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Abstract: Building energy renovations demand expertise from professionals to guide pro-
cesses, including diagnostics, project planning, interventions, and maintenance. The 
emergence of open-access AI, like ChatGPT in November 2022, offers new possibilities for 
improving these processes by assisting or potentially replacing human experts. This study 
explores the effectiveness of ChatGPT in diagnosing energy renovation measures. Initial 
assessments involve basic queries to the AI, followed by the inclusion of additional data 
and secondary questions to gauge its full diagnostic potential. An existing building case 
from the literature is given to the AI to define the best energy renovation measures. Expert 
evaluations and comparisons with research-backed solutions assess the AI’s performance 
using different degrees of questioning details over 60 repetitions. The results indicate that 
ChatGPT can provide valuable insights and generate comprehensive lists of feasible 
measures and preliminary cost calculations and payback, but, in general, it lacks depth 
and quality without specialized input and preparation. A significant quality improvement 
was found between the tests with 2023 and 2024 AI versions. Open-access AI proves ca-
pable of enhancing renovation diagnostics but remains a complement rather than a re-
placement for building renovation expert judgment. This research underscores the poten-
tial of mainstream AI to democratize access to knowledge, albeit with limitations tied to 
its dependence on quality inputs and contextual expertise. 

Keywords: artificial intelligence; building energy renovation; decarbonization; ChatGPT;  
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1. Introduction 
Artificial intelligence (AI) has revolutionized numerous industries, and the construc-

tion sector is no exception. With its capacity to process vast datasets, identify patterns, 
and make informed decisions, AI is a potential key tool to transform building refurbish-
ment processes. This paper explores the potential of AI, specifically ChatGPT, to function 
as a virtual energy specialist in building refurbishments. By examining the capabilities of 
this advanced language model, we aim to assess its feasibility as a tool to support human 
experts in the renovation process. 
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Recent research highlights the transformative potential of AI across various domains, 
particularly in construction, where it can enhance productivity and address challenges 
through its subfields, such as Machine Learning (ML), robotics, natural language pro-
cessing, and optimization techniques [1]. Among these, AI chatbots stand out for their 
cost-effectiveness and practical applicability, providing realistic insights at a favorable 
cost–benefit ratio [2]. 

The roots of AI date back to the mid-20th century, with foundational contributions 
from pioneers like Alan Turing and John McCarthy. Innovations such as ELIZA, 
SHRDLU, and MYCIN catalyzed research into ML algorithms and neural networks [3]. 

On the other hand, AI’s potential for different purposes relates to the need for longer 
or shorter training periods. That is, even though ML systems must be adequately re-
searched and trained, for general society or mainstream purposes, they can help with 
shorter training periods by becoming dissemination tools, mainly oriented to communi-
cating main messages and adjusting the technical speech to each individual user. For spe-
cialized uses, ML or AI tools in general must be adequately researched and trained in the 
field in which they will be used following consolidated and highly specialized databases. 
But this all will require further developments, which should not hinder the mainstream 
use of AI chatbots or other basic ML tools. 

Accordingly, this study focuses on mainstream users and free-access AI, specifically 
ChatGPT [4], a pivotal development built on OpenAI’s GPT-3.5 architecture, trained until 
July 2023. Its advanced language modeling and natural language processing capabilities 
showcase AI’s potential for simulating human-like interactions and delivering actionable 
insights. 

AI’s versatility extends across industries, revolutionizing healthcare, finance, trans-
portation, and more. In building energy renovations, AI can analyze large datasets to op-
timize energy efficiency and reduce environmental impact [5]. While promising, this 
study critically examines whether ChatGPT can replace or contribute to expert diagnoses 
in renovation projects, balancing its advanced abilities with its current limitations. 

On the limitations side, it is important to keep in mind that AI chatbots can respond 
with “hallucinations” or invented references to fill some gaps and avoid not responding 
to the requested prompt. Recent research from medical studies raises concern due to the 
risk of following fast decisions in their vast literary field and recommends systematic re-
views [6,7]. 

In this matter, a key role is played by defining and reviewing the proper use of Har-
monized Standards for AI. These legal aspects can contribute to or hinder the develop-
ment of these tools and their use at multiple levels. According to the newest JRC report, 
“the European Union adopted the AI Act in August 2024, and the provisions for high-risk 
AI systems will start to apply after a transition period of 2 or 3 years” [8]. So, AI is still 
developing, and the results of this harmonization are still unclear. 

2. Materials and Methods 
To understand whether AI can replace or contribute to building renovation experts’ 

diagnoses, a two-stage experiment was conducted using the most recent free-access AI 
tool of ChatGPT [4], first in July 2023 and later in December 2024 [9]. This experiment 
consisted of 2 stages with a set of 10 iterations of 3 questions asking the AI what measures 
we could use to retrofit a reference house. Similar approaches of repetition of questions 
and answers from AI chatbots have been described in recent studies (“This could lead to 
the development of even more advanced chatbots and virtual assistants to handle com-
plex tasks and provide personalized recommendations and advice” [10]), in addition to 
how the ChatGPT model “highlights conversational AI’s role in fostering learning, critical 
thinking, and iterative information use” [11]. 
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These 10 iterations help to visualize the variability of the AI tool greatly. The 3 ques-
tions are prompts that include the key data of our research case and allow us to evaluate 
the responses using different preparation degrees for the AI tool. This preparation repre-
sents the knowledge of the user, meaning that while a non-expert would ask simple ques-
tions using basic data on a building, an experienced user would create a more complex 
request, adding details, regulations, methods, etc. The fast development of this tool dur-
ing 2023 and 2024 suggested the need for running a second stage, as the results confirmed 
afterwards. 

The first question (Q1) is asked without any further preparation and facilitates stand-
ard information that any owner could have. The second question (Q2) repeats the same 
request but adds technical data about the building envelope features and construction 
regulations, to enlarge its preparation. The third and final question (Q3) specifically re-
quests the AI tool to follow a specialized method to see if the AI tool can apply it or 
whether it would need an expert’s help. If any response forgets to add any references, the 
AI tool is asked once again to remember to include justifications and references. Table 1 
gathers all the questions. 

The case was selected from the literature because it is a simple single-family house 
that was studied by experts using comprehensive research [12]. The results of that study 
were considered for the evaluation of the AI responses. 

Each of the 60 responses is analyzed using five parameters: the number of ambition 
levels, the number of renovation measures, the number and type of references, types of 
assessment (qualitative, quantitative or mixed), and finally the quality of the answer. This 
quality level is evaluated as follows: 

• Low: General recommendations but missing important aspects. 
• Low–Medium: General recommendations, embracing passive and active solutions. 
• Medium: General recommendations, with a few numbers or descriptions to fit the 

case better. 
• Medium–High: Detailed recommendations, with some building and location aspects. 
• High: Detailed and comprehensive answers, fitting most building and location as-

pects. 
The comparison of the number of ambition levels, renovation measures, and refer-

ences can help identify the connection between preparation and response. The potential 
correlations between ambition levels and renovation measures of all the responses are 
studied. 

Finally, the evaluations are also assessed globally, using total and average scores 
combining the 10 iterations of each of the 3 questions. 

Table 1. Questionnaire template. 

Questions Prompts 

Q1 

We want you to respond like if you were a building energy specialist. We 
are going to describe a case study. 
A wooden terraced house in Oslo, constructed in 1997, with a basement and 
two upper floors. The basement is reinforced concrete and the upper floors 
are made of a wood frame. The dwelling has not been retrofitted, so we 
think it has around 20 cm of insulation. These are some extra details of the 
building: 
Basement, Floor area: 46 m2 Volume: 102.0 m3 
Ground floor, Floor area: 53 m2 Volume: 127.2 m3 
First floor, Floor area: 47 m2 Volume: 112.8 m3 
Heating system: Electric panel heaters 
Heating source: Electricity 
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Ventilation system: Centralized mechanical extract ventilation, airflow: 1.36 
m3/hm2 
We want to ask you for measures to retrofit the house. We want these 
measures to be passive solutions. Explain your recommendations for 
different ambition levels for renovation. Do not forget to justify all your 
results with reasons and adding their references, like reports, documents, 
papers, case studies, etc. 
 

Q2 

We want to add some details: The applicable building energy regulation for 
this building, the Norwegian standard TEK 87 (1987), indicates that the U-
values are the following U-Wall: 0.30 U-Basement wall: 0.38 U-Roof: 0.30 U-
Window: 2.40 U-Door: 2.00 U-Floor: 0.20. 
With this extra information, could you please answer the request again: We 
want to ask you for measures to retrofit the house. We want these measures 
to be passive solutions. Explain your recommendations for different 
ambition levels for renovation. Do not forget to justify all your results with 
reasons and adding their references, like reports, documents, papers, case 
studies, etc. 

Q3 

We want you to develop your previous answer using the Life Cycle Cost 
methodology (LCC) to evaluate the renovation potential using the following 
passive measures: wall insulation, ground floor insulation, internal floor 
insulation, ceiling/roof insulation, windows replacement, door replacement 
and airtightness.  
With this extra information, could you please answer the request again: We 
want to ask you for measures to retrofit this house in Oslo, as described 
before. We want these measures to be passive solutions. Explain your 
recommendations for different ambition levels for renovation. Do not forget 
to justify all your results with reasons and add their references, like reports, 
documents, papers, case studies, etc. 

Requesting 
references 

Could you please tell me the references for your previous recommenda-
tions? 

To respond to this challenge, three questions are stated: 

• Can open-access AI replace or contribute to building renovation experts’ diagnoses? 
• Can AI give good energy-efficient recommendations to renovate a certain building? 
• Is the quality of the answer connected to the level of knowledge of the user and the 

detail included in the question? 

3. Results and Discussion 
3.1. Particular Assessment of the AI Responses 

Analyses are performed in each stage on the ten iterations and three questions, reg-
istering how each response fits the five parameters studied. The main results of the first 
stage, using the free version of ChatGPT in July 2023, are presented in Table 2, Table 3, 
and Table 4 for Q1, Q2, and Q3, respectively. The main results of the second stage, using 
the free version of ChatGPT in December 2024, are in Table 5, Table 6, and Table 7 for Q1, 
Q2, and Q3. 
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Table 2. Summary and evaluation of the responses from Q1, free version of ChatGPT, 2023. 

Iterations 
Number of 
Ambition 

Levels 

Number of 
Renov. 

Measures 
Number of References Type of Assessments Quality of the Answers 

Test 1 3 8 
no references 

(4 guides more after 
request) 

Qualitative Medium 

Test 2 5 8 
1 guide 

3 institutions 
2 scientific papers 

Qualitative Medium–High 

Test 3 4 14 
2 guides 

3 scientific papers 
Qualitative Low–Medium 

Test 4 3 11 

5 guides 
1 unclear publication 

(1 institution more after 
request) 

Qualitative Low–Medium 

Test 5 4 7 4 institutions Qualitative Low–Medium 
Test 6 3 8 7 institutions Qualitative Low–Medium 

Test 7 3 6 
1 guide 

3 institutions 
2 scientific papers 

Qualitative, a few quan-
titative 

Medium 

Test 8 4 17 
4 institutions 

(2 institutions more after 
request) 

Qualitative Low–Medium 

Test 9 3 7 
1 guide 

1 institution 
1 scientific paper 

Qualitative Medium 

Test 10 3 11 
5 guides 

1 institution 
3 scientific paper 

Qualitative Low–Medium 

Total/ 
Average 

3.5 9.7 

1.2 guides/reports 
2.3 institutions 

1.0 scientific papers 
0.1 unclear publications 

90% Qualitative 
10% partly quantitative 

60% Low–Medium 
30% Medium 

10% Medium–High 

Table 3. Summary and evaluation of the responses from Q2, free version of ChatGPT, 2023. 

Iterations 
Number of 
Ambition 

Levels 

Number of 
Renov. 

Measures 
Number of References Type of Assessments Quality of the Answers 

Test 1 3 6 
no references 

(4 guides more after re-
quest) 

Qualitative, a few quanti-
tative 

Medium 

Test 2 5 8 
1 guide 

3 institutions 
Qualitative Medium–High 

Test 3 3 9 
2 guides 

3 scientific papers 
Qualitative Medium 

Test 4 3 9 
8 guides 

1 unclear reference 
Qualitative, a few quanti-

tative 
Medium 

Test 5 4 7 4 institutions 
Qualitative, a few quanti-

tative 
Medium 

Test 6 3 6 
1 guide  

5 institutions 
Qualitative, a few quanti-

tative 
Medium 
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Test 7 3 7 
1 guide  

(7 institutions more af-
ter request) 

Qualitative Medium 

Test 8 4 10 4 institutions 
Qualitative, a few quanti-

tative 
Medium 

Test 9 3 6 
1 guide 

1 institution 
1 scientific paper 

Qualitative Medium 

Test 10 3 10 
4 guides/reports 

2 institutions 
Qualitative, a few quanti-

tative 
Medium–High 

Total/ 
Average 

3.4 7.8 

1.8 guides/reports 
1.9 institutions 

0.1 scientific papers 
0.1 unclear publications 

40% Qualitative 
60% partly quantitative 

80% Medium 
20% Medium–High 

Table 4. Summary and evaluation of the responses from Q3, free version of ChatGPT, 2023. 

Iterations 
Number of 
Ambition 

Levels 

Number of 
Renov. 

Measures 
Number of References Type of Assessments Quality of the Answers 

Test 1 1 (not used) 
7 (7 asked 

items) 
7 guides Qualitative Low–Medium 

Test 2 4 10 3 institutions Qualitative Medium 

Test 3 3 8 
1 guide 

3 scientific papers 
Qualitative Low–Medium 

Test 4 3 9 6 institutions Qualitative Low–Medium 

Test 5 
(Not per-
formed) 

(Not per-
formed) 

(Not performed) (Not performed) 
AI requested more 

information on energy 
prices, lifespan, costs 

Test 6 3 13 4 guides 
Qualitative and 

quantitative 
Medium–High 

Test 7 3 7 
1 guide 

2 scientific papers 
Qualitative Low–Medium 

Test 8 4 9 4 guides 
Qualitative, a few 

quantitative 
Medium–High 

Test 9 1 (not used) 
7 (7 asked 

items) 

4 guides 
4 institutions 

2 scientific papers 
Qualitative Low–Medium 

Test 10 3 11 6 guides/reports 
Qualitative, a few 

quantitative 
Medium–High 

Total/ 
Average 

2.8 9.0 
2.7 guides/reports 

1.3 institutions 
0.7 scientific papers 

60% Qualitative 
20% partly quantitative 

10% qualitative and 
quantitative 

10% not completed 

50% Low–Medium 
10% Medium 

30% Medium–High 
10% not completed 
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Table 5. Summary and evaluation of the responses from Q1, free version of ChatGPT, 2024. 

Iterations 
Number of 
Ambition 

Levels 

Number of 
Renov. 

Measures 
Number of References Type of Assessments Quality of the Answers 

Test 1 3 10 

3 guides/reports 
5 institutions 

1 scientific paper 
1 unclear publication 

Qualitative, a few quan-
titative 

Medium 

Test 2 3 10 
 guides/reports 

1 institutions 
9 scientific papers 

Qualitative, a few quan-
titative 

Medium 

Test 3 3 11 
2 guides/reports 

5 institutions 
Qualitative, a few quan-

titative 
Medium 

Test 4 3 10 
6 guides/reports 

1 institution 
Qualitative, a few quan-

titative 
Low–Medium 

Test 5 3 11 
4 guides/reports 

5 institutions 
1 scientific paper 

Qualitative, a few quan-
titative 

Low 

Test 6 3 10 
5 guides/reports 

1 institution 
2 scientific papers 

Qualitative, a few quan-
titative 

Low–Medium 

Test 7 3 11  4 institutions 
Qualitative, a few quan-

titative 
Low–Medium 

Test 8 3 12 
2 guides/reports 

1 institution 
6 scientific papers 

Qualitative, a few quan-
titative 

Low–Medium 

Test 9 3 10 
5 guides/reports 

4 institutions 
Qualitative, a few quan-

titative 
Low 

Test 10 3 10 
5 guides/reports 

4 institutions 
Qualitative, a few quan-

titative 
Low–Medium 

Total/ 
Average 

3.0 10.5 

3.2 guides/reports 
3.1 institutions 

1.9 scientific papers 
0.1 unclear publications 

90% Qualitative 
10% partly quantitative 

20% Low 
50% Low–Medium 

30% Medium 

Table 6. Summary and evaluation of the responses from Q2, free version of ChatGPT, 2024. 

Iterations 
Number of 
Ambition 

Levels 

Number of 
Renov. 

Measures 
Number of References Type of Assessments Quality of the Answers 

Test 1 3 14 
4 guides/reports 

5 institutions 
2 unclear publications 

Qualitative and 
quantitative 

Medium–High 

Test 2 3 11 
1 institution 

8 scientific papers 
Qualitative, a few 

quantitative 
Medium 

Test 3 3 9 5 institutions 
Qualitative, a few 

quantitative 
Medium 

Test 4 3 11 
3 guides/reports 

3 institutions 
1 scientific paper 

Qualitative, a few 
quantitative 

Low–Medium 

Test 5 3 14 
3 guides/reports 

3 institutions 
5 scientific papers 

Qualitative and 
quantitative 

Low–Medium 
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Test 6 3 12 
5 guides/reports 

2 institutions 
3 scientific papers 

Qualitative, a few 
quantitative 

Low–Medium 

Test 7 3 13 
1 guide/report 
5 institutions 

Qualitative, a few 
quantitative 

Low–Medium 

Test 8 3 16 
1 guide/report 
2 institutions 

5 scientific papers 

Qualitative, a few 
quantitative 

Low–Medium 

Test 9 3 11 
3 guides/reports 

1 institution 
Qualitative, a few 

quantitative 
Low–Medium 

Test 10 3 11 
7 guides/reports 

3 institutions 
Qualitative, a few 

quantitative 
Low–Medium 

Total/ 
Average 

3.0 12.2 

2.7 guides/reports 
3.0 institutions 

2.2 scientific papers 
0.2 unclear publications 

80% partly quantitative 
20% qualitative and 

quantitative 

70% Low–Medium 
20% Medium 

10% Medium–High 

Table 7. Summary and evaluation of the responses from Q3, free version of ChatGPT, 2024. 

Iterations 
Number of 
Ambition 

Levels 

Number of 
Renov. 

Measures 
Number of References Type of Assessments Quality of the Answers 

Test 1 3 14 7 guides Qualitative Low–Medium 
Test 2 3 8 3 institutions Qualitative Medium 

Test 3 3 8 
1 guide 

3 scientific papers 
Qualitative Low–Medium 

Test 4 3 7 6 institutions Qualitative Low–Medium 

Test 5 3 12 (Not performed) (Not performed) 
AI requested more 

information on energy 
prices, lifespan, costs 

Test 6 3 10 4 guides 
Qualitative and 

quantitative 
Medium–High 

Test 7 3 16 
1 guide 

2 scientific papers 
Qualitative Low–Medium 

Test 8 3 13 4 guides 
Qualitative, a few 

quantitative 
Medium–High 

Test 9 3 9 
4 guides 

4 institutions 
2 scientific papers 

Qualitative Low–Medium 

Test 10 3 17 6 guides/reports 
Qualitative, a few 

quantitative 
Medium–High 

Total/ 
Average 

3.0 11.4 

1.0 guide/report 
1.8 institutions 

0.8 scientific papers 
0.3 unclear publications 

60% qualitative 
20% partly quantitative 

10% qualitative and 
quantitative 

10% not completed 

50% Low–Medium 
10% Medium 

30% Medium–High 
10% not completed 

3.2. Levels of Ambition, Number of Renovation Measures, and Number of References 

In the first stage with the 2023 tool, the responses do not show a clear pattern in the 
way the AI tool responds; perhaps the ambition levels in Q1 and Q2 are reduced slightly 
in Q3. The most detailed third question was often responded to without considering any 
ambition levels. The answers are plotted for visual analysis in Figures 1 and 2. 
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Figure 1. Analysis of the open AI answers regarding ambition, renovation measures, and references, 
using the free version of ChatGPT in 2023. 

As shown in Figure 1, the trend changes when focusing on the number of suggested 
measures. The AI tool responds initially with a larger number of items compared to the 
more detailed second and third questions. This helps open the scope to include a variety 
of aspects of building renovations. The responses are very wide and propose many pas-
sive improvements, like in the envelope, active system renovation, and the use of renew-
ables. Also, certain, less common, measures are mentioned in some cases, like control im-
provement and smart energy management. On top of these, some of the enhancements 
not only focus on energy efficiency but also prioritize sustainability, like the installation 
of a green roof. 

Looking into the number of references, Q1 and Q2 are rather similar, but this number 
goes down in Q3 slightly. In some cases, the recommendations do not include references, 
unless you ask the AI tool repeatedly; these additional references are not taken into ac-
count for the global result but are presented to show how the AI tool’s potential is limited 
in some cases. The references given correspond to general guides or websites of public 
institutions or companies, not specific study results or applicable measures. In detail, the 
average Q1 answers involve 1.2 guides/reports, 2.3 institutions, 1.0 scientific papers, and 
0.1 unclear publications. On average, Q2 shows 1.8 guides/reports, 1.9 institutions, 0.1 sci-
entific papers, and 0.1 unclear references. On average Q3 indicates 2.7 guides/reports, 1.3 
institutions, and 0.7 scientific papers. 

The second-stage results, obtained with the December 2024 version of this AI tool, 
showed some clear differences, as depicted in Figure 2. First, all the answers fit what was 
asked in Q1 and include three ambition levels for this building renovation. Second, the 
number of renovation measures presents a subtle trend of increasing after the prepara-
tions of Q2 and Q3, from 10.5 to 12.2 and 11.4 as the average measures, which are always 
more than the previous stage, with 9.7, 7.8, and 8.2 as the average measures. Finally, the 
number of references is richer than in the anterior stage and shows a clear downward 
slope from Q1 to Q3, partly when more details are provided and greatly when a specific, 
detailed calculation method is requested. 
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Figure 2. Analysis of the open AI answers regarding ambition, renovation measures, and references, 
using the free version of ChatGPT in 2024. 

3.3. Types of Assessment and Answer Quality 

During the first stage with the 2023 tool, Figure 3 shows that the AI recommendations 
are, in general, qualitative, and only some include quantitative assessments. On the other 
hand, even though the AI tool was asked to follow the LCC methodology, it failed to use 
it for recalculating or modifying the recommendations in most of the iterations. In other 
words, the AI tool continues responding using general recommendations from the litera-
ture that include LCC. 

In general, all the responses evidence a medium or somewhat low quality of assess-
ments. The responses are general, indicating qualitative concepts as renovation possibili-
ties, but without giving any quantitative assessments, the user could not know which ones 
are better for a certain case. 

 

Figure 3. Analysis of the open AI answers regarding the type and quality of the assessment, using 
the free version of ChatGPT in 2023. 

The ulterior stage, using the ChatGPT free version of December 2024, presented some 
relevant differences, as gathered in Figure 4. First, all the recommendations are now sup-
ported at least partly by numerical values. This can be seen already in Q1 when asked 
without any preparation. Furthermore, the type of assessment and the quality improve 
slightly in Q2 and clearly in Q3. This happens because the AI starts calculating paybacks 
for this building’s size and conditions, and some LCCs as well. The extension and detail 
of around half of the Q3 responses are remarkable because they show quantitative and 
Medium–High-quality answers. 
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Figure 4. Analysis of the open AI answers regarding the type and quality of the assessment, using 
the free version of ChatGPT in 2024. 

On the other hand, looking at the potential correlations between the three numerical 
indicators, the correspondences are weak, with R2 below 0.34 and a high scattering. For 
this reason, the results are not included in detail in this discussion. 

3.4. Examples of AI Responses 

It is important to understand that AI responses can gather significant variability. 
Apart from the proposed methodology of this study, the questionnaire and the iterations 
allowed for a good variety of AI responses to be seen. Some examples of stage 1, using the 
2023 tool, are listed in Tables 8 and 9. Two response examples of stage 2, using the 2024 
version, are long and have been included in Appendix A. 

Table 8. AI 2023 response examples for Q1 and Q2: Low–Medium quality (Stage 1, Test 3, Q1) and 
High–Medium quality (Stage 1, Test 10, Q2). 

In Test 3, When Prompted with Q1 (See Table 1), 
ChatGPT 2023 [4] Generated the Following Text: 

In Test 10, When Prompted with Q2 (see Table 1), 
ChatGPT 2023 [4] Generated the Following Text: 

“As a building energy specialist, I understand the im-
portance of recommending energy-efficient and passive 
solutions for retrofitting the wooden terraced house in 
Oslo. Passive solutions aim to reduce energy consumption 
without relying heavily on mechanical systems. Here are 
my recommendations for different ambition levels of reno-
vation, along with their justifications: 
Ambition Level 1: Basic Energy Retrofit 
1. Improved Insulation: Enhance the building enve-

lope’s thermal performance by adding additional in-
sulation to the walls, roof, and basement. I recom-
mend increasing the insulation thickness to at least 30 
cm, which will significantly reduce heat loss and im-
prove energy efficiency. 

2. Airtightness: Address any air leaks and drafts in the 
building by sealing gaps around windows, doors, and 
other potential air infiltration points. A well-sealed 
building envelope will prevent heat loss and improve 
indoor comfort. 

“Thank you for providing the additional information 
about the applicable building energy regulation for the 
wooden terraced house in Oslo (TEK 87). With the U-val-
ues specified, I can now provide more accurate and tar-
geted recommendations for retrofitting the house with pas-
sive solutions. Here are the suggestions for different ambi-
tion levels of renovation: 
1. Basic Level: At this level, the focus is on cost-effective 

measures that improve energy efficiency without ma-
jor structural changes. 

a. Increased Wall and Roof Insulation: Since the cur-
rent U-values for walls and the roof are relatively 
high (U-Wall: 0.30, U-Roof: 0.30), it is advisable to 
add additional insulation. External wall insulation 
can be applied to improve U-values to at least 0.15 
for walls and roofs, ensuring better thermal perfor-
mance. 

b. Window and Door Upgrades: Upgrade the exist-
ing windows and doors to models with lower U-
values. Aim for double or triple-glazed windows 
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3. Energy-Efficient Windows: Replace the existing win-
dows with energy-efficient double or triple-glazed 
windows. High-performance windows with low U-
values will minimize heat transfer and contribute to 
better thermal comfort. 

4. Passive Solar Design: Utilize passive solar design 
principles to maximize solar gain during the winter 
months. This can involve optimizing window place-
ment and size to capture natural heat and light. 

5. Shading and Ventilation: Incorporate external shad-
ing elements such as awnings or deciduous trees to 
prevent overheating during the summer while allow-
ing solar gain during winter. Additionally, natural 
ventilation strategies can be employed to reduce the 
need for mechanical cooling. 

6. Heat Recovery Ventilation (HRV): Upgrade the exist-
ing mechanical extract ventilation system to a heat re-
covery ventilation system. HRV will recover heat 
from the exhaust air and preheat the incoming fresh 
air, reducing the heating load. 

Ambition Level 2: Advanced Energy Retrofit 
Deep Energy Retrofit: Implement a comprehensive deep 
energy retrofit that include…” [4]. 

with U-values close to or below 1.0 and doors with 
U-values below 1.2. 

c. Air Sealing and Draft Proofing: Address air leaks 
and drafts by applying weatherstripping and 
caulking around doors, windows, and other po-
tential leakage points. 

Justification: 
o The Passive House Institute, in its “Passive House 

Planning Package (PHPP),” emphasizes the im-
portance of achieving lower U-values for walls, roofs, 
windows, and doors to meet passive house standards 
(Passive House Institute, 2021). 

o The International Energy Agency (IEA) report on “En-
ergy Efficiency Policies and Measures Database” rein-
forces the significance of increasing insulation and 
upgrading windows and doors for energy-saving in 
buildings (IEA, 2019). 

2. 2. Moderate Level: This level builds upon the basic 
measures and introduces more comprehensive up-
grades. 

a. Basement Insulation: Since the basement currently 
has a U-value of 0.38, consider…” [4]. 

Table 9. AI 2023 response examples for Q3: Low-Medium quality (Stage 1, Test 5, Q3) and High-
Medium quality (Stage 1, Test 8, Q3). 

In Test 5, When Prompted with Q3 (see Table 1), 
ChatGPT 2023 [4] Generated the Following Text: 

In Test 8, When Prompted with Q3 (see Table 1), 
ChatGPT 2023 [4] Generated the Following Text: 

“Certainly! Let’s evaluate the renovation potential of the 
wooden terraced house in Oslo using the Life Cycle Cost 
(LCC) methodology for the passive retrofit measures you 
mentioned: wall insulation, ground floor insulation, inter-
nal floor insulation, ceiling/roof insulation, windows re-
placement, door replacement, and airtightness. The LCC 
methodology takes into account the initial costs, opera-
tional costs, and savings over the building’s lifecycle to as-
sess the economic feasibility of different retrofit options. 
Before proceeding, I need some additional information to 
perform a comprehensive LCC analysis: 
1. Local Energy Prices: Please provide the current en-

ergy prices for electricity used for heating and other 
energy sources (if applicable). This information will 
be essential to calculate the operational costs associ-
ated with each retrofit measure. 

2. Expected Lifespan and Maintenance Costs: Provide 
the expected lifespan of each retrofit measure and any 
associated maintenance costs over that period. 

Once you provide this information, I will proceed with the 
LCC analysis and provide detailed recommendations for 
different levels of ambition for renovation.” [4]. 

“Certainly! To evaluate the renovation potential using the 
Life Cycle Cost (LCC) methodology for the wooden ter-
raced house in Oslo, I will consider the passive retrofit 
measures you mentioned: wall insulation, ground floor in-
sulation, internal floor insulation, ceiling/roof insulation, 
windows replacement, door replacement, and airtightness 
improvement. LCC takes into account both the initial in-
vestment cost and the operational savings over the build-
ing’s life cycle. The aim is to determine the most cost-effec-
tive retrofit solutions. Here are the recommendations for 
different ambition levels of renovation: 
1. Low Ambition Level: Enhancing Insulation For the low 
ambition level, the focus is on enhancing insulation to re-
duce energy consumption and operating costs. 
a. Wall Insulation: Adding external insulation with a U-
value of 0.15 to achieve a significant improvement from 
the current U-value of 0.30. 
• Justification: External wall insulation is a proven and 

effective measure to reduce heat loss and improve en-
ergy efficiency (source: “Building Envelope Retrofit 
Strategies”—National Renewable Energy Laboratory). 

b. Ground Floor Insulation: Increase the floor insulation to 
achieve a U-value of 0.10 or lower. 
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• Justification: A well-insulated ground floor pre-
vents heat loss to the ground and improves overall energy 
efficiency. 
2. Medium Ambition Level: Airtightness Improvement For 
the medium ambition level, airtightness improvement is 
combined with insulation measures for better energy effi-
ciency. 
a. Airtightness Measures: Implement airtightness 
measures to achieve an airtightness level of at least 3.0 air 
changes per hour (ACH) at 50 Pascals. 
• Justification: Reducing air leakage…” [4]. 

4. Discussion 
This study has evaluated the potential for assessing a single-family building renova-

tion with two versions of the ChatGPT AI in 2023 and 2024, and found a significant im-
provement between them. The second stage, conducted with a recent version from De-
cember of 2024, can perform quantitative calculations and reach high-quality answers by 
presenting some basic tables with the LCC method and payback estimations. 

The results reflect that AI chatbots can provide good responses as a preliminary re-
view that can outline building renovation potentials. As the literature suggests, the an-
swers to the tests proved that the current publicly available and free AI tool can be a great 
tool to start with a certain topic, like building renovation. However, it is still not adequate 
for deeper work without the support of specialists because of the variability of responses’ 
quality, particularly due to the need for preparations like the ones of the Q2 and Q3 
prompts. 

Study limitations include the qualitative approach and the use of the free public ver-
sion of ChatGPT, which uses information from before 2022 and only from copyright-free 
sources like laws, regulations, open-source guidebooks, recommendations, and so on. 

Regarding the usability of the AI tool, the results show two main aspects: on the one 
hand, the quality and level of detail of the AI responses can depend greatly on the level 
of detail and knowledge included in the questions. This would point to more difficulties 
in obtaining good responses from non-expert users. On the other hand, despite providing 
detailed questions with additional information, the quality of the responses remains me-
dium in most of the tested iterations. 

One of the most positive sides of the AI tool’s potential is that, from the first question, 
a non-expert user can obtain a wide response covering many energy-saving measures. 
This is better than conventional internet searches because AI can open the view and im-
prove the understanding of a certain topic in a few minutes. 

As one of the negative sides, references are missing in many cases (particularly in 
stage 1, using the 2023 version) unless you ask for them repeatedly, and they correspond 
more to general guides and public institutions and not so much to specific results or ap-
plicable measures. All the checked references were real, the majority belonging to institu-
tions or public guides, although not all of the references of the 60 iterations were checked. 

Regarding the first research question, the results indicate that open-access AI cannot 
replace building renovation experts’ diagnoses but can clearly contribute to providing 
some useful insights to non-expert users from the beginning. We can trust the findings, 
but for now, renovation experts’ guidance is clearly needed. Indeed, the AI tool recom-
mends contacting local experts: “These references can provide you with further insights 
and specific details on energy-efficient retrofitting measures. It’s always recommended to 
consult local construction codes, regulations, and seek professional advice to tailor the 
solutions to your specific case and ensure compliance with local standards.” [4]. 
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Looking at the second research question, the findings reflect that open-access AI can 
give good recommendations such as energy efficiency measures to renovate a certain 
building. The responses are rich and varied, opening the potential results further than 
conventional internet searches. The majority of the responses focus on passive measures, 
and significantly less active measures are proposed. 

The evaluation of the third research question about the knowledge of the user got 
different results in the versions from 2023 and 2024. The second stage indicated that a 
higher preparation level would probably give a better response. So, despite being a lim-
ited study, we can say that the quality of the answer is likely to be connected to the 
knowledge of the user and the details included in the question prompt. However, some 
iterations obtained poorer answers in Q3, despite showing longer or more detailed texts, 
and the content itself is sometimes less accurate. 

Further studies would be interesting to analyze this study and review in detail which 
measures are suggested in each test and question, to validate their correspondence with 
the recommendation of the studied literature case study. On the other hand, this study 
could be conducted with other AI tools with more training, like the paid version of 
ChatGPT or other AI tools, such as Google Gemini, Microsoft CoPilot, Chat Sonic, or oth-
ers. A preliminary check, following the same method, and in the latest AI version of Gem-
ini [13] from late 2024 was carried out. This complementary test found some similar re-
sults, as presented in Table 10. Another approach could consist of improving the prompt 
and focusing on how other fields of research use key prompt elements to push AI towards 
the desired direction. 

Table 10. Supplementary tests with AI chatbot Gemini [13] in November of 2024. 

AI Tool  
and Date 

Question 
Ambition 

Levels 
Renov. 

Measures 
References Type of Assessments Quality of the Answers 

Gemini, 
Nov. 2024 

Q1 3 7 2 institutions Qualitative Low–Medium 

Q2 3 10 2 institutions 
Qualitative, a few 

quantitative 
Medium 

Q3 3 5 1 institution Qualitative Low–Medium 

5. Conclusions 
This study explored the potential of ChatGPT, a free, publicly available, and open-

access AI tool, to replace or contribute to experts’ diagnoses in identifying building energy 
renovation measures. The findings demonstrate a significant improvement from the 2023 
to 2024 versions and that, while AI provides a promising starting point for non-expert 
users, its current capabilities fall short of substituting professional expertise. 

The AI tool performed well in generating broad and diverse recommendations, often 
surpassing conventional internet searches in scope and accessibility. This capacity to pro-
vide initial insights quickly can enhance understanding and support early-stage planning 
in energy renovation projects. However, its limitations include medium-quality responses 
in general and the need for an experienced user to obtain better responses, as proven by 
the Q2 and Q3 preparation and responses. In addition, inconsistent citation of references 
and reliance on outdated or public information are present in many answers. These factors 
highlight the necessity of building renovation experts’ involvement to verify, refine, and 
tailor AI-generated recommendations to each specific building context. In any case, the 
iterations evidence that AI’s response quality may still be unpredictable in complex sce-
narios. 

The second stage, conducted with recent versions and other AI tools in late 2024, 
found promising results that can apply more quantitative calculations to improve the 
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original trend of 2023 AI chatbots. For future studies, the instructions given and, in par-
ticular, the definition of the prompt should be reviewed to fulfil AI chatbots’ potential. 

During this study, the given building renovation recommendations were more fo-
cused on passive improvements (thermal envelope, airtightness, and ventilation) and less 
focused on active improvements, where they mainly mentioned solutions like PV panels 
and heat pump devices. Further studies would be required to continue assessing the va-
lidity of these recommendations and the AI’s given calculations. 

Overall, while ChatGPT can complement building renovation expert efforts, it cannot 
yet replace the nuanced judgment and adaptability of human professionals in the chal-
lenging field of building energy renovation. 
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Appendix A 
Two examples of stage 2 are presented here because of their length, using the 

ChatGPT 2024 free version [9]: a low-quality answer, in Q1, test 9, and a high-quality one, 
in Q3, test 3. 

Table A1. AI 2024 response examples for Q1: low quality (stage 2, test 9, Q1). 

Stage 2, Test 9: When Prompted with Q1 (see Table 1), ChatGPT 2024 [9] Generated the Following Text: 
“Retrofit Recommendations for a Wooden Terraced House in Oslo 
To enhance the energy efficiency and indoor comfort of the described wooden terraced house while reducing energy 
consumption, passive retrofitting measures can be implemented across low, medium, and high ambition levels. These 
measures consider Norway’s cold climate, typical heating demands, and modern energy efficiency guidelines. 
Low Ambition Level: Addressing Immediate Efficiency Gains 
1. Improved Air Tightness 

o Action: Seal leaks in the building envelope, particularly around windows, doors, and penetrations in the 
basement and roof. Use weatherstripping, caulk, or foam sealants. 

o Justification: Reducing infiltration minimizes heat loss, crucial in Oslo’s cold climate. Sealing gaps can 
achieve a reduction in energy demand by 10–15% (source: IEA EBC Annex 5). 

o Implementation Complexity: Low; achievable with minimal disruption. 
2. Upgrade Insulation in Accessible Areas 

o Action: Add insulation to easily accessible areas like the basement ceiling and attic floor, increasing thick-
ness by 10–15 cm where possible. 

o Justification: Enhancing insulation reduces U-values, improving thermal performance and cutting heating 
costs. For a house with 20 cm insulation, adding 10 cm can improve the thermal resistance by up to 30%. 
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o References: Passive House Institute guidelines and Norwegian Building Authority (TEK17). 
3. Optimized Ventilation System Settings 

o Action: Ensure the mechanical ventilation is balanced and airflow does not exceed demand to avoid unnec-
essary heat extraction. 

o Justification: Reducing ventilation energy use without sacrificing indoor air quality can improve energy effi-
ciency by 5–10%. 

o Reference: Norwegian Standards for energy-efficient buildings (NS 3700). 
Medium Ambition Level: Substantial Efficiency Enhancements 
1. Wall and Roof Insulation Upgrade 

o Action: Replace existing insulation in walls and roof with high-performance insulation materials (e.g., PIR or 
mineral wool). Achieve total insulation thickness of 30–40 cm. 

o Justification: Retrofitting wood-framed walls can significantly reduce U-values, aligning with the TEK17 
standard for passive house performance (U-value < 0.18 W/m²K). 

o Impact: Reduces heating demand by 20–30% (source: European Building Performance Directive). 
2. Thermal Bridging Mitigation 

o Action: Apply external insulation to the basement walls and address cold bridges at junctions (e.g., balco-
nies, corners, and window frames). 

o Justification: Minimizing thermal bridges improves overall thermal performance and occupant comfort. In 
cold climates, such measures prevent condensation and mold. 

o Reference: Building Physics of Passive House Design (Feist et al., 2013). 
3. High-Performance Windows and Doors 

o Action: Replace existing windows and doors with triple-glazed, low-emissivity models (U-value < 0.8 
W/m²K). 

o Justification: Windows are major contributors to heat loss. Upgrading can lower energy demand by 10–15% 
while improving comfort and daylight use. 

o Reference: EN 15232 Energy Performance of Buildings. 
High Ambition Level: Toward Passive House Standards 
1. Deep Insulation Retrofit of All Components 

o Action: Upgrade all building elements (walls, roof, basement) to passive house insulation standards, achiev-
ing U-values of < 0.15 W/m²K. This may require installing additional internal or external insulation layers. 

o Justification: A deep retrofit can reduce energy demand for heating to <15 kWh/m² per year, enabling near-
passive performance. 

o Reference: Passive House Planning Package (PHPP). 
2. Ventilation System with Heat Recovery (MVHR) 

o Action: Replace the centralized extract ventilation system with a mechanical ventilation system with heat 
recovery (MVHR) and >85% efficiency. 

o Justification: Heat recovery systems minimize heat loss through ventilation while maintaining indoor air 
quality. 

o Impact: Reduces heating demand by 25–40% in cold climates (source: Passive House Institute). 
3. External Insulation and Cladding 

o Action: Apply external insulation and re-cladding with wood fiberboard or mineral wool insulation, ensur-
ing full coverage of the façade. 

o Justification: Continuous external insulation improves thermal performance and extends building durability. 
o Reference: International Energy Agency Deep Energy Retrofit Guidelines. 

4. Solar Shading and Passive Solar Gains 
o Action: Install external shading devices for summer heat control and optimize south-facing windows for 

solar gain during winter. 
o Justification: Enhancing passive solar strategies lowers overall heating energy demand without additional 

mechanical systems. 
o Reference: Solar Design Handbook (IEA SHC Task 41). 

Summary of Benefits 
Retrofit Level Estimated Heating Energy Reduction Cost Payback Period 
Low Ambition 10–20% Low 5–10 years 

https://ec.europa.eu/energy/topics/energy-efficiency/energy-performance-buildings
https://passivehouse.com/
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Medium Ambition 20–40% Medium 10–20 years 
High Ambition 50–70% High 15–30 years 

Next Steps 
1. Detailed Energy Audit: Perform an energy audit to determine baseline energy performance and prioritize inter-

ventions. 
2. Cost-Benefit Analysis: Compare initial investment, operational savings, and payback periods for different retrofit 

levels. 
3. Local Incentives: Explore financial support from Norwegian energy efficiency programs (e.g., Enova subsidies). 
Would you like further analysis or cost estimation for these measures?” [9]. 

Table A2. AI 2024 response examples for Q3: high quality (stage 2, test 3, Q3). 

Stage 2, Test 9: When Prompted with Q1 (See Table 1), ChatGPT 2024 [9] Generated the Following Text: 
“To evaluate the renovation potential using passive measures with a Life Cycle Cost (LCC) methodology, we need to 
assess both the initial investment costs and the ongoing operational costs over the life cycle of the retrofit. LCC meth-
odology takes into account the cost of construction (including materials, labor, and equipment) as well as the savings 
over time due to improved energy efficiency and reduced energy consumption. 
We will apply the LCC methodology to each passive measure suggested and consider the Low, Medium, and High 
ambition levels for retrofitting the house in Oslo. To do this effectively, we will: 
1. Estimate initial investment costs for each passive measure. 
2. Calculate energy savings and reductions in operational costs due to these measures. 
3. Assess the total life cycle costs, including both the initial costs and the savings from reduced energy consumption 

over time. 
Assumptions for Calculation: 
• Building dimensions: We are working with the original dimensions provided for the house (basement, ground 

floor, first floor). 
• Heating demand: The house uses electric panel heaters, which are relatively inefficient, meaning that energy sav-

ings from insulation and airtightness improvements will be significant. 
• Electricity price: Assuming an electricity price of 0.10 EUR/kWh, based on average rates in Norway (2024). 
• Service life: We assume that all measures will have a service life of 30 years. 
• Annual heating demand before retrofit: Based on standard assumptions for Norwegian homes built in the 1990s, 

the house has an annual heating demand of 150 kWh/m²/year (Source: SINTEF, 2017). 
Now, let’s develop the LCC calculations for each passive measure, assessing their potential in three renovation ambi-
tion levels: Low, Medium, and High. 
1. Low Ambition Level: Basic Insulation & Airtightness 
a. Wall Insulation: 
• Current U-value: 0.30 W/m²K (TEK 87 standard) 
• Target U-value after retrofit: 0.20 W/m²K (Improvement of 33%) 
• Area: Approximately 140 m² of wall area (sum of exterior walls across all floors). 
• Estimated cost of materials and labor: 45–55 EUR/m² for retrofitting with mineral wool or cellulose insulation. 
• Total cost: 6300–7700 EUR. 
• Energy savings: Reducing the U-value from 0.30 to 0.20 will reduce heating demand by around 15–20%. 

o Heating demand savings: 140 m² * 150 kWh/m²/year = 21,000 kWh/year * 17.5% savings ≈ 3675 kWh/year. 
o Energy cost savings: 3675 kWh/year * 0.10 EUR/kWh = 367.50 EUR/year. 

• Payback period: 6300 EUR/367.50 EUR = 17.2 years. 
b. Airtightness Improvements: 
• Cost: Sealing air leaks (e.g., windows, doors, gaps in the building envelope) would cost approximately 1500–2500 

EUR. 
• Energy savings: Airtightness improvements can reduce energy loss by 10–20%. 

o Heating demand savings: 21,000 kWh/year * 15% savings = 3150 kWh/year. 
o Energy cost savings: 3150 kWh/year * 0.10 EUR/kWh = 315 EUR/year. 

• Payback period: 2500 EUR/315 EUR = 7.9 years. 
2. Medium Ambition Level: Enhanced Insulation and Window/Door Upgrades 
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a. Ground Floor Insulation: 
• Current U-value: 0.20 W/m²K (as per the TEK 87 standard). 
• Target U-value after retrofit: 0.10 W/m²K. 
• Area: 53 m² for the ground floor. 
• Estimated cost: 30–40 EUR/m² for adding 10–15 cm of rigid foam insulation. 
• Total cost: 1590–2120 EUR. 
• Energy savings: Ground floor insulation can provide around 10–15% savings in heating demand. 

o Heating demand savings: 53 m² * 150 kWh/m²/year = 7950 kWh/year * 12.5% savings ≈ 993 kWh/year. 
o Energy cost savings: 993 kWh/year * 0.10 EUR/kWh = 99.30 EUR/year. 

• Payback period: 2120 EUR/99.30 EUR = 21.4 years. 
b. Ceiling/Roof Insulation: 
• Current U-value: 0.30 W/m²K. 
• Target U-value after retrofit: 0.10 W/m²K (with an additional 30 cm of insulation). 
• Area: 127 m² (assuming the roof area is roughly equivalent to the floor area). 
• Estimated cost: 40–60 EUR/m² for adding high-performance insulation (e.g., cellulose or mineral wool). 
• Total cost: 5080–7620 EUR. 
• Energy savings: Insulating the ceiling/roof can result in 20–25% energy savings, as much of the heat escapes 

through the roof. 
o Heating demand savings: 21,000 kWh/year * 22.5% savings ≈ 4725 kWh/year. 
o Energy cost savings: 4725 kWh/year * 0.10 EUR/kWh = 472.50 EUR/year. 

• Payback period: 7620 EUR/472.50 EUR = 16.1 years. 
c. Window Replacement: 
• Current U-value: 2.40 W/m²K. 
• Target U-value after retrofit: 1.2 W/m²K (double-glazed windows). 
• Area: Approximate window area: 35 m². 
• Estimated cost: 250–400 EUR/m² for replacing windows with double glazing. 
• Total cost: 8750–14,000 EUR. 
• Energy savings: Replacing old windows with double-glazing can reduce heat loss by 15–25%. 

o Heating demand savings: 21,000 kWh/year * 20% savings ≈ 4200 kWh/year. 
o Energy cost savings: 4200 kWh/year * 0.10 EUR/kWh = 420 EUR/year. 

• Payback period: 14,000 EUR/420 EUR = 33.3 years. 
d. Door Replacement: 
• Current U-value: 2.00 W/m²K. 
• Target U-value after retrofit: 1.0 W/m²K (upgraded door with insulation). 
• Cost: 1000–1500 EUR for door replacement. 
• Energy savings: Upgrading the door can reduce heating demand by 5–10%. 

o Heating demand savings: 21,000 kWh/year * 7.5% savings ≈ 1575 kWh/year. 
o Energy cost savings: 1575 kWh/year * 0.10 EUR/kWh = 157.50 EUR/year. 

Payback period: 1500 EUR/157.50 EUR = 9.5 years. 
3. High Ambition Level: Deep Retrofit with Maximum Insulation and Full Energy Efficiency Integration 
a. Internal Floor Insulation: 
• Target U-value after retrofit: 0.10 W/m²K (with 10–15 cm of insulation). 
• Area: Approximate floor area: 53 m². 
• Estimated cost: 25–35 EUR/m² for installing floor insulation. 
• Total cost: 1325–1855 EUR. 
• Energy savings: Internal floor insulation can reduce heating demand by 10–15%. 

o Heating demand savings: 21,000 kWh/year * 12.5% savings ≈ 2625 kWh/year. 
o Energy cost savings: 2625 kWh/year * 0.10 EUR/kWh = 262.50 EUR/year. 

• Payback period: 1855 EUR/262.50 EUR = 7.1 years. 
b. Integrated Renewable Energy (PV Panels + Heat Pump): 
• Cost: PV systems typically cost around 1500 EUR per kWp, and a heat pump installation can cost 7000–10,000 

EUR. 
• Total cost: 8500–15,000 EUR (for a small PV system and heat pump). 
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• Energy savings: These systems can reduce heating costs by 50–70%. 
o Heating demand savings: 21,000 kWh/year * 60% savings ≈ 12,600 kWh/year. 
o Energy cost savings: 12,600 kWh/year * 0.10 EUR/kWh = 1260 EUR/year. 

• Payback period: 15,000 EUR/1260 EUR = 11.9 years. 
Summary of LCC for Passive Renovation Measures (for Different Ambition Levels) 

Measure Low Ambition Medium Ambition High Ambition 
Wall Insulation 17.2 years   

Airtightness Improvements 7.9 years   

Ground Floor Insulation  21.4 years  

Ceiling/Roof Insulation  16.1 years  

Window Replacement  33.3 years  

Door Replacement  9.5 years  

Internal Floor Insulation   7.1 years 
PV Panels + Heat Pump   11.9 years 

Conclusion 
• Low Ambition Level: Focus on cost-effective measures like improving insulation, airtightness, and optimizing 

existing heating systems. The payback period for wall insulation and airtightness improvements is within a rea-
sonable time frame (around 7–17 years). 

• Medium Ambition Level: Incorporate more significant measures like replacing windows, upgrading the floor 
and ceiling insulation, and addressing energy efficiency at a higher level. These measures have longer payback 
periods (16–33 years). 

• High Ambition Level: Achieve a deep retrofit with integrated renewable energy sources, such as PV panels and a 
heat pump, for significant long-term energy savings. The payback period for renewable energy integration is 
within 11.9 years. 

This LCC methodology helps guide decision-making by weighing the costs of retrofitting with the expected energy 
savings and longer-term benefits, ensuring that the chosen measures align with both economic and environmental 
goals.” [9]. 
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