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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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of each of the rating system in a direct and indirect manner, making it clearer to choose among various options when considering 
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1. Introduction 

Nowadays, new concepts of sustainable building are becoming more and more attractive. To ensure quality from 
social, environmental and economic point of view of the buildings, different stakeholders seek today's certification 
systems that can prove and improve besides helping them to develop the sustainability. Four certification systems are 
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widely used in Sweden, which are LEED, BREEAM SE, GreenBuilding and Miljöbyggnad. Each of these four 
building rating systems has its own characteristics and may be applied in different scenarios. However, it is usually 
very hard in practice for project owners to make a decision on which rating system should choose, due to the lack of 
the integrated comparison among these rating systems. This article aims to tackle this challenge, in which a comparison 
study will be conducted among these four systems through a combined method of evaluating prevailing aspects (i.e. 
processes/procedures, implementation costs, educational requirements and a SWOT analysis. Through extensive 
academic research, including sources such as surveys, scientific articles, and official sites, a knowledge matrix is 
assembled with information on origin, development, current status and future updates on the four certifications. In 
addition, the research results may allow readers to find the most optimal certification in dedicated situation, and 
avoiding extra expenses of time, money and effort. 
 
Nomenclature 

LEED  Leadership in Energy and Environmental Design 
BREEAM SE  Building Research Establishment Environmental Assessment Method adapted to Sweden 
SGBC  Sweden Green Building Council 
SWOT  Strengths, Weaknesses, Opportunities, and Threats 

2. Methodology 

Extensive review has been done on the assessment documentations of the four Swedish certification systems 
(Miljöbyggnad, Green Building, BREEAM SE and LEED), in order to understand how each of them works and 
operates. To enable the comparison, three conditions of different scales of buildings are considered. One smaller 
building condition in the size of < 5 000 m², one condition of mid-size buildings in the size of ≥ 5 000 m2 and < 50 000 
m², and one for larger projects in the size of ≥ 50 000 m² [1][2]. This wide range scale of projects thus allows a 
comprehensive comparison among the different certifications in terms of process, education, cost and categories 
accordingly. 

A SWOT analysis is further carried out in order to know how each of the four building rating systems positions 
itself in relation to the rest of the sector. SWOT analysis is a widely used matrix in marketing to evaluate and design 
strategies. In a simple way, it shows how a business has positioned itself in relation to the rest of the industry and on 
its own. The framework is composed of strengths, weaknesses, opportunities and threats. 

3. Comparison 

The analysis of these building certificates is implemented by comparing the four options in order to quantify and 
qualify the difference. In each one of them, we will carefully consider the requirements regarding the processes 
considered from the application to get the certification, the costs for the building to obtain the certification, the 
requirements related to the educational qualification of the certified evaluators, as well as the categories that these 
rating systems check to give their scores. 

3.1. Processes 

The processes for the certification bodies have one or more similar steps, while some bodies have more steps which 
does not really mean that it takes more time to get an assessment. For Miljöbyggnad [3][4] and GreenBuilding [5][6], 
they have review, clarification and certification in the same following orders, while they also have verifications and 
reports accordingly which are required after the certifications have been completed to ensure that the buildings meet 
the post construction requirements. All the systems in general then require that registration is done for the project to 
the specific bodies that handles the certifications. Table 1 summarizes the main processes of each type of the 
certification systems. 
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Table 1. The processes of each type of certification [1][2]  
Miljöbyggnad GreenBuilding BREEAM SE LEED 

Registration Registration Employ assessor Registration 

Pre-notification  Application Pre-Assessment Verify 

Application Verification  Registration Submit application 

Review Review  Application Review 

Clarification Clarification Pre-Certification Certification 

Certification Certification Review  

Verification Reports Certification  

3.2. Costs 

Similar as the processes, there has been selection of three buildings with different size to be compared and the cost 
of certifying them. According to the available data, Miljöbyggnad [3][4] is the cheapest one while LEED [7] in the 
present day seems to be cheap for smaller buildings but they are almost four times as expensive as Miljöbyggnad for 
larger buildings. The GreenBuilding costs indicated are only for registration and certification. All costs regarding 
design and documentation are excluded. In Table 2, the cost for each building rating system in different building scales 
is present. 

Table 2. Cost for certification in different areas (square meters) [1][2] 
 < 5000 m² 

SGBC 
members 

≥ 5000 m2 and 
< 50000 m² 
SGBC 
members 

≥ 50000 m² 
SGBC members 

< 5000 m² 
Non- SGBC 
members 

≥ 5000 m2 and < 
50 000 m² Non- 
SGBC members 

≥ 50000 m² Non- 
SGBC members 

Miljöbyggnad 
(New 
construction), 
in Euros (€) 

3.180,00* 

 (Small houses) 

6.825,00* 

 (Local 
construction 
small) 

8.270,00* 

 (Local 
construction 
large) 

For non-
members 43% 
will be added 
to the listed 
prices below. 

  

BREEAM SE, 
in Euros (€) 

5.260,00* 8.925,00* 13.080,00* 7.520,00* 12.750,00* 18.680,00* 

LEED, in 
Euros (€) 

Registration and certification fees are subject to change and are calculated on the dates of registration and 
certification submission 

 Existing 

building 

New building New complex 

building 

   

GreenBuilding, 
in Euros (€) 

1.265,00* 1.632,00* 2.160,00* These fees 
include: 
Registration 
and Review 
minus 
Additional 
charges 

  

*Approximate values after conversion of Swedish Krona to Euro 

3.3. Education 

The education in building rating system varies among the certifying bodies, as indicated in Table 3. In BREEAM 
[8] and LEED, the certifying bodies offer both online and offline courses, while Miljöbyggnad has two different 
courses offered by SGBC. In addition, SGBC also offers courses in BREEAM and LEED, but they are just basic 
courses and not for assessors and/or accredited professionals. However, BREEAM is the only system where it is 
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required to have an assessor in the building project, but LEED and Miljöbyggnad recommends the use of a certified 
person in the project to overlook the process from the design phase until the review. According to SGBC (2018), most 
of the projects with a certified person have a higher success rate. 

Table 3. Education steps with the different systems [1][2] 
 Miljöbyggnad GreenBuilding BREEAM SE LEED 
Title Certified 

Environmental Building 
Coordinator 

AG Assessor, Accredited 
Professionals (AP). 

Green Associates (GA), 
Accredited Professionals (AP) 

Duration 2 days course N/A 3-4 days course Online course 
Cost, in Euros 
(€) 

945,00** for SGBC 
members, and 1.350,00* for 
non- SGBC members 

N/A 1.880,00* (732,00* **) for 
SGBC members, and 
2.505,00* for non- SGBC 
members (1.060,00*) 

Subscription at approx. 1.330,00* 
(Courses from 300,00* – 
1.540,00*) 

Mandatory Yes Yes Yes Yes 

*(AP Assessor Top-up). 
**Approximate values after conversion of Swedish Krona to Euro 

3.4. Categories 

Each certificate system frames the rating categories in different areas. For this study, 25 categories are listed for the 
four building rating systems as below Table 4. Scoring is applied in all the certifications that has requirements as to 
the related category.  

Table 4. Different categories of the certification systems [1][2] 
 Miljöbyggnad BREEAM SE LEED GreenBuilding 
Energy     
Energy use X X X X 
Energy impact X X X  
Water     
Use  X X  
Recycling/waste water  X X  
Indoor environment and health     
Sound X X   
Light X X X  
Air quality X X X  
Moisture X X   
Thermal climate X X X  
Legionella X X   
Radon X X   
Material     
Recycling  X X  
Purchase and source  X X  
Dangerous substances X X   
Innovation  X X  
Transport  X X  
Geographical consideration   X  
Waste disposal  X X  
Land and ecology  X   
Impurities  X   
Management and steering  X X  
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4. SWOT analysis 

SWOT analysis has been widely used as the basis of management and strategic planning in several areas of activity, 
and the case of the construction and energy efficiency sectors is no exception. The companies and professionals use 
this analysis to make an environmental analysis, since it consists of making a complete diagnosis about the business 
and the environment that surrounds. It can be used for any type of scenario analysis, from the creation a new project 
to the management of a multinational. This is an example of a simple system to position or verify the strategic position 
of the company/institution in the environment in question.  

In summary, the information collected previously will be arranged in the form of topics defining as strengths, 
weaknesses, opportunities and threats related to the green building rating systems operating in the Swedish market, in 
order to clarify the comparison between the different types of certification, as seen in Figures 1 (a and b) and 2 (a and 
b). 

 

   

Fig. 1. SWOT Analysis of Miljöbyggnad (a) and GreenBuilding (b) rating system. 

   

Fig. 2. SWOT Analysis of BREEAM SE (a) and LEED (b)rating system. 
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5. Conclusion 

Nowadays it becomes fundamental to be aware of the differences and advantages of one certificate for another since 
the many differences can bring advantages when it comes to the certification of a building. For each client, for each 
project, a careful evaluation should be made to understand which of the certificates available in the market can bring 
more benefits, both for the building itself, for investors, and for local society and daily users. It will not then be possible 
to state which of the four certificates evaluated in this article is the best for Swedish constructions, since the prism on 
this decision brings us innumerable possibilities. It remains only to confirm what had been proposed at the beginning, 
where the individual need of the project must be considered for each situation, avoiding extra expenses of time, money 
and effort. 
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