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Moisture Thermal Bridges

Forming of black marks in 

inhabited rooms 

On walls, ceilings and in cold 

corners

Mainly during winter times

Caused by Coanda-Effect and 

Convection

comfortable

Thermal Comfort – indoor air quality



Overview on the housing stock in 
NMK

According to the 2002 Census there are
697.529 dwelling units in Macedonia
totaling 49,671,709 m2. Distributed
within the stock of 446.235 single
buildings of different type

Up to 1900year. 6.773 dwelling unites

- 1901-1918 year. 6.282
- 1919-1930year. 11.614
- 1931-1945year 16.282
- 1946-1960 year 68.787
- 1961-1970year. 124.959
- 1971-1975year. 72.019
- 1976-1980year. 77.076
- 1981-1985year. 62.723
- 1986-1990year. 51.933
- after 1990 year 118.740

-annual new construction and
reconstruction represents less than 1%
of existing housing stock,

Chronology of acceptance of 
the Law , Regulations and 

Standards

-In 1970, "Book of rules for
technical measures and conditions
for building thermal protection"

-from the 1980’s there is setting
thermal insulation standards for
buildings :

- Requirements for design and
manufacturing of
buildings - U.J5.600,
-Coefficient of heat transfer in
buildings - U.J5.510,
-Calculation of water vapor
diffusion in buildings - U.J5.520
-and Characteristics of thermal
stability of buildings - U.J5.530. ,
- corrected by innovating the
standards U.J5.600 and MKS
U.J5.510 in 1987

Regulations and Standard 80’s

Requirements for design and manufacturing of buildings - MKS

U.J5.600,

external walls: First climate zone /heat transfer coefficient
Umax=1,20 W/m2K

Second climate zone /heat transfer coefficient
Umax=0,90 W/m2K

Third climate zone /heat transfer coefficient
Umax=0,80 W/m2K

-slab above basement :First climate zone /heat transfer coefficient
Umax=0,75 W/m2K

Second climate zone /heat
transfer coefficient Umax=0,60 W/m2K

Third climate zone /heat transfer
coefficient Umax=0,50 W/m2K

-under roof slab:First climate zone /heat transfer coefficient
Umax=0,95 W/m2K

Second climate zone /heat transfer
coefficient Umax=0,80 W/m2K

Third climate zone /heat transfer
coefficient Umax=0,70 W/m2K

-Double glazed windows( 8-10mm air space) with wooden frame
Umax=2,60 W/m2K



1982 – solar house

1976/1983 Solar amorphous cells costing $2 per W with an efficiency of 4 % -today 1 watt of solar energy in the range of $0.50 to $0.70 –China $0.30 -0,4 eff of18 % 



ETICS





Thermo-vision  camera  for testing of the buildings

//upload.wikimedia.org/wikipedia/commons/a/a3/Thermografie_Giebelseite.jpg
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solar irradiation on the 
continents

Renewable Energy Geothermal Energy !

Biomass Power 
Plant

Support with subsidies feed-in tariffs



The cause of the problem



The first Passive House building was 
completed in 1991 in Darmstadt, Germany

Sustainability: Lower 
greenhouse gas emissions 
and reduced 
environmental footprint.

Passive buildings consume 
up to 90% less energy for 
heating and cooling 
compared to conventional 
buildings.

Enhanced thermal 
comfort and indoor air 
quality due to better 
insulation, airtightness, 
and ventilation.

Lower greenhouse gas 
emissions and reduced 
environmental footprint.

Reduced energy bills and 
long-term savings on 
maintenance and 
operational costs.

Improved building 
resilience against extreme 
weather conditions and 
energy price fluctuations.

Passive House (Passivhaus) 
standard
Dr. Wolfgang Feist and Bo 
Adamson
Passive buildings are 
designed to be highly 
energy-efficient through the 
use of improved insulation, 
airtight construction, high-
performance windows, and 
heat recovery ventilation 
systems
This approach minimizes the 
reliance on active heating 
and cooling systems, thereby 
reducing both energy costs 
and the environmental 
impact of buildings

Energy Efficiency

Comfort

Sustainability

Cost Savings

Resilience

Passive House (Passivhaus) 
standard



According 
to the 
climat

with 
appropriate 
technology

(1995-1999).





Dirctive 2006/32/EC on energy end-use efficiency and 
energy services

The EU Directive on the 
promotion of cogeneration 

based on useful heat 
demand in the internal 

energy market 2004/8/EC

Directive 2004/101/EC 
establishing a system for 
greenhouse gas emission 
allowance trading under 

the Kyoto Protoco

Directive 2001/77/EC on promotion of electricity 
produced from renewable energy sources in the internal 
electricity market

Directive 2003/87/EC establishing a system for 
greenhouse gas emission allowance trading 

within the EU

EU Directive on mandatory energy efficiency labeling of 
household appliances 92/75/EEC and others.

EU Directive on the Energy Performance of Buildings- (EPBD) 
2002/91/EC

2002

2004

the application of minimum requirements to the energy performance of:
- existing buildings, building units or elements subject to 
major renovation;
- buildings elements that form part of the building envelope 
and that have a significant impact on the energy performance 
of the building envelope when  they are retrofitted or 
replaced; and
- technical building systems whenever installed, replaced or 
upgraded;

-national plans for increasing the number of nearly zero-energy buildings;
-energy performance certification of buildings and building units;

-regular inspection of heating and air-conditioning systems in 
buildings; and

-independent control systems for energy performance 
certificates and inspection reports. 

The general objectives of the EPBD are to reduce final energy 
consumption, CO2 emissions and creation of jobs.
-improvement of the energy performance of buildings, taking 
into account various climatic and local conditions 
-a common general framework for a methodology for 
calculating 



- The core elements included the introduction of nearly 
zero-energy buildings, measures to stimulate renovation 
through appropriate financing and rules on penalties.
- Strengthened measures on inspections of heating 

and cooling, energy performance certificates and 
high-efficiency alternative systems.

- The principle that the public sector should set a good 
examples as regards the energy efficiency of buildings 

Long-Term Renovation Strategies (LTRS) for 
pubic and private building transformation 
into nearly zero-energy ones 











UN City - COPENHAGEN - 2013

https://www.archdaily.com/397637/un-city-3xn/51d44b8cb3fc4b58340001ba-un-city-3xn-photo
https://www.archdaily.com/397637/un-city-3xn/51d44b7eb3fc4b58340001b9-un-city-3xn-photo
https://www.archdaily.com/397637/un-city-3xn/51d44b9db3fc4beae100019f-un-city-3xn-photo
https://www.archdaily.com/397637/un-city-3xn/51d44bd0b3fc4b58340001bc-un-city-3xn-photo
https://www.archdaily.com/397637/un-city-3xn/51d44c24b3fc4b58340001be-un-city-3xn-photo
https://www.archdaily.com/397637/un-city-3xn/51d44b52b3fc4beae100019e-un-city-3xn-photo
https://www.archdaily.com/397637/un-city-3xn/51d44baab3fc4b9e0f000178-un-city-3xn-photo
https://www.archdaily.com/397637/un-city-3xn/51d44bfdb3fc4b58340001bd-un-city-3xn-photo
http://nordicdesign.ca/wp-content/uploads/2013/07/UN-City-copenhagen-9.jpg
https://www.archdaily.com/397637/un-city-3xn/51d5922ab3fc4b9e0f000201-un-city-3xn-ground-floor-plan
https://www.archdaily.com/397637/un-city-3xn/51d44b06b3fc4b58340001b7-un-city-3xn-photo
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Successful low-carbon building renovation combining energy efficiency measures with renewable energy integration

Source: AEE INTEC, in IEA EBC Annex 56 – Evaluation of the Impact and Relevance of Different Energy-Related Renovation Measures
on Selected Case Studies (Kapfenberg, Austria, 2012-2014).
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◼ Early 1990’s:  the Building Research Establishment Environmental Assessment Method (BREEAM) 
was developed by BRE and a private-sector architect, John Doggart;

◼ Mid 1990’s:  the Leadership in Energy and Environmental Design (LEED) was developed by the U.S. 
Green Building Council (USGBC);

◼ Both of these initiatives began essentially as checklists of what to do and what not to do in the 
design of commercial buildings;

◼ These systems provided guidelines for good design and management suited to the region of origin;

◼ As the field developed, more emphasis was placed on the assessment of performance, but some of 
the guideline aspects remained, so we might call them hybrid systems;

◼ Many other systems have been developed, e.g. CASBEE, Greenstar, etc., with most following the 
similar pattern.

◼ 20 Certification Schemes for Buildings Used Throughout Europe, Including LEED, Minergie, and 
PassivHaus

History

Sustainability Performance Assessment and Benchmarking of Buildings



Sustainability Performance Assessment and 
Benchmarking of Buildings

The overall objective of OPEN HOUSE 
is to develop and to implement a common 
European transparent building 
assessment methodology, complementing 
the existing ones, for planning 
and constructing sustainable buildings 
by means of an  open approach and 
technical platform.

OPEN HOUSE baseline are existing standards
(both CEN/TC 350 and ISO TC59/
SC17), the EPBD Directive and its 
national transpositions and methodologies for assessing building 
sustainability at international, European and national level.



Sustainability Performance Assessment and 
Benchmarking of Buildings

Evaluation framework 
•The evaluation framework defines the hierarchical structure of the 
assessment methodology. 
•It is composed of 6 main categories: 
•Each category is composed of several indicators assessing different key 
issues for the sustainability performance of the project. 
•Each indicator consists in one or several sub-indicators that evaluate a 
precise issue covered by the indicator topic. 
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«All global modelled pathways that limit warming to 2°C involve "rapid and deep" [...] 

greenhouse gas emissions
reductions in all sectors this decade.» (IPPC Summary for Policymakers Report, 2023)



Guidelines for the promotion of nearly 
zero-energy buildings (NZEB) for best 
practices, by the end of 2020, 

Long-Term Renovation Strategies



Evolution of an idea

The 2030 Agenda for 
Sustainable Development
was launched by a UN Summit in 
New York on 25-27 September 
2015



'What a Second Bauhaus 
Movement Means for 
Europe' (Bloomberg)

The European Union's Green Deal will 
spark a wave of building renovations -
and a chance to find a new shared 
architectural aesthetic.

A new common aesthetic born from 
the need to renovate and construct 
more energy efficient buildings

„"We need to give our own unique 

aesthetics to our systemic change - to 
harmonize style with 
sustainability," said Ursula von der 
Leyen, President of the European 
Commission, during her address to 
the plenary session of the European 
Parliament on September 16/2020. 
This is why we will establish a new 
European Bauhaus - a space for co-
creation where architects, artists, 
students, engineers, and designers 
work together to make it happen."



- One schedule calls for the renovation of as much as 2% of the continent's building stock each year. That type of 
"renovation wave" would advance the goal of Europe becoming the world's first climate-neutral continent by 2050 
and could represent an opportunity for symbolic transformation.

The 2015 Paris Agreement on Climate Change (COP 21) reinforces the Union's efforts to decarbonize its building 
stock. T aking into account that almost 50% of final energy consumption in the Union is used for heating and 
cooling, of which 80% in buildings, achieving the Union's energy and climate goals, According to the Commission's 
performance assessment, the average renewal rate should be 3% per year.



The directives promote policies that will help:
-achieve a highly energy efficient and decarbonized building stock 
by 2050
-create a stable environment for investment decisions
-helps increase the rate of renovation in the EU, particularly for the 
worst-performing buildings 
-supports better air quality, 
-the digitalization of energy systems for buildings and the roll-out 
of infrastructure for sustainable mobility.
-renovation measures best-suited to their specific national context.
-more targeted financing to investments in the building sector, 
complementing other EU instruments 
-fighting energy poverty by supporting vulnerable consumers
-one-stop-shops for the energy renovations of buildings for home-
owners, small and medium-sized enterprises and other stakeholders
-further roll-out of recharging points for electric vehicles in buildings

Revised EPBD 2024 long-term renovation strategies, to be renamed 
national Building Renovation Plans ( BRP )2024

REPowerEU Plan, reducing our use of imported 
fossil fuels.  

All new residential and non-residential buildings 
must have zero on-site emissions from fossil 
fuels, as of 1 January 2028 for publicly-owned 
buildings and as of 1 January 20302028

European Green Deal, the EPBD aims to reduce 
building sector emissions by at least 60% by 2030

revised Energy Efficiency 
Directive (EU/2023/1791).

https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficient-buildings/long-term-renovation-strategies_en
https://ec.europa.eu/commission/presscorner/detail/en/ip_22_3131
https://build-up.ec.europa.eu/en/resources-and-tools/links/european-green-deal
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=OJ:JOL_2023_231_R_0001&qid=1695186598766


Revised EPBD 2024

2024

2028

Other measures in the revised Energy Performance of Buildings Directive (EPBD) include
- the gradual introduction of minimum energy performance standards for non-residential 
buildings based on national thresholds to trigger the renovation of buildings with the lowest 
energy performance
- decrease the average energy performance of the national residential building stock by 16% 
by 2030 in comparison to 2020, and by 20-22% by 2035, based on national trajectories
- an enhanced standard for new buildings to be zero-emission and the calculation of whole 
life-cycle carbon for new buildings
- enhanced long-term renovation strategies,(LTRS) to be renamed national Building 
Renovation Plans (BRP)
- increased reliability, quality and digitalization of Energy Performance Certificates with 
energy performance classes to be based on common criteria
- the introduction of building renovation passports to guide building owners in their staged 
and deep energy renovations
- increased deployment of solar technologies on all new buildings and certain existing non-
residential buildings where technically and economically feasible, and ensuring that new 
buildings are solar-ready (fit to host solar installations)
- a gradual phase-out of boilers powered by fossil fuels, starting with the end of subsidies to 
stand-alone boilers powered by fossil fuels from 1 January 2025
- one-stop-shops for the energy renovations of buildings for home-owners, small and 
medium-sized enterprises and other stakeholders
- further roll-out of recharging points for electric vehicles in buildings, removing barriers to 
their installation, enabling smart charging and introducing measures for bike parking in 
buildings
- data collection and sharing, to improve knowledge on the building stock and awareness on 
energy consumption in buildings

Milestones for 2030 that The International Energy 
Agency (IEA) describes a route to net zero emissions 
with steep reductions in carbon emissions by 2030
- All countries targeting zero-carbon-ready buildings in 
building codes
- Renovation of nearly 20 per cent of existing buildings to be 
zero-carbon-ready
- Installation of approximately 600 million heat pumps, 
meeting 20 per cent of global demand for heating
- Approximately 100 million households relying on rooftop 
solar PV
- Solar PV and wind generation providing approximately 40 
per cent of electricity used in buildings
- 350 million building units connected to district energy 

networks, meeting approximately 20 per cent of space 
heating need

transformative change in everything
- from the design,
- material manufacture,
-construction, 
- operation and end of life of structures, 
- to the form and organization of urban and rural built 
environments,
- allowing denser living with increased social and economic 
opportunities 
- reduced reliance on transport and energy-intensive living 
patterns.

2024

https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficient-buildings/long-term-renovation-strategies_en
https://energy.ec.europa.eu/topics/energy-efficiency/energy-efficient-buildings/certificates-and-inspections_en
https://www.iea.org/reports/technology-and-innovation-pathways-for-zero-carbon-ready-buildings-by-2030
https://www.iea.org/reports/technology-and-innovation-pathways-for-zero-carbon-ready-buildings-by-2030
https://www.iea.org/data-and-statistics/charts/global-co2-emissions-from-the-operation-of-buildings-in-the-net-zero-scenario-2010-2030


What next 

for 

European 

climate 
policy?



The EU Sustainable Finance policy

Key EU regulation focused on green transition
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SOFIA DECLARATION ON THE 
GREEN AGENDA FOR THE 

WESTERN BALKANS

Up to 9 billion with IPA III



EU buildings by construction date



Eurostat     EU27
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Source: EU Buildings Datamapper | 
Energy (europa.eu)

the Renevable Energy 

Directive which is part of 

legislation, passed in June ,2024 

meaning all European Union (EU) 

member states must contribute to 

the EU’s common goal of 45% 

renewable energy use by the end 

of the decade.

The new rules for 

buildings, heating and 

cooling stipulate there is 

an “indicative target” of at 

least 49% target of 

renewable energy use in 

buildings by the end of the 

decade. Targets for 

heating and cooling would 

“gradually increase.”

Member states will identify 

areas worthy of 

acceleration and renewable 

energy projects will 

undergo a “simplified” and 

“fast permit-granting” 

process. 

https://ec.europa.eu/energy/eu-buildings-datamapper_en


Employment in 

renewable energy: 
decreasing since 2011

How to reach net zero

Source: O’Sullivan et al.
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‘Heat Pump Accelerator’- 60 
million additional heat pumps 
need to be installed in Europe 
by 2030

Energy Efficiency as a Foundation of 
Sustainability:

-Reduction of Energy Consumption:
Energy-efficient buildings consume less 
energy for heating, cooling, lighting, and 
other needs. This directly reduces 
greenhouse gas emissions and contributes 
to combating climate change.
-Financial Savings: In the long run, energy-
efficient buildings bring significant savings 
on energy bills. This can motivate investors 
and property owners to invest in energy-
efficient technologies and materials.
-Improvement of Quality of Life: Energy-
efficient buildings often have better 
insulation and ventilation, which improves 
indoor air quality and the comfort of the 
occupants.

Other Key Aspects of Building 
Sustainability:

-Use of Sustainable Materials: Using materials 
that are recycled, renewable, or locally produced 
reduces the ecological footprint and supports the 
local economy.
-Efficient Water Management: Systems for 
rainwater harvesting, efficient sanitary devices, 
and wastewater treatment contribute to the 
conservation of water resources.
-Waste Management: Recycling and responsible 
management of construction waste reduce the 
negative environmental impact.
-Local Ecology and Biodiversity: Designing 
buildings that minimize disruption to local 
ecosystems and promote biodiversity is crucial for 
sustainability.
-Location and Transportation: Choosing locations 
that allow easy access to public transportation, 
bike lanes, and pedestrian zones reduces car 
dependency and helps lower transportation 
emissions.
-Social Sustainability: Involving the community in 
planning processes, respecting cultural values, 
and promoting social inclusion are also important 
aspects of sustainability.

Although energy efficiency represents the foundation of building sustainability due to its significant contribution to reducing energy consumption 
and emissions, comprehensive building sustainability requires the integration of a wide range of ecological, social, and economic aspects. Only by 

combining all these factors we can achieve truly sustainable buildings that are environmentally friendly, economically viable, and socially beneficial

https://www.ehpa.org/wp-content/uploads/2023/06/EU-Heat-Pump-Accelerator_FINAL_June-2023.pdf


Thank you for your attention 

trpevski.strahinja@arh.ukim.edu.mk

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not necessarily reflect
those of the European Union or EACEA. Neither the European Union nor the granting authority can be held responsible for them.”
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A GLOBAL  TREND

How thermally driven heat 
pumps can help decarbonize 
heating



The International Energy Agency estimates that achieving net zero emissions 
by 2050 will require additional investment in mitigation of $2 trillion to $2.5 
trillion globally over the next decade alone.
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-The 3 million heat pumps added last year bring the 
total stock of heat pumps to 20 million. These avoid 
52.5 Megatons of greenhouse gas emissions per year 

-According The ‘Heat Pump Accelerator’- 60 million 
additional heat pumps need to be installed in Europe by 
2030

https://www.ehpa.org/wp-content/uploads/2023/06/EU-Heat-Pump-Accelerator_FINAL_June-2023.pdf


Massive river heat pump launched to warm thousands of homes

➢ The German project utilises the Rhine’s heat to provide warmth to 3,500 households.
➢ One of Europe‘s largest river heat pumps has been officially commissioned in Mannheim, Germany.
➢ The river heat pump operates by harnessing heat from the Rhine River, capable of generating 

water temperatures as high as 99°C.
➢ The scale of this river heat pump is considerable, resembling the size of a house.
➢ The new river heat pump boasts a substantial thermal capacity of 20MW and an electrical capacity 

of 7MW.
➢ It is anticipated to deliver annual savings of 10,000 tons of carbon dioxide emissions and is 

equipped to provide heat to approximately 3,500 households.
➢ Mr Specht highlighted that expanding and decarbonizing district heating is a crucial component of 

Mannheim’s ambitious plan to achieve climate neutrality.

LARGE
HEAT PUMPS
IN DISTRICT HEATING

➢ Mannheim, Germany.
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https://www.energylivenews.com/2023/10/10/european-flexibility-market-spend-falls-from-record-high/
https://www.energylivenews.com/2023/10/03/ovo-launches-cheapest-heat-pump-rate-on-market/
https://www.energylivenews.com/2022/08/17/fears-rise-in-german-industries-as-rhine-river-evaporates/
https://www.energylivenews.com/2023/10/10/ministers-urged-to-rule-out-hydrogen-heating-in-rural-areas/
https://www.energylivenews.com/2023/10/12/rising-energy-bills-pushing-uk-households-into-record-debt/
https://www.energylivenews.com/2023/07/10/uk-must-unlock-the-full-potential-of-district-heating-to-reach-net-zero/


INDUSTRIAL

HEAT PUMPS
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ABsorption

• Liquid solution is 
continually circulated

• Natural refrigerant 
(ammonia-water 
solution), GWP 0

• Usually directly fired 
generator 

• Most commercially-
mature TDHP option

ADsorption

• Batch process switching 
between adsorption and 
desorption.

• Natural refrigerant 
(ammonia-active carbon), 
GWP 0

• More easily configured as 
hybrid solution (heat 
pumping only in part load, 
high loads directly by gas 
condensing boiler)

• Currently in field tests

Source: Robur

Source: Ariston

Source: Elco

Source: Remeha
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Greenhouse-gas emission savings based on stock 2022, per 
country (in Mt);"H-" indicates primary heating function
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Sales development by type ("Air/air counts
heat pumps with a primary heating function)
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Renovation of the historical palace in Chorzów with heat 
pumps – Heat4Cool project
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