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The presentation: 

• Definition of “Zero Emission Building” (ZeB)

• Where Grece stands at the moment

• Other EU country examples

• How can we achieve ZeB?

• Key Challenges & Opportunities

• Future outlook – The GreeNest project

• Conclusions - Some thoughts for the future
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ZeB and NZEB definition (EPBD)2

ZeB: “a building with a very high energy performance, as determined in accordance with Annex I, requiring 
zero or a very low amount of energy, producing zero on-site carbon emissions from fossil fuels 

and producing zero or a very low amount of operational greenhouse gas emissions, in accordance 
with Article 11

NZEB: ‘nearly zero-energy building’ means a building with a very high energy performance, as determined in 
accordance with Annex I, which is no worse than the 2023 cost-optimal level reported by Member States 

pursuant to Article 6(2) and where the nearly zero or very low amount of energy required is covered to a 
very significant extent by energy from renewable sources, including energy from renewable sources 

produced on-site or energy from renewable sources produced nearby;
• Zero operational emissions from fossil fuels: energy for heating, cooling, lighting, appliances.

• Estimate embodied emissions in building (materials, construction etc.) to be stated in the  Energy  Performance  Building  
Certificate  (EPBC) as defined in the Construction Products Regulation (CPR)

3

2 Directive (EU) 2024/1275: Directive - EU - 2024/1275 - EN - EUR-Lex
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ZeB definition?
• There is not a “strict” ZeB definition, either at EU and/or national level

• Ambiguities around the term “zero” — no specific numerical target is defined.

• The definition does not require any 
reduction on embodied, upfront, end of 
life and beyond the lifecycle CO₂ emissions

• Achieving absolute zero CO₂ emissions 
over the full building life cycle is currently 
not feasible.

• National plans developed only for NZEBs

• Renovation Passports and Building Digital 
Logbooks required to track progress (CPR)

National Center for Research in Natural Sciences “DEMOKRITOS”, Athens, Greece - 11 – 12 November 2025



ZeB definition?
• According to EPBD - revised 2024 (Article 11)

• No On-Site direct CO₂ Emissions: A  ZeB shall  not  cause  any  on-site  carbon  emissions  
from  fossil  fuels.  

• High  energy  performance: The  maximum  threshold  for  the  energy  demand  of  a  zero-
emission  building  shall  be  at  least  10 %  lower  than  the threshold for total primary energy 
use for nearly zero-energy buildings (NZEB).

• While the focus of the new EPBD is the reduction of operational greenhouse gas 
emissions, ZeB definition further includes the calculation of life-cycle Global 
Warming Potential (GWP) and its disclosure through  the  Energy  Performance  
Building  Certificate  (EPBC) (EPBD2024, Article 7(2)) :

Member  States shall  ensure  that the  life-cycle GWP  is  calculated in  accordance  with  Annex 
III  and disclosed  in  the energy performance certificate of  the building: (a) from 1 January 2028, 
for all new buildings with a useful floor area larger  than 1 000 m 2 ; (b) from 1 January 2030, for all 
new buildings.
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Embodied versus Operational Emissions: How 
Material/RES choices could improve Building Emissions

• Material embodied emissions: GHG emissions 
associated with the extraction, production, 
processing, and transportation of building 
materials, products, structures (Embodied 
carbon when focusing specifically on CO₂).

• Why LCA is important for ZeBs: As operational 
emissions decrease, embodied emissions 
become increasingly significant. 

• Basic CO2 reduction strategies: use of local 
materials, reuse/recycle, durable design, careful 
selection of RES, BMS, KPIs

Global trends in buildings' life cycle GHG emissions for 
all buildings

Source:  Martin Röck, et al. Embodied GHG emissions of buildings – The hidden challenge for 
effective climate change mitigation, Applied Energy, Volume 258, 2020. 

National Center for Research in Natural Sciences “DEMOKRITOS”, Athens, Greece - 11 – 12 November 2025



Indicative examples: embodied vs operational 
emissions (/m2/year)

Material
Embodied 
Emissions 

(kg CO₂e/m²)
Notes

Wood structure 50 – 70
Sourced from sustainably managed 

forests
Wood-fiber 
insulation 15 – 30 Low-carbon, bio-based material

PV panels 40 – 60 Includes manufacturing and transport

Solar-thermal 
system 20 – 30 Moderate embodied emissions per 

installed area

Other materials 20 – 30 Fasteners, glues, membranes, finishes, 
etc.

Construction & 
transport 30 – 40 On-site assembly, equipment use, 

delivery logistics
 Total embodied 

emissions
175 – 260 

kg CO₂e/m² Sum of all above components

Material/System
Embodied 
Emissions 

(kg CO₂e/m²)
Notes

Lightweight structure 
(e.g., steel frame, cement 

board)
80 – 120

Higher embodied carbon than wood; includes steel or 
concrete elements

EPS insulation 30 – 50 Petroleum-based foam; energy-intensive production

Photovoltaic panels 40 – 60 Crystalline silicon manufacturing + balance of systems

Solar-thermal system 20 – 30 Collector, tank, piping

Other materials 25 – 40 Membranes, paints, internal finishes, fixings

Construction & transport 30 – 40 Includes logistics and machinery emissions

 Total embodied 
emissions

225 – 340 
kg CO₂e/m²

Higher than zero-emission timber design due to synthetic 
and metal use

Factor
NZEB 

(EPS/lightweight)
ZeB (Wood/wool)

Operational CO₂
~2–5 

kg CO₂e/m²/year

~0 

kg CO₂e/m²/year

Embodied CO₂
225–340 

kg CO₂e/m²

150–260 

kg CO₂e/m²
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Low Embodied Energy Materials 

Material
Embodied Energy (MJ/kg or kg 

CO₂e/kg)
Benefits

Timber (sawn, mass/Coutu)
~0.5 – 12 MJ/kg, sequesters carbon 

(~582 kg CO₂/m³) 

Renewable, prefabricated, good 
strength-to-weight ratio, strong, fast 

construction, sequesters carbon

Straw-bale
~0.9 MJ/kg; ~40% lower than 

conventional wall 
Highly insulating, locally sourced, 

biodegradable

Rammed Earth
Very low — region-specific; minimal 

transport 
Thermal mass, long-lasting, minimal 

processing

Local Brick / Stone Bricks: ~3 MJ/kg; Stone: ~0.1 MJ/kg Durable, locally abundant, recyclable

Cork / Cellulose Insulation
Cork ~26 MJ/kg; Cellulose ~1–

3.3 MJ/kg 

Natural, low climate impact, fire-
resistant, damp-resistant, naturally 

harvested from cork oak

Engineered Timber (CLT) ~12 MJ/kg; stores CO₂ (~582 kg/m³) 
Strong, sequestering, efficient for 

mid-high-rise structures

Note: Materials like steel, aluminum, foams have much higher embodied energy—steel ~20 MJ/kg, aluminum ~155 MJ/kg)
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Most Suitable Renewable Energy Systems for ZeBs

Efficiency/COP: Geothermal (400%), PV (18%), 
Biomass (85%).

RES Type
Best for 
Climate

Building 
Typology

Notes

Solar PV
Sunny, all 
climates

Residential, 
commercial

Most scalable 
& modular

Solar Thermal
Sunny, cold or 

mixed
Single-family, 
multifamily

Works well for 
DHW

Geothermal HP
Stable ground 

temp zones

Mid-large 
commercial, 

schools

High upfront, 
low operation

Biomass
Rural, forested 

areas

Off-grid, 
municipal 
buildings

Local supply 
required

Wind (Micro)
Coastal, open 

rural
Industrial, off-

grid
Needs 

consistent wind

Note: On-site generation allows for net-zero operation. Choice depends on availability, building type/use, location, and climate

Cost per kW: Solar PV (~1200 EUR), Wind (~2500 
EUR), Geothermal (~1800 EUR).

National Center for Research in Natural Sciences “DEMOKRITOS”, Athens, Greece - 11 – 12 November 2025



Need for smart control: Variability in generation vs. 
consumption patterns

• Necessary to track and optimize performance: 
• Real-time PV generation (kW output vs time)
• Hourly consumption patterns (HVAC, lighting, 

plug loads)
• Instantaneous Indoor Air Quality (CO₂, PM₂.₅, 

humidity)
• Battery Charge / Export Data (kWh over the day)

• User-friendly interface to empower building 
managers.
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Need for structured performance assessment: 
Key Performance Indicators

• Definition of KPIs based on 
Level(s) methodology addressing 
the SDGs

• The KPIs target a 
multidimensional assessment:

ꟷ construction value chain

ꟷ building’s performance, economic and 
environmental aspects

ꟷ internal comfort (IAQ and IEQ)
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Monitoring Parameters for ZeB Verification

1. Net Energy Balance – Yearly on-site 

renewable generation vs consumption

2. Operational Energy – HVAC, lighting, 

plug loads, with real-time meter data

3. Embodied & Life-Cycle Emissions – 

Materials, transport, construction 

processes

4. Indoor Environment – CO₂, PM₂.₅, 

relative humidity, indoor temperature

5. Grid Export/Import & Storage Use – 

Battery cycles, export credits, demand 

flexibility

6. Building Controls & Occupancy – 

Sensor networks optimizing 

performance
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Where Greece stands on ZeB right now

• Greece already enforces NZEB (via Law 4122/2013, KENAK and 
the 2018 national plan).

• Detailed Greek ZeB thresholds for maximum energy demand 
and operational GHG are not yet codified. They must be set in the 
national transposition package by 29 May 2026. (Υπουργείο 
Περιβάλλοντος και Ενέργειας)

• Law 4936/2022 (National Climate Law) sets economy-wide 
targets to 2030, 2040 and neutrality in 2050, with buildings in 
scope. (Υπουργείο Περιβάλλοντος και Ενέργειας)
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EU country examples with set ZeB criteria
Country Legal approach ZeB quantification already in 

force

Denmark Building Code BR18 + Class 2020 Very low primary energy; no 
oil/gas in new buildings

Finland Heating system prohibitions + strict 
energy caps

Oil-free new buildings; strong 
electrification + renewables

Netherlands Gas connection ban + BENG 1-2-3 
thresholds

Energy need ≤ 25 kWh/m²·yr; 
renewables ≥ 50%

Austria (some states) Passivhaus + renewable heating for 
public buildings

Heating demand ~ 10–15 
kWh/m²·yr

France RE2020 energy and carbon caps Carbon footprint limits + 
electrification push
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• Netherlands: Clear, three-part metric (energy need, primary energy, renewable share).
• France: Add life-cycle carbon metric early.
• Denmark: Set a voluntary ZeB class before enforcing it, so design culture adapts smoothly.
• Finland: Phase out fossil heating rather than phase in ZeB.



ZeB check list for Greece
Component ZEB-Ready Strategy

Envelope

Low U-values, controlled solar gain, airtightness test

e.g. Exterior walls: U-value ≈ 0.20–0.25 W/m²K
Roof: U-value ≈ 0.14–0.22 W/m²K

Floor/slab: U-value ≈ 0.20–0.35 W/m²K
Windows: Uw ≈ 1.0–1.3 W/m²K

Ventilation
Mechanical ventilation with heat recovery  with ≥ 80% heat 

recovery

Heating/Cooling
All-electric heat pump system

Seasonal COP typically ≥ 3.5
DHW Solar thermal + heat pump water heater

Renewables PV sized to annual load, optional battery
Carbon Choose lower-carbon materials and document quantities

Verification Blower door + commissioning checks
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• GreeNest is co-funded by the European Union (Grant Agreement No. 101138242) 
through the Horizon program for Climate, Energy, and Mobility, and the Swiss 
State Secretariat for Education, Research, and Innovation (SERI).

• The consortium comprises 20 partners across 8 European countries. 

• The EU contribution is about €4,996,642

• The project pioneers sustainable building practices by integrating CO2-neutral 
materials, Renewable energy with Circular construction methods

• GreeNest contributes to the Zero-emission Building (ZeB) EU future by 
demonstrating ways to reduce embodied and operational building emissions.

START: January 2024

END: December 2027

DURATION: 48 months

GreeNest
Nest Ingrained Ecosystem for Zero Emission 
Buildings”
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Flexibility – Adaptability: Material  component 
and system combinations creating a matrix of 
solutions allowing easy adaptation to various 
building typologies in all EU climatic zones.
Demonstration across multiple geographies & 
virtual testbeds 4 real demonstration buildings 
plus 2 virtual (digital twin) projects across 5 
countries.

100% carbon free construction processes 
from cradle to on-site erection through the 
application of biogenic materials that store 
carbon

Increase productivity by > 30% based on local 
value chains using digitized, time efficient, 
prefabricated design, manufacturing and 
innovative design and construction methods.

End-of-life and circular economy 
integration through the development of 
circular construction elements: material 
recyclability, reuse, and recovery strategies 
in the building life cycle. 

Near Zero Energy Building status minimizing 
the energy need and covering it via renewable 
energy sources with remaining primary energy 
consumption less than 30-40 kWh/m2. 

Objectives
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o GreeNPLUGIN

o ZeBIM

o ASSESS-DST

o Design By 
Inventory

o DeltaSmart

o SmartWall

o GreenWall

o EcoTechWall

o Heat-Harvest 
Window

o Rotating Window

o Eco-BIPV/PV

o CASCADE

o NestControl

GreeNest develops 17 Standardized Packages (SPs) using recycled, waste, nature-based 
materials and eco-friendly technical systems to create adaptable systems including:

Materials
IoT & Digital 
Design Tools

Construction 
Schemes

Envelope Systems Technical Systems

o KARZ

o Waste-wood

o Earth screed 
for WDLT-SLab

o Light clay

The aim is to create, validate and widely promote a nested solution based on a 
digitized platform to deliver a unified ecosystem comprising abiotic and biotic 
solutions to allow the fast and wide uptake of Zero emission Buildings

Concept



GreeNest ambitions
EPBD requirements GreeNest

Require-
ment Specification

Requir
e-

ment
Specification

No direct CO2 
emissions

✓

No on-site  
carbon  

emissions  from  
fossil  fuels

✓
No fossil fuels will be consumed on-site in GreeNest buildings. All 
energy needs will be met by a high-efficiency heat pump.

High energy 
performance

✓

at  least  10 %  
lower  energy  
demand than  

the NZEB status

✓

The energy demand of GreeNest buildings will be minimized, 
surpassing NZEB standards by achieving consumption levels at 
least 10% lower than the NZEB baseline.

Zero operational 
energy consumption 

(HVAC/lighting/DHW)
✓

Fully covered by 
RES systems

✓

Operational energy consumption will be fully offset by on-site 
renewable energy generation, ensuring that no operational 
emissions remain.

Embodied Carbon 
emissions

No requirement ✓

Embodied emissions will be reduced by 50% compared to buildings 
constructed to NZEB standards. This will be achieved through the 
use of low-carbon materials (e.g., nature-, bio-, and earth-based 
materials), the application of digital tools that optimize material 
selection and enhanced productivity of building envelopes.
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Early Results: Waste Wood

The DesignByInventory (DbI) methodology aims to enable the 
efficient and practice-oriented use of existing resources in 
planning processes. Reused materials require flexible planning 
parameters due to uncertainties in type, composition, quantity, 
and quality

ECOTECHWALL: IMPLEMENTATION OF RECLAIMED WOOD

DIFFERENT STEPS OF WASTE-WOOD PROCESSING
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Early Results: KARZ & LIGHT CLAY

CHAIR PRODUCED OF KARZ IN TWO DIFFERENT 
FORMULATIONS, RIGHT: KARZ SAMPLE FOR FIRE AND 
THERMAL PROPERTY TESTING

KARZ MOBILE PRODUCTION UNIT
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Early Results: SmartWall, GreenWall, Reversible 
Windows, ECO-BIPV, CASCADE. NESTCONTROL

SMARTWALL + GREENWALL INTEGRATED INSTALLATION 
SCHEME

NESTCONTROL APP

REVERSIBLE WINDOW – FIRST 
PROTOTYPE

ECO-BIPV MODULES - 
TRANSPARENT  AND TERRACOTTA 
DESIGN

CASCADE SYSTEM
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Early Results: Demonstration

Museum-Pavilion. Berlin

Delta Info Center, Porto Levante, Rovigo Province

Sandbox-Living Lab, Athens

North Aegean Recreational Center, Stypsi, Lesvos
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Early Results: Methodology
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Early Results: ASSESS digital platform

GreeNest brand profile in Bimetica.com
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Early Results: Key Challenges in the ZeB realization

• Detailed energy modeling and simulation are needed early in design integrating 
innovative  materials with smart technologies and user behavior considerations.

• On-site renewable energy systems require space and investment. Passive strategies 
(natural ventilation, solar gain) must be site-specific. Difficulty integrating multiple 
energy systems and technologies

• Supply chain limitations and abundance of carbon-intensive materials

• High upfront capital investment required for technologies and materials.

• Lack of skilled workforce familiar with ZeB design and implementation.

• Fragmented building codes and lack of enforcement.
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Future Outlook and opportunities 

• ZeBs will be the norm by 2050 in the EU under climate commitments.

• Emerging trends: Digital construction, AI for building management, prefabrication 
with low-carbon materials.

• Workforce training, education and awareness at all levels is essential to scale the 
transition.

• Urban planning and building integration with mobility (EV) and renewable grids.

• Need to strengthen regulations, incentives, and enforcement mechanisms.

• Promote holistic /industrialized retrofitting strategies for existing buildings.

• Foster global and cross-sectoral collaboration.
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Opportunities

• Innovation in materials (e.g., low-carbon, 
biogenic, bio-fabricated ).

• Digital technologies for design, performance 
assessment, monitoring and automation.

• Energy storage and demand-response systems 
for grid integration

• Greater public awareness and demand for 
sustainable buildings.

• Collaboration in the building sector to share best 
practices and scale up.
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The GreeNest message:
• Zero Emission Buildings are essential for climate goals and urban sustainability.

• Their adoption is achievable with collective action and investment.

• Beyond zero: buildings can become regenerative and energy-positive.

• Reduction of embodied emissions crucial: Resource efficient construction, 
use of low-carbon materials (reused, recycled and locally sourced biogenic 
materials).

• Circularity index: Carbon emissions incurred due to reuse or recycling of 
materials or emissions avoided due to exporting renewable energy will 
close the life cycle, defining emissions beyond the life cycle.
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Thanking you for the attention!
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