion, 

http://www.endmemo.com/convert/heat%20transfer%20coefficient.php.  

[54]  "HEAT, AIR, AND MOISTURE CONTROL IN BUILDING," in 2009 ASHRAE 

Handbook—Fundamentals, p. 26.5. 

[55]  "U values of typical building methods," Diydata-UK, [Online]. Available: 

https://www.diydata.com/information/u_values/u_values.php. 

[56]  B. Atanasiu, "Principles for nearly Zero-Energy Buildings-Paving the way for effective 

implementation of policy requirements," BPIE- Buildings Performance Institute Europe. 

[57]  Glossary, "Delivered energy," EULEB, [Online]. Available: https://www.new-

learn.info/packages/euleb/en/glossary/index15.html. 

[58]  U. E. I. Administration, "DEFINITION of Delivered Energy," Defined Term, [Online]. 

Available: https://definedterm.com/delivered_energy/5255. 

[59]  I. e. Europe, "Energy Use," 2016. [Online]. Available: https://tippenergy.ie/wp-

content/uploads/2011/09/Module-7-Energy-Use.pdf. 

[60]  "Electricity and Energy Storage," World Nuclear Association-Current and future 

generation, May 2019.  

[61]  A. Midttun, "European Energy Industry Business Strategies," Elsevier, no. Oxford, UK, 

2001.  

[62]  B. Spiller, "All Electricity is Not Priced Equally: Time-Variant Pricing 101," 

Environmental defense fund, Jan 27. 2015. 

[63]  K. company, "Electricity Peaking Stations," Clark Energy. 

[64]  C. Rob Hammon, "Flat Load Profile Homes: Improving ZNEs?," ACEEE Summer Study 

on Energy Efficiency in Buildings, 2012. 

[65]  T. Bondesson, "Electricity Market of the Future-IVA Electricity Crossroads project," The 

Royal Swedish Academy of Engineering Sciences (IVA, Stockholm, 2016. 



 

66 

 

[66]  N. R.-N. E. Regulators, "Electricity customer in the Nordic countries-Status Report Retail 

Markets 2016," 8th March 2017. 

[67]  A. L. Harvey, "The Latest in Thermal Energy Storage," Power, 2017. 

[68]  W. E. Council, World Energy Resources 2016, London, 2016.  

[69]  U. S. government, "Electricity Storage," EPA-United States Environmental Protection 

Agency, 2018. 

[70]  G. Fuchs, B. Lunz, M. Leuthold and D. U. Sauer, "Technology Overview on Electricity 

Storage-Overview on the potential and on the deployment perspectives of electricity 

storage technologies," Institute for Power Electronics and Electrical Drives (ISEA), 

RWTH Aachen University , 2012. 

[71]  Energimarknadsbyran, "YOUR CONTACT WITH ELECTRICITY COMPANIES," 

Svenska Energi, 2015. 

[72]  "Today's spot price - electricity price today per kWh," Elsot.nu, [Online]. Available: 

https://elspot.nu/. 

[73]  N. Pool, "Historical Market Data-Elspot Prices," 2018. 

[74]  "Vattenfall Heat Uppsala-Safety, Health and Environment 2014," Vattenfall. 

[75]  S. Werner, "District heating and cooling in Sweden," ELSEVIER, vol. 126, no. Energy, p. 

422, 2017.  

[76]  H. Sköldberg and B. Rydén, "The heating market in Sweden- an overall view," 

Värmemarknad Sverige, Stockholm, 2014. 

[77]  Edmonton, "District Energy," blatchfordedmonton.ca. 

[78]  F. E. INC, "What is District Energy". 

[79]  W. T. Vanghan, "DISTRICT ENERGY SHARING SYSTEM," Patent Application 

Publication, Nov.08. 2012.  

[80]  Blatchford, "City Council approves District Energy Sharing System for Blatchford," 12 12 

2016. [Online]. Available: https://blatchfordedmonton.ca/city-council-approves-district-

energy-sharing-system-for-blatchford/. 



 

67 

 

[81]  "Blatchford District Energy Sharing System 2018 Progress," LIVE IN BLATCHFORD, 

Blatchford, 2018. 

[82]  "What a DES Can Do," BC Climate action toolkit, [Online]. Available: 

https://www.toolkit.bc.ca/what-des-can-do. 

[83]  T. M. Executive, "Energy Programme," Uppsala Kommun, 2018. 

[84]  "Energy Efficiency & Renewable Energy: Hydrogen Storage," US. Deprtment of Energy - 

Fuel cell techonologies office, 2016. 

[85]  Combined Heating, Power, And Cooling Animation. [Performance]. THERMAX, 2016.  

[86]  E. Commission, "Heating and Cooling," SETIS Information For Decision-making. 

[87]  R. M. A. M. Laitinen A., "Cooling technologies," VTT, 2016. 

[88]  "What is Tri-generation," Haron Robson, [Online]. Available: 

http://www.haronrobson.com.au/product-and-technology-reviews/what-is-tri-generation. 

[89]  H. Robson, "What is Tri-generation?," Haron Robson , [Online]. Available: 

http://www.haronrobson.com.au/product-and-technology-reviews/what-is-tri-generation. 

[90]  "PROMOTING ENERGY INVESTMENTS for public buildings," Festa Project, [Online]. 

Available: http://www.festa-

project.eu/index.php?option=com_k2&view=item&id=20:trigeneration&lang=en. 

[91]  E. Commission, "Towards a smart, efficient and sustainable heating and cooling sector," 

Brussels, 2016. 

[92]  "Using Load Profiles to Manage and Reduce Energy Consumption," AXON, [Online]. 

Available: https://www.axon.eco/energy-consumption-load-profiles/. 

[93]  "User Manual - IDA Indoor Climate and Energy," EQUA Simulation AB, Stockholm, 

2013. 

[94]  "IDA Indoor Climate and Energy," EQUA, 2019. [Online]. Available: 

https://www.equa.se/en/ida-ice. 

[95]  Excel Solver, http://web.mit.edu/15.053/www/Excel_Solver.pdf: Excel techniques.  



 

68 

 

[96]  "Excel Solver example and step-by-step explanation," XelPlus, [Online]. Available: 

https://www.xelplus.com/excel-solver-example/. 

[97]  T. E. P. A. T. C. O. T. E. UNION, "Energy performance of buildings," European 

Comissions , 30 May 2018. [Online]. Available: 

https://ec.europa.eu/energy/en/topics/energy-efficiency/energy-performance-of-buildings. 

[98]  "Nearly Zero Energy Building Standard," SEAI- Sustainable Energy Authourity of 

Ireland, [Online]. Available: https://www.seai.ie/sustainable-solutions/nearly-zero-energy-

buildi-1/. 

[99]  *. S. D. D. M. M. M. C. M. K. D. K. Serghides1, "Achieving Nearly Zero Energy Multi-

family Houses in Cyprus through Energy Refurbishments," Energy and Environmental 

Engineering, p. 23, 2017.  

[100]  B. Atanasiu, "Overview of nZEB approaches in the EU MS," BPIE, 2014. 

[101]  I. S. &. A.-U. E. I. Administration, "Electricity Explained Factors Affecting Electricity 

Prices," US. Department of Energy , Washington, DC, 2019. 

 

 


