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Introduction to NZEBs
Net / Near Zero Energy Buildings produce as much energy as 

they consume annually, primarily from on-site renewables.

Core Approach

Minimize demand first (passive design + efficiency)

→ Meet remaining needs with renewables

50–80% Energy reduction achievable
through passive strategies alone
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Why NZEBs Matter
Natural elements — sun, wind, earth, water, vegetation — are foundational for reducing 

energy use and creating resilient buildings.

Lower Emissions
Dramatically reduced carbon 
footprint through passive-first design 
and on-site renewables

Cost Savings
Significant long-term operational 
savings with minimal energy bills over 
building lifetime

Improved Comfort

Superior thermal comfort, air quality, 
and natural daylighting for occupants

Climate Resilience
Reduced dependency on external 
energy grids and adaptation to 
climate variability
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Milankovitch Cycles
Long-Term Climate Drivers
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Introduction to Milankovitch Cycles

Long-term periodic changes in Earth's orbit, tilt, and axis 

orientation that drive major climate shifts over tens of 

thousands of years.

These cycles operate on timescales of 10,000 to 100,000+ 

years and are the primary drivers of glacial-interglacial cycles 

throughout Earth's history.

These orbital variations alter the intensity and 

distribution of sunlight reaching Earth —

forming the foundation for understanding long-

term climate context in building design.
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The Three Main Components

1
Eccentricity ~100,000-year cycle

Shape of Earth's orbit varies from nearly circular to more elliptical. Affects Earth-Sun 

distance and seasonal contrast in different hemispheres.

2
Obliquity (Tilt) ~41,000-year cycle

Axial tilt varies between 22.1° and 24.5°. Greater tilt produces stronger seasons and 

significantly influences high-latitude insolation patterns.

3
Precession ~26,000-year cycle

Wobble of Earth's axis changes the timing of seasons relative to orbital position —

determining which hemisphere receives more intense summer sunlight.
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Impact on Climate and Insolation

Alter intensity and distribution of sunlight reaching Earth's surface across latitudes 

and seasons

Primary drivers of ice ages — small insolation changes amplified by feedbacks (ice 

albedo, CO₂, ocean currents)

Understanding long-term climate variability informs resilient NZEB design in a 

changing world

Adapting to shifting temperature patterns over decades and centuries is essential for future-proof NZEB 
design.
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Milankovitch Cycles — Visual Overview

Standard orbital diagrams illustrating eccentricity, obliquity, and precession cycles 

mapped against historical temperature and insolation records.
© 2026 Manus Heunis, Architect



C h a p t e r  3

Insolation
Latitude, Seasons, and Building Placement
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What Is Insolation?

Incoming solar radiation — the energy per unit area reaching a surface. This is the key variable for 

passive solar heating, daylighting, and photovoltaic performance.

Insolation Depends On:

Latitude

Distance from equator

Season

Earth's axial tilt

Time of Day

Solar elevation angle

Atmosphere

Clouds and pollution

Surface Orientation

Tilt and azimuth
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Latitude Effects on Insolation

Equatorial (0–23.5°)

High year-round insolation with minimal seasonal variation. Cooling-dominant design focus.

Mid-Latitudes (30–60°)
Pronounced seasons. Optimal for passive solar with south-facing orientations (NH). Greatest 

design opportunity.

High Latitudes (60°+)
Low winter sun angles create challenges for solar gain but opportunities for extended summer 

daylight.

Building placement: Site analysis is critical for orientation and shading optimization
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Seasonal Sun Positioning

Winter (Northern Hemisphere)

• Low sun angle (~26° at noon, 40°N)

• Deeper penetration into interiors

• Maximizes passive solar heating

• South-facing glazing captures heat

Summer (Northern Hemisphere)

• High sun angle (~73° at noon, 40°N)

• Easier to shade with overhangs

• Louvers prevent overheating

• Critical for cooling load reduction

Sun path diagrams are essential in design — tools like Climate Consultant and Ladybug enable 

precise analysis of solar geometry for any location.
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Design Implications
for NZEB

Optimize glazing, orientation, and shading 

based on local insolation data.

Key Design Tools

Solar Heat Gain Coefficients (SHGC)
Calculate optimal glazing properties for each 
facade orientation

Climate-Specific Modeling
Use local weather data to simulate annual energy 
performance

Sun Path Analysis
Map solar angles throughout the year for shading 
design

Thermal Simulation
Model heat flows through the building envelope 
under varying conditions
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Passive Design
Technologies
Leveraging Natural Elements for Energy Reduction
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Overview of Passive Design in NZEB
Leverage natural elements to reduce heating, cooling, and lighting loads dramatically — often by 50–

80% compared to conventional buildings.

Sun

Solar heating 
and daylighting

Wind

Natural 
ventilation and 

cooling

Earth

Thermal mass 
and ground 

coupling

Water

Evaporative and 
thermal cooling

Vegetation

Shading and 
microclimate

These natural forces, when harnessed through intelligent design, form the foundation of every successful NZEB.
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Building Orientation
Align long axis east-west to maximize the south facade (in the Northern Hemisphere). This single 

decision dramatically impacts energy performance.

Maximize South Exposure

Elongated south facade captures maximum winter solar gain for passive heating

Minimize East/West Gain

Reduce difficult-to-shade low-angle morning and afternoon summer sun

Wind Synergies

Orientation can optimize natural ventilation pathways for cooling
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Thermal Mass
Materials like concrete, stone, and rammed earth 

absorb, store, and release heat slowly — stabilizing 

indoor temperatures throughout the day.

• Absorb daytime solar heat, release at night

• Pair with night flushing in suitable climates

• Reduce peak heating and cooling loads

• Concrete, stone, water, PCMs as storage media

Thermal mass can reduce daily temperature swings 
by 5–10°C
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Green Walls and Shading Systems

Green Walls and Roofs

• Evaporative cooling effect

• Added insulation layer

• Biodiversity and aesthetics

• Reduce urban heat island effect

• Stormwater management

Shading Systems

• Overhangs and louvers

• External fins and blinds

• Deciduous trees for seasonal shade

• Block summer sun, allow winter

• Dynamic vs. fixed approaches
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Natural Ventilation Systems

Cross-Ventilation
Openings on opposite facades create pressure-driven airflow 
through the building

Stack Effect
Warm air rises through atria and chimneys, drawing cool air in at 
lower levels

Solar Chimneys
Sun-heated vertical channels amplify the stack effect for enhanced 
air movement

Wind Towers
Capture and direct prevailing winds down into living spaces for 
passive cooling

Night Purging
Cool night air flushes stored heat from thermal mass, pre-cooling 
for the next day

These strategies can reduce or eliminate mechanical HVAC needs in suitable climates.
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Daylighting Technologies
Strategic Windows
Sized and placed for optimal light penetration without 
glare

Skylights and Clerestories
Bring natural light deep into floor plans

Light Shelves
Reflect daylight deeper into rooms, reducing artificial 
lighting

Atriums
Multi-story light wells distribute daylight across floors

Sensors and Controls
Automated dimming minimizes artificial lighting when 
daylight is sufficient

Improves occupant well-being while cutting lighting 
energy 40–60%
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Envelope and Insulation Strategies
A high-performance, airtight envelope with superior insulation is the single most impactful passive 

strategy — minimizing conductive losses and gains year-round.

Airtight Envelope

• Minimize air leakage

• Continuous air barrier

• Blower door tested

• < 1.0 ACH50 target

Advanced Glazing

• Triple glazing standard

• Low SHGC where needed

• Tuned per orientation

• Low-e coatings

Insulation & Roofing

• Low U-values throughout

• Continuous insulation

• Cool/reflective roofs

• Thermal bridge-free
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Passive Cooling Techniques

Evaporative Cooling
Water evaporation absorbs heat from air — effective in dry 
climates with low humidity

Radiative Cooling
Surfaces emit thermal radiation to the cool sky, particularly 
effective at night

Earth Tubes
Underground air channels pre-cool ventilation air using stable 
ground temperatures

Phase-Change Materials
PCMs absorb/release latent heat at target temperatures, 
buffering thermal swings

Strategic Landscaping
Trees, water features, and ground cover create favorable 
microclimates around buildings
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Water and Environmental Systems
Integrated water and environmental systems enhance NZEB performance beyond energy —

addressing resilience, comfort, and ecological impact.

Rainwater Harvesting
Collect, filter, and reuse rainwater for 
non-potable applications and 
landscape irrigation

Greywater Recycling
Treat and reuse wastewater with heat 
recovery to reduce water consumption 
and energy

Water Bodies
Ponds, fountains, and water walls 
provide evaporative cooling and 
thermal mass

Green Infrastructure
Integrated bioswales, rain gardens, 
and permeable surfaces for site 
resilience and biodiversity
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Integration and

Case Studies
Holistic NZEB Design in Practice
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Integrating Natural Elements in NZEB

1

Climate Analysis
Assess local 
conditions

2

Passive Measures
Orientation, mass, 

shading

3

Efficient Systems
Optimize active 

systems

4

Renewables

PV, solar thermal, etc.
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NZEB Case Studies

70%+
Passive Solar Homes
South-oriented glazing, thermal mass floors, and overhangs achieve 70%+ 

heating reduction in mid-latitude climates

Net Zero
Green-Certified NZEBs
Buildings combining thermal mass, natural ventilation, high insulation, and 

rooftop PV achieve net-zero operational energy

50–60%
Adaptive Retrofits
Existing buildings upgraded with passive strategies and envelope 

improvements can reduce energy demand by 50–60%
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Benefits and Challenges

Benefits

• Dramatic energy savings (50–80%)

• Superior occupant thermal comfort

• Reduced operational costs long-term

• Lower carbon emissions

• Increased property value

• Grid independence and resilience

Challenges

• Climate-specific design tuning

• Higher upfront design effort

• Occupant behavior dependency

• Skilled workforce requirements

• Integration complexity

• Performance gap monitoring
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Conc lus ion

Building in Harmony
with Nature
Natural elements are the foundation of truly sustainable NZEBs. By 

respecting Milankovitch-scale climate context, local insolation 

patterns, and deploying passive technologies, we create buildings 

in harmony with nature.

Prioritize passive-first design for a net-zero 
future.

C h a p t e r  6

© 2026 Manus Heunis, Architect



Thank You
The Role of Natural Elements in NZEB Design
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