
E N G I N E E R I N G  R E F E R E N C E  M A N UA L  •  R E A L  E S TAT E  &  L A N D  SYS T E M S

ORGANIC REAL ESTATE DEVELOPMENT
Regenerative Master Planning, Low-Carbon Building Science & High-Yield
Ecological Finance

Author: Marie-Soleil Seshat Landry • Principal Systems Architect & Real Estate Development
Director
Institutions: Landry Industries (LandryIndustries.ca) • Marie Landry’s Spy Shop
(marielandryspyshop.com)
Scope: Regenerative Civil Planning, Mass Timber, Hempcrete Building Physics, Decentralized
Infrastructure, Pro Forma Engineering

DEVELOPMENT MANDATE: Conventional real estate development is an extractive,
petrochemical-driven financial model. It relies on carbon-heavy Portland cement foundations,
toxic vapor-impermeable building envelopes, centralized fragile utilities, and speculative pro
formas that externalize ecological and human health liabilities. Organic Real Estate
Development re-engineers the built environment as a biologically active, carbon-
sequestering, and financially resilient asset class. By integrating mass timber structures,
breathable hygroscopic hempcrete envelopes, decentralized water/energy micro-utilities,
productive agri-hood food webs, and low-CapEx regenerative financial structures, developers
create assets with superior net operating incomes (NOI), negative embodied carbon, and
long-term climate resilience.
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1. THE POST-PETROCHEMICAL BUILT ENVIRONMENT:
BIOPHYSICAL ECONOMICS

The global construction and real estate sector accounts for approximately 39% of total energy-
related carbon emissions: 28% originating from operational heating and cooling, and 11% locked
in the "embodied carbon" of raw building materials—predominantly structural steel, kiln-fired
brick, petrochemical foams, and Portland cement (which alone generates ~8% of global $CO_2$
emissions).

+-------------------------------------------------------------------------------+
|                      THE REAL ESTATE METABOLIC TRANSITION                     |
+-------------------------------------------------------------------------------+
 CONVENTIONAL REAL ESTATE PARADIGM:
   Suburban Sprawl ──> Portland Cement Slab ──> Vapor-Tight Toxic Drywall/Foam
   Embodied Carbon: +450 to +750 kg CO2e/m² • Indoor VOC Off-Gassing • Grid Dependent
   Financial Risk: Stranded assets under carbon pricing, escalating utility CapEx

 ORGANIC REAL ESTATE PARADIGM:
   Infill / Keyline Cluster ──> Timber / Hempcrete Core ──> Vapor-Open Living Skin
   Embodied Carbon: -80 to -220 kg CO2e/m² (Net Carbon Negative Sequestered)
   Financial Advantage: 60-80% lower operational OpEx, 12-18% rent premium, zero grid v
ulnerability
      

The Biophysical Balance Sheet



Organic development internalizes environmental externalities directly into the developer pro forma.
Rather than evaluating a parcel solely on zoning density (Units Per Acre), the project is evaluated
on its Net Ecological Yield (NEY):

NEY = [ Sequestered Carbon + Net Clean Water Exported + On-Site Caloric Production 
] / [ Total Disturbed Land Area ]

Real estate engineered under this metric produces positive net cash flows while generating
institutional-grade carbon credits, lower insurance loss-loss ratios, and reduced municipal impact
fee structures.

Development
Metric

Conventional
Commercial/Residential

Organic Real
Estate
Architecture

Financial & Operational
Impact

Embodied
Carbon
Baseline

+450 to +650 kg $CO_2e
/ m^2$

-120 to -250 kg
$CO_2e / m^2$
(Carbon Sink)

Qualifies for Tier-1 Article 9
ESG Green Bonds; avoids
carbon levies.

Envelope
Lifespan

25 – 35 years (Synthetic
EIFS, caulking)

100+ years
(Petrifying
lime/hempcrete)

Lowers long-term Reserve Fund
allocations and CapEx
replacement schedules.

Energy Use
Intensity
(EUI)

120 – 180 kWh / m² / year 15 – 35 kWh / m² /
year (Passive
House target)

Shields tenants/operators from
volatile grid electricity and
fossil fuel rates.

Indoor Air
Quality (IAQ)

Elevated TVOCs,
formaldehyde, fungal
spores

Zero VOC, natural
mold-inhibiting
lime matrix

Increases lease renewals,
reduces tenant turnover and
liability risks.

2. REGENERATIVE SITE SELECTION & TOPOGRAPHICAL
HYDROLOGY

Conventional developers employ catastrophic civil engineering: bulldozing native topographies,
clear-cutting mature root systems, mass-grading natural contours into flat pads, and directing
stormwater into concrete culverts. Organic site planning utilizes Keyline Master Planning and
passive solar microclimate analysis to fit buildings directly into the existing hydrological landscape.



+-------------------------------------------------------------------------------+
|                     ORGANIC PARCEL TOPOGRAPHICAL INTEGRATION                  |
+-------------------------------------------------------------------------------+
 High Ridge (Conservation & Windbreak Agroforestry Canopy)
   │
   ▼
 Keypoint Incline ──> [PRIMARY GRAVITY WATER RETENTION RESERVOIR]
   │
   ▼ [KEYLINE CONTOUR ROADS] (Graded 0.5% to shed stormwater into passive swales)
   │
   ▼ Passive Solar Building Clusters (Longitudinal Axis: 15° True South)
   │   - Protected from prevailing winter winds by northern forestry shelterbelt
   │   - Maximum unshaded solar aperture for integrated photovoltaic/thermal roofs
   │
   ▼ Lower Agricultural Terraces & Phytodepuration Living Machines
      

Passive Solar Orientation Geometries

Building orientation dictates baseline energy consumption before mechanical systems are even
introduced. Structures are laid out with their long axes oriented within $\pm 15^\circ$ of True
South (in the Northern Hemisphere).

Solar Glazing Ratios: 50% to 65% of total glazing area is situated on the southern facade to
harvest low-angle winter sun ($\theta_{winter} \approx 20^\circ\text{--}30^\circ$). Northern
facades are restricted to $< 10\%$ glazing to prevent conductive heat loss.

Engineered Overhang Calculations: Architectural brise-soleil and roof overhangs are
dimensioned via the solar altitude angle equation ($L_{overhang} = H_{window} /
\tan(\theta_{summer})$). This provides 100% shading against high-angle summer solar peaks
while allowing complete penetration of low winter warming rays directly into the interior
thermal mass floors.



3. STRUCTURAL BIO-MATERIALS: MASS TIMBER & HEMPCRETE

The structural core of organic real estate replaces steel rebar and hollow concrete masonry units
(CMU) with high-strength engineered wood products (Cross-Laminated Timber - CLT, Glued-
Laminated Timber - Glulam) encased in non-structural or semi-structural monolithic hempcrete
(hemp-lime composite).

Structural
Component

Conventional
Material
Specification

Organic
Engineering
Replacement

Technical Performance Profile

Load-
Bearing
Framing

Structural Steel /
Reinforced
Concrete

Cross-Laminated
Timber (CLT / Mass
Timber)

High strength-to-weight ratio;
predictable char-layer fire rating (2+
hours).

Thermal
Envelope
Infill

Fiberglass batts /
Extruded
Polystyrene (XPS)

Cast-in-Place or
Block Hempcrete
(Lime + Shiv)

Monolithic, thermal conductivity
$\lambda = 0.06\text{
W/m}\cdot\text{K}$; fireproof (Class
A1).

Foundation
Footings

Portland Cement
with synthetic
plasticizers

Geopolymer
Concrete (Fly ash /
Slag / Pozzolan)

Reduces embodied carbon by up to
80%; high sulfate and freeze-thaw
resistance.

Interior
Finishes

Synthetic
Gypsum
Sheetrock + Latex
Paints

Hydrated Lime &
Clay Plasters

Naturally biocidal, prevents toxic black
mold (*Stachybotrys*), vapor open.

Hempcrete Carbon Mineralization Chemistry

Hempcrete is not a structural concrete; it is a lightweight, vapor-permeable, insulating macro-
composite created by blending non-fibrous hemp woody core (hurd/shiv) with a formulated slaked
lime binder ($Ca(OH)_2$) and natural pozzolans:

Carbonation Reaction: Ca(OH)2 (Hydrated Lime) + CO2 (Atmospheric) ───> CaCO3 (Lime
stone) + H2O

Over decades, the lime binder absorbs atmospheric carbon dioxide, converting back into solid
limestone rock while petrifying the high-silica hemp hurd inside the wall matrix. A standard
$300\text{ mm}$ thick hempcrete wall sequesters approximately $35\text{ to }40\text{ kg of }
CO_2e \text{ per square meter}$, turning the building envelope into a permanent geological
carbon sink.

4. BUILDING PHYSICS: VAPOR-OPEN ASSEMBLIES & IEQ



Conventional construction relies on vapor-closed barriers (polyethylene plastic sheets) to stop
moisture movement. If moisture breaches this barrier through nail punctures, joint failures, or
mechanical leaks, it becomes trapped against wood or fiberglass studs, causing rot and toxic
fungal blooms. Organic building science operates on the Vapor-Open (Breathable) Assembly
doctrine:

+-------------------------------------------------------------------------------+
|                   VAPOR-OPEN MONOLITHIC WALL ASSEMBLY (U = 0.15 W/m²·K)      |
+-------------------------------------------------------------------------------+
 Exterior Environment (Relative Humidity: 20% to 100% Dynamic Swing)
   │
   ▼ External Protective Skin: Breathable Lime-Sand Render (15 mm, $\mu = 10\text{--}12
$)
   │
   ▼ MONOLITHIC CAST HEMPCRETE ENVELOPE (350 mm, $\lambda = 0.065\text{ W/m}\cdot\text{
K}$)
   │   - Density: 330 kg/m³ • Specific Heat Capacity ($C_p$): 1,560 J/kg·K
   │   - Vapor Permeability ($\delta$): $2.5 \times 10^{-10}\text{ kg/m}\cdot\text{s}\c
dot\text{Pa}$ (Zero Plastic Vapor Barriers)
   │   - Dynamic Phase Shift ($\phi$): 12.5 Hours (Flattens Diurnal Temperature Curve)
   │
   ▼ Interior Substrate Interface: Lignocellulosic Mass Timber / Stud Frame
   │
   ▼ Internal Finish: Natural Clay / Hydrated Lime Plaster (12 mm)
   │   - Hygroscopic Moisture Buffer: Absorbs peak room humidity; releases during dry p
eriods
   ▼
 Interior Controlled Space (Stable 45%–55% Relative Humidity • Zero Operational VOCs)
      

The Hygroscopic Flywheel Effect

The porous micro-capillary structure of hemp hurd gives the wall assembly exceptional moisture
buffering capacity (represented by the Moisture Buffer Value, MBV). When indoor relative
humidity spikes (due to showering, cooking, or occupancy), the wall absorbs water vapor directly
into its cellular matrix without liquid condensation. When humidity drops, the wall desorbs
moisture back into the living space, naturally maintaining indoor humidity between 45% and 55%
—the biological sweet spot where airborne viruses, bacteria, and dust mites lose viability.



5. CIVIL MICRO-UTILITIES: DECENTRALIZED INFRASTRUCTURE

Relying on municipal utility hookups introduces significant developer risk: off-site connection fees
(water/sewer tap fees often exceed $30,000–$60,000 per door), regulatory permitting delays, and
aging infrastructure liabilities. Organic real estate incorporates Decentralized Infrastructure
Cassettes directly into the land development plan:

+-------------------------------------------------------------------------------+
|                       CLOSED-LOOP COMMUNITY UTILITY ARTERIES                  |
+-------------------------------------------------------------------------------+
 Municipal Power Grid ──> [BIDIRECTIONAL SUBSTATION] <── Microgrid PV & Flow Batteries
                                      │
         ┌────────────────────────────┼────────────────────────────┐
         ▼ Potable Water Loop         ▼ Greywater Loop             ▼ Blackwater Loop
 Rainwater Cisterns & Deep Well  Sinks, Showers, Laundry   Toilets & Food Grinders
         │                            │                            │
         ▼ Dynamic UV/Ozone Steril.   ▼ Multi-Media Sand Filter    ▼ Anaerobic Biodiges
ter
 Residential Consumption       Sub-surface Irrigation     Methane Gas + Digestate
         │                            │                            │
         └────────────────────────────┴────────────────────────────┘
                                      │
                                      ▼
             [Constructed Wetland Phytodepuration Living Machine]
             Output: Class-A Non-Potable Water for District Geothermal & Ponds
      

Decentralized Utility Cost-Benefit Analysis



Infrastructure
Node

Conventional
Municipal
Connection

On-Site Decentralized
System

Developer Financial
Payback

Sanitary
Sewer

Municipal pipe
extension & impact
fees: $35,000 / unit

Constructed Wetland
Phytodepuration:
$12,000 / unit

Instant CapEx savings of
$23,000 / door; zero sewer
surcharge fees.

Stormwater
Management

Concrete
subterranean
retention vaults & pipe
runs

Keyline swales,
retention rain gardens
& ponds

Reduces civil civil
earthworks and drainage
piping costs by 65%.

District
Thermal Loop

Individual residential
split HVAC units (Heat
pumps)

Central ambient
geothermal loop (5G
DHC network)

COP increases from 2.8 to >
5.2; lowers operating costs
by 45%.

Electrical
Distribution

Central grid utility
feed with fossil
backup gen-sets

BIPV Solar Arrays +
LFP / Iron-Flow
microgrid

Microgrid power resale
creates ongoing secondary
NOI stream.

6. THE AGRI-HOOD PARADIGM: INTEGRATED FOOD FORESTS

Conventional master-planned communities waste significant land on non-productive, resource-
draining ornamental turf grass requiring synthetic fertilizers, chemical herbicides, and constant
mowing. Organic developments deploy the Agri-Hood Framework: integrating edible
agroforestry, polycultural market gardens, and communal living soil beds directly into the
residential site plan.

+-------------------------------------------------------------------------------+
|                      MULTI-TIER EDIBLE AGROFORESTRY MATRIX                    |
+-------------------------------------------------------------------------------+
 Canopy Layer (15–20 m):   Chestnut, Walnut, Pecan (High protein & timber value)
 Low Tree Layer (6–10 m):  Apples, Pears, Plums grafted on semi-dwarf rootstocks
 Shrub Layer (2–4 m):     Hazelnut, Berry Bushes (Sea Buckthorn, Aronia, Currants)
 Herbaceous Layer (1 m):  Comfrey (Dynamic accumulator), Artichokes, Medicinal herbs
 Soil Surface / Rhizome:  White Clover (Nitrogen fixer cover), Mycorrhizal Mushroom Bed
s
      

The Amenity Value Realization

In luxury and missing-middle residential developments, active agricultural amenities deliver a
higher Return on Investment (ROI) than traditional golf courses or tennis clubs:

CapEx Comparison: Constructing an 18-hole golf course costs between $7M and $15M, with
annual maintenance budgets exceeding $1M–$2M. An advanced 10-acre productive



agroforestry and bio-intensive market farm costs under $600,000 to establish, with
maintenance costs offset by commercial crop yields.

Valuation Velocity: Real estate projects featuring working organic farms experience up to
20% to 30% faster sales absorption rates, lower customer acquisition costs (CAC), and
premium lot price uplifts of 15% to 25% compared to conventional subdivisions.



7. FINANCIAL ARCHITECTURE: PRO FORMAS, BONDS & LCCA

Underwriting an organic real estate development requires restructuring the traditional financial pro
forma. Conventional metrics prioritize low initial hard costs, ignoring high lifecycle operational
expenses, rising carbon tariffs, and tenant turnover rates. Organic pro formas apply Life-Cycle
Cost Analysis (LCCA) to maximize terminal asset valuation.

The Value Premium Formulation

Net Asset Value (NAV) Uplift = [ Delta NOI (Operational Savings + Premium Rents) ] 
/ Capitalization Rate

Because organic bio-envelope buildings achieve 60–80% lower heating and cooling bills,
developers can capture higher base rents while maintaining lower total cost of occupancy (TCO)
for tenants. Even a modest $0.40/sq.ft. operational savings on a 100,000 sq.ft. multi-family asset
adds $40,000 directly to annual Net Operating Income (NOI). At a 5.0% capitalization rate, this
yields an immediate $800,000 increase in asset exit valuation.

Pro Forma
Category

Conventional
Multi-Family
Development

Organic Bio-
Material
Development

Variance & Structural Strategy

Hard
Construction
Costs

$280 – $320 /
sq.ft. (Baseline)

$305 – $345 / sq.ft.
(+6% to +8%)

Premium for mass timber and
hempcrete; offset by mechanical
downsizings.

HVAC
Mechanical
CapEx

$35 / sq.ft. (Large
chillers/ducts)

$12 / sq.ft. (-65%
Reduction)

Monolithic envelope permits small-
tonnage decentralized ERV units.

Capital
Financing
(Cost of
Debt)

Commercial Bank
Senior Debt (6.5%
– 7.5%)

Green Bonds / PACE
Financing (4.2% –
5.0%)

Lower interest rates via verified EU
Article 9 / Climate Bond initiatives.

Operating
Expenses
(OpEx/yr)

$8.50 / sq.ft. (High
utility draw)

$3.20 / sq.ft.
(-62% Reduction)

Passive thermal stability; on-site
water recycling eliminates sewer
taxes.

Internal Rate
of Return
(IRR)

16.5% (5-year
horizon)

21.8% (5-year
horizon)

Driven by lower OpEx, higher rent
retention, and green exit cap-rate
compression.

8. PREFABRICATION & DESIGN FOR DECONSTRUCTION (DFD)



On-site construction labor accounts for high cost variance, weather delays, and structural defects.
Organic developments utilize modern factory prefabrication: manufacturing precision-machined
modular mass timber panels and pre-cast, cured hempcrete blocks in controlled off-site facilities.

+-------------------------------------------------------------------------------+
|                       DESIGN FOR DECONSTRUCTION (DfD) PIPELINE                |
+-------------------------------------------------------------------------------+
 Off-Site Factory: CNC Pre-Cut CLT Slabs + Pre-Cast Cured Hempcrete Cassettes
          │
          ▼ Flatbed Transport to Site (High packing density; zero road moisture damage)
 Rapid Dry Assembly (Zero Wet Trades on Site):
   - Fastened exclusively via reversible structural screws and dry-tenon timber joints
   - Zero irreversible polyurethane expanding foams, mastic glues, or chemical adhesive
s
   - Complete 4-story weather-tight structural dry-in achieved in under 10 operating da
ys
          │
          ▼ End-of-Life Building Disassembly (Year 100+)
 Deconstruction & Circular Recovery:
   ├─ CLT Timber: Reusable directly in secondary structural builds with zero re-milling
   ├─ Hempcrete Envelopes: Crushed and returned to agricultural soils as lime amendment
   └─ Fasteners / Hardware: Unbolted and recycled into clean metallurgy loops
      

The Dry Construction Imperative

By eliminating wet masonry on site, the construction schedule decouples from seasonal weather
delays. A modular timber-hemp system can be erected in freezing winter conditions (down to
-25°C) without the space heaters and complex tarping enclosures required for curing traditional
Portland cement and wet mortar.



9. MASTER BLUEPRINTS: A 24-UNIT BIOREGIONAL ECO-
COMMUNITY

Project Profile: "The Arpent Reserve" (24-
Unit Missing-Middle Infill Cluster)

Landry Industries Master Development
Blueprint • Site Area: 4.5 Hectares



Site & Architectural Programming:
- Total Residential Density: 24 multi-family townhomes clustered in 4 six-unit 
mass timber blocks.
- Footprint Impact: Buildings occupy only 12% of total parcel area; 88% dedica
ted to Keyline agroforestry,
  hydrological bioswales, and community food production.
- Orientation: All four residential blocks aligned precisely along the East-We
st axis (Facing 175° True South).

Envelope Specification:
1. Structural Core: 5-ply Cross-Laminated Timber (CLT, Black Spruce sourced wi
thin 150 km).
2. Insulation & Shell: 350 mm Cast-in-Place Hempcrete (Formulated hydrated lim
e + industrial hemp hurd).
   - Core Density: 330 kg/m³ • System U-value: 0.14 W/m²·K.
3. Exterior Renders: Two-coat hydraulic lime plaster (NHL 3.5) with silicate m
ineral finish.
4. Glazing: Triple-pane argon-filled timber-framed windows (SHGC_south = 0.55; 
SHGC_north = 0.35; Uw = 0.78 W/m²·K).

Decentralized Infrastructure Systems:
- Potable Supply: 250,000-liter subterranean rainwater harvesting cistern back
ed by an on-site artesian well.
- Sanitary Waste: Gravity-flow two-stage constructed wetland (Vertical subsurf
ace flow + Horizontal bed).
  Zero municipal sewer connection; effluent recycled for agroforestry irrigati
on.
- Microgrid: 180 kWp building-integrated photovoltaic (BIPV) solar roof + 400 
kWh Iron-Flow battery energy
  storage system (BESS). District heat provided via shared geothermal ground l
oops (Cop = 5.2).

Financial Performance Ledger (CAD):
- Total Land Acquisition Cost: $1,200,000
- Civil Infrastructure (Swales, Wetlands, Microgrid): $950,000 (vs. $2.1M muni
cipal hookup estimates)
- Vertical Construction Hard Costs: $8,600,000 ($315 / sq.ft.)
- Total Development Cost: $10,750,000
- Projected Gross Value Upon Stabilization: $14,800,000
- Net Development Margin: 27.3% • Stabilized Projected Cap Rate: 6.85% (Local 
market baseline: 4.90%)
- Lifecycle Carbon Metric: -412 metric tons net CO2e sequestered upon structur
al commissioning.

10. COMMISSIONING, TESTING PROTOCOLS & QUALITY



CHECKLIST

Prior to tenant occupancy and asset capitalization, every organic real estate structure must pass
standardized performance commissioning:

The Pre-Occupancy Building Physics Commissioning

Blower Door Air-Tightness Testing (ASTM E779 / EN 13829): Verifies envelope air
permeability. The structure must achieve a passive house standard of $q_{50} \le 0.60 \text{
Air Changes per Hour (ACH at 50 Pa)}$ to confirm that vapor-open walls are airtight against
uncontrolled convective drafts.

Indoor Air Quality (IAQ) Chemical Baseline Audit: Total Volatile Organic Compounds
(TVOC) must test $< 200 \text{ µg/m³}$, formaldehyde $< 10 \text{ µg/m³}$, and 48-hour radon
concentration $< 50 \text{ Bq/m³}$.

Organic Real Estate Development Field Verification Checklist

Marie-Soleil Seshat Landry • Systems Architect & Real Estate
Development Director
Landry Industries • Marie Landry’s Spy Shop

marielandryspyshop.com •
LandryIndustries.ca

Hydrological Infiltration Baseline: Civil swales verified to absorb 100% of a 100-year storm
event without surface discharge to neighboring parcels.

[ ]

Mass Timber Chain-of-Custody: All structural wood components backed by FSC or PEFC
certifications, harvested within a 500 km regional radius.

[ ]

Hempcrete Moisture Depletion: Embedded pin-type moisture probes confirm wall core
relative humidity has fallen below 18% before applying interior plasters.

[ ]

Zero Petrochemical Insulation Verified: No EPS, XPS, polyisocyanurate, or spray foam
insulation utilized anywhere in the thermal envelope.

[ ]

Thermal Imaging Envelope Audit: Forward-Looking Infrared (FLIR) thermal scans reveal zero
thermal bridging along floor-to-wall interfaces and window bucks.

[ ]

Wetland Effluent Quality Standard: Constructed wetland effluent tests confirm
$\text{BOD}_5 < 10 \text{ mg/L}$ and $E. coli < 10 \text{ CFU/100 mL}$ prior to discharge.

[ ]

Acoustic Isolation Compliance: Inter-unit party walls achieve Sound Transmission Class
(STC) $\ge 55$ and Impact Insulation Class (IIC) $\ge 52$.

[ ]

Design for Deconstruction Tagging: All structural mass timber connections documented in a
Material Passport Ledger to facilitate future disassembly.

[ ]


