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A building that produces net zero GHG emissions across its entire life

What is a Zero Carbon Building (NZCB)? 

Attia, S. (2025) Net Zero Energy Buildings (NZEB) , Elsevier 



Reframing Zero Carbon Buildings Definition
Why is the definition itself broken?
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The Illusion of Net-Zero Carbon Buildings
Reframing Zero Carbon
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The Performance Gap: Annual Balance ≠ Real Performance
Reframing Zero Carbon

▪ Modelled annual GHG emissions balance does not correspond to the monitored annual balance
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NZCB Meets Urban Microclimate 

The physics of failure
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HVAC Physics: COP vs. Ambient Temperature
NZCB Meets Microclimate
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Three Coupled Feedback Loops
NZCB Meets Microclimate
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Loop 2: Urban Morphology Constraint: The FAR Threshold
NZCB Meets Microclimate

FAR < 2

FAR > 3

Urban morphology determines which ZCB systems are physically possible — before a single calculation
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Loop 3: NZCB Grid Loop: Electrification Amplifies Peak Carbon
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NZCB Cascading Effect 



Why Zero Carbon Buildings Fail?
 Misdefined · Mismodeled · Misapplied
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Misdefined "Zero": Three Blind Spots
Why NZCB Fails

13/ 29



Heat Pump Limits in Dense NZCB Districts
Why NZCB Fails
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Simulation vs. Reality: 15–40% Performance Gap
Why NZCB Fails

15 / 29



HP Cold Island → PET / UTCI — What No Model Captures Today (Winter Scenario)
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The Research Blind Spot



Comparative NZCB Pathways
China vs. Europe: why solutions are not transferable
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Urban Morphology & Heat Demand Structure
Comparative NZCB Pathways

18/ 29



NZCB System Feasibility: EU vs. China
Comparative ZCB Pathways
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Why NZCB Solutions Are Not Transferable
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Comparative NZCB Pathways



District & Urban NZCB Systems
Energy–Heat–Water nexus  ·  Research bridge
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From Building to District: NZCB System Integration
District & Urban NZCB
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Energy–Heat–Water Nexus
District & Urban NZCB  ·  Research Interface with Nakai Group

Energy, heat, and water are one coupled urban metabolism: ZCB must account for all three simultaneously
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Design Implications for NZCB
Building scale → Urban scale
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Design Implications: Building to Urban Scale
Architectural + HVAC Guidance

HVAC systems are no longer building components: they are urban climate actors
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Simulation Coupling Implications: Building to Urban Scale
TRNSYS + UWG

Larger computational complexity, capacity and time
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-We need large scale tools 

and workflows for Urban 

Carbon Modeling and Urban 

Climate Modeling

-Coupling is the only way to 

capture extreme and intense 

heatwave’s impact instead of 

relying on historical weather 

data



Synthesis: Redefining Zero Carbon: Four Conditions
Conclusion
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A net-zero carbon building is not net-zero carbon in a heat-stressed city

NZCB electrification increases sensitivity to urban microclimate

Annual balance hides the real carbon story: time, space, and system matter

Zero carbon must also be thermally livable: PET/UTCI at pedestrian level

We are not decarbonizing buildings.

We are redesigning urban thermodynamics.

Closing Statement
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