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Zero Energy House 3:  
35.009225, -83.327351 
Highland Gap, North Carolina, USA

Site:��^ƚĞĞƉůǇ�ƐůŽƉĞĚ͕�ϱϳ�ĂĐƌĞ�ǁŽŽĚĞĚ�ůŽƚ�ŽŶ�,ŝŐŚůĂŶĚ�'ĂƉ�ZŽĂĚ�ŝŶ�EŽƌƚŚ��ĂƌŽůŝŶĂ͘���ƐŵĂůů�ĐƌĞĞŬ�ĐƵƚƐ�

ƚŚŽƵŐŚ�ƚŚĞ�ŶŽƌƚŚĞƌŶ�ĞĚŐĞ�ŽĨ�ƚŚĞ�ƐŝƚĞ�ĂŶĚ�ŇŽǁƐ�ƚŽ�ƚŚĞ�KĐŽĞĞ�ZŝǀĞƌ͕ �ůĞƐƐ�ƚŚĂŶ�ϭͬϮ�ŵŝůĞ�ĂǁĂǇ͘

Clients:��ZĞƟƌĞŵĞŶƚ�ĂŐĞ�ĐŽƵƉůĞ͕�ĚŽǁŶƐŝǌŝŶŐ͘

WƌŽŐƌĂŵŵĂƟĐ�^ƚƌĂƚĞŐǇ͗���ĐĐĞŶƚƌŝĐĂůůǇ�ǌŽŶĞĚ͕�ĐŽŵƉĂĐƚ�ǀĞƌƟĐĂů͘

&ŽƌŵĂů�^ƚƌĂƚĞŐǇ͗��dŚĞ�ŽǀĞƌĂůů�ĨŽƌŵ�ŽĨ�ƚŚĞ�ŚŽƵƐĞ�ŝƐ�ƉƌĞĚŝĐĂƚĞĚ�ŽŶ�ƚŚƌĞĞ�ĨĂĐƚŽƌƐ͗

• �ĐĐĞŶƚƌŝĐ�ƉĂůůĞƚĞ�ŽĨ�ĐĞŶƚĞƌ�ƉŽŝŶƚƐ�ďĂƐĞĚ�ŽŶ�ƐŝƚĞ�ŐĞŶĞƌĂƚĞĚ�ƌĂŶĚŽŵͬ�ŶĂƚƵƌĂů�ƉůĂĐĞŵĞŶƚ�ŽĨ�

tree trunks

• DĂǆŝŵƵŵ�ƐŽůĂƌ�ŐĂŝŶ�ĚĞƌŝǀĞĚ�ĨƌŽŵ�Ă�ĐĂƌĞĨƵůůǇ�ĐĂůŝďƌĂƚĞĚ�ƐŽůĂƌ�ŐĞŽŵĞƚƌǇ

• >ŝƚĞƌĂů�ĂŶĚ�ƌŚĞƚŽƌŝĐĂů�Ăŝƌ�ŇŽǁ�ĐĂƉƚƵƌĞ͘

Hot Side/Cool Side:��dŚĞ�ƵƉƉĞƌ�ǁŝŶĚǁĂƌĚ�ƐŝĚĞ�ŽĨ�ƚŚĞ�ŚŽƵƐĞ�ĨĂĐĞƐ�ƵƉŚŝůů�ĂŶĚ�ĚŝƌĞĐƚůǇ�ƐŽƵƚŚ͘��Ŷ�ĂƌƌĂǇ�
ŽĨ�ĨƌĂŵĞĚ�ƐŽůĂƌ�ůŽƵǀĞƌƐ�ǁƌĂƉ�ƚŚĞ�ƐŽ�ĐĂůůĞĚ�͞ŚŽƚ͟�ƐŝĚĞ�ŽĨ�ƚŚĞ�ŚŽƵƐĞ͕�ŐĞŶĞƌĂƟŶŐ�ĞŶŽƵŐŚ�ĞůĞĐƚƌŝĐŝƚǇ�ŽŶ�

ĂǀĞƌĂŐĞ�ĚĂŝůǇ�ďĂƐŝƐ�ƚŽ�ůŝŐŚƚ�ƚŚĞ�ŚŽƵƐĞ͘�dŚĞ�ƐƚĂŝƌ�ƐĞƌǀĞƐ�ĂƐ�Ă�ǀĞƌƟĐĂů�ǀĞŶƟůĂƟŽŶ�ƐŚĂŌ͕�ƵƐŝŶŐ�ƚŚĞ�ŚŽƚ�ƐŝĚĞ�

ŽĨ�ƚŚĞ�ŚŽƵƐĞ�ƚŽ�ŵĂŐŶŝĨǇ�ƚŚĞƌŵĂů�ŵŽǀĞŵĞŶƚ�ŽŶ�ǁĂƌŵ�ĚĂǇƐ�ĚƵƌŝŶŐ�ƚŚĞ�ƐǁŝŶŐ�ƐĞĂƐŽŶ͘�dŚĞ�ůŽƵǀĞƌĞĚ�

ƐŽůĂƌ�ǁĂůů�ĂůůŽǁƐ�Ăŝƌ�ƚŽ�ŵŽǀĞ�ĨƌĞĞůǇ�ƵƉ�ƚŚĞ�ŝŶƚĞƌĐŚĂŶŐĞĂďůĞ�ƉƌĞƐƐƵƌŝǌĞĚ�ƉĂŶĞů�ƐǇƐƚĞŵ͘

dŚĞ�ůŽǁĞƌ�ǁŝŶĚǁĂƌĚ�ƐŝĚĞ�ŽĨ�ƚŚĞ�ŚŽƵƐĞ�ĨĂĐĞƐ�Ă�ƐŵĂůů�ĐƌĞĞŬ�ǁŝƚŚ�ƚŚĞ�ǀŝĞǁ�ĞǆƚĞŶĚŝŶŐ�ƚŽǁĂƌĚƐ�Ă�ƌŝǀĞƌ�

ďĂƐŝŶ͘��ŝƌ�ĐƵƌƌĞŶƚ�ŝŶ�ƚŚĞ�ŵŽƵŶƚĂŝŶƐ�ŝƐ�ƉƌĞĚŝĐƚĂďůĞ͕�ďƵƚ�ƚŚĞ�ŽƌŝĞŶƚĂƟŽŶ�ĐĂƉƚƵƌĞƐ�ĐŽŽů�Ăŝƌ�ƚƌĂǀĞůŝŶŐ�ƵƉ�

ƚŚĞ�Śŝůů͘�tŝŶĚŽǁƐ�ƐĞƌǀĞ�ĂƐ�ƐŽŌ�ĂƌƟĐƵůĂƚĞĚ�ĂƉĞƌƚƵƌĞƐ�ƚŽ�ĞŵƉŚĂƐŝǌĞ�Ăŝƌ�ŇŽǁ�ĂĐƌŽƐƐ�ƐŵŽŽƚŚ�ĐĞŝůŝŶŐƐ�ĂŶĚ�

ƚŚƌŽƵŐŚ�ƵŶŽďƐƚƌƵĐƚĞĚ�ŽƉĞŶŝŶŐƐ͘

�ŶĞƌŐǇ�<ŝƚ͗��hůƚƌĂ�ĞĸĐŝĞŶƚ�ĞŶĞƌŐǇ�ŐĞŶĞƌĂƟŶŐ�Ŭŝƚ�ǁŝƚŚ�ƉŽƐŝƟǀĞ�ĞŶĞƌŐǇ�ŐĞŶĞƌĂƟŽŶ�ŽǀĞƌ�Ă�ϭϮ�ŵŽŶƚŚ�

ĐǇĐůĞ͘�Ws͗�DŽŶŽĐƌǇƐƚĂůůŝŶĞ�ƐŝůŝĐŽŶ�ƉĂŶĞůƐ͕�ŵŽĚĞƌĂƚĞůǇ�ǀĞŶƟůĂƚĞĚ͕�ƐŽƵƚŚ�ŽƌŝĞŶƚĂƟŽŶ�ĂŶĚ�ŝŶĐůŝŶĂƟŽŶ�ŽĨ�

ϰϱǑ�ŽŶ�ƐŽƵƚŚĞƌŶ�ůŽƵǀĞƌĞĚ�ǁĂůů͘��Ϭ͕ϭϮ�ΕϬ͕ϭϴ�<ƉŬ�<tͬŵϮ�ǁŝƚŚ�Ă�ŵŝŶŝŵƵŵ�ƉĂĐŬĂŐĞ�ĚĞŶƐŝƚǇ�ŽĨ�ϴϬй͘�

�ŽŽůŝŶŐͬ,ĞĂƟŶŐ�ƐǇƐƚĞŵ͗��DƵůƟƐƉůŝƚ�ƐǇƐƚĞŵ�ǁŝƚŚ��KW�с�Ϯ͘ϵ͘�,ĞĂƚ�ƉƵŵƉ�н�ƌĂĚŝĂŶƚ�ŇŽŽƌƐ͕�ĞƐƟŵĂƚĞĚ�

ĐŽŶƐĞƌǀĂƟǀĞůǇ�Ăƚ��KW�с�ϭ͖�ŵĞĐŚĂŶŝĐĂů�ƐƵƉƉůǇ�ĂŶĚ�ĞǆŚĂƵƐƚ�ŽĨ�Ăŝƌ�Λ�Ϭ͘ϯϱ���,͘�,ĞĂƚ�ĞǆĐŚĂŶŐĞ�ƉůĂƚĞƐ�

ĂŶĚͬŽƌ�ƉŝƉĞƐ͖�ϮϬй�ĞǆŚĂƵƐƚ�Ăŝƌ�ƌĞĐŝƌĐƵůĂƟŽŶ͖�ƟŐŚƚ�ĞŶǀĞůŽƉĞ�Λ�Ϭ͘ϰ���,͘

^ĞŶƐŽƌ�ĐŽŶƚƌŽůůĞĚ�ůŝŐŚƟŶŐ͗��>ŝŐŚƟŶŐ�ŝŶƚĞŶƐŝƚǇ�с�ϱ�tͬŵϮ͖�ĞǀĂĐƵĂƚĞĚ�ƚƵďĞ�ƐŽůĂƌ�ĐŽůůĞĐƚŽƌƐ�ǁŝƚŚ�ĚŝƌĞĐƚ�

Žǁ�ƐǇƐƚĞŵ�;ŚŽƚ�ǁĂƚĞƌͿ�ϯϬ�ŵϮ͕�ĨĂĐŝŶŐ�ƐŽƵƚŚ�Λ�ϯϬǑ�ŝŶĐůŝŶĂƟŽŶ�ŽŶ�ƌŽŽĨ͘

tĂƚĞƌ��ŽŶƐĞƌǀĂƟŽŶ͗��dǁŽ�ϭϬϬϬ�ŐĂůůŽŶ�ĐŝƐƚĞƌŶƐ�ůŽĐĂƚĞĚ�Ăƚ�ĞĂƐƚ�ĂŶĚ�ǁĞƐƚ�ƐŝĚĞ�ŽĨ�ŚŽƵƐĞ͘
�ŶĞƌŐǇ��ĂůĐƵůĂƚŝŽŶƐ͖�ƵůƚƌĂ�ĞĨĨŝĐŝĞŶƚ�ƐǇƐƚĞŵ�ǁŝƚŚ�ƚĞƐƚĞĚ�ϵϱй�ĞŶĞƌŐǇ�ŐĞŶĞƌĂƚŝŽŶ�ďĂůĂŶĐĞ�ŽǀĞƌ�Ă�ϭϮ�

ŵŽŶƚŚ�ĐǇĐůĞ͘

Structure: ��/W�ƌĞŝŶĨŽƌĐĞĚ�ĐŽŶĐƌĞƚĞ�ǁŝƚŚ�ƚƵďĞ�ƐƚĞĞů�ďƌĂĐŝŶŐ�Ăƚ�ƉƌĞƐƐƵƌŝǌĞĚ�ǁĂůů�ƐǇƐƚĞŵ͘

Wind Veil: �ϯͬϴ͟�ĚŝĂŵĞƚĞƌ�ƐƚĂŝŶůĞƐƐ�ƐƚĞĞů�ďĞĂĚƐ�ŽŶ�ƚŚĞ�ĐŽŽů�ƐŝĚĞ͘

Envelop: ��/W�ƌĞŝŶĨŽƌĐĞĚ�ĐŽŶĐƌĞƚĞ�ǁŝƚŚ�ƚƵďĞ�ƐƚĞĞů�ďƌĂĐŝŶŐ�Ăƚ�ƉƌĞƐƐƵƌŝǌĞĚ�ǁĂůů�ƐǇƐƚĞŵ�/ŶƚĞƌĐŚĂŶŐĞĂďůĞ�

ƉƌĞƐƐƵƌŝǌĞĚ�ƉĂŶĞů�ƐǇƐƚĞŵ��ůƵŵŝŶƵŵ��ůĂĚ�^/W͕ �'ƌŽƵŶĚ�^ŽƵƌĐĞ�,ĞĂƚ�WƵŵƉ͕��/W�^ŽůĂƌ��ƌƌĂǇ͕�ZĞǇĂĞĂƌƐ�

�ŽŽƌƐ�ĂŶĚ�tŝŶĚŽǁƐ͕�,ǇĚƌŽƚĞĐŚ�ZŽŽĨ�ƐǇƐƚĞŵ͕�KŶ�^ŝƚĞ�tĂƚĞƌ�^ƚŽƌĂŐĞ͘

Michael Gamble
'ĞŽƌŐŝĂ�/ŶƐƟƚƵƚĞ�ŽĨ�dĞĐŚŶŽůŽŐǇ



N

interior view. living space interior view. library and workout space

zero energy house 3
35.009225, -83.327351 

site plan

Site  |  Heavily wooded, steeply sloped, 54 
acre wooded lot on Highland Gap Road in 
North Carolina. A small creek cuts though 

Middle Creek, less than 1/2 mile away.

Clients  |  Retirement age couple, downsizing

Programmatic Strategy  |  Eccentrically 
zoned, compact vertical

Formal Strategy  |  The overall form of the 
house is predicated on three factors:
- Eccentric pallete of center points based on 
placement of tree trunks
- Maximum solar gain derived from a carefully 
calibrated solar geometry

geologic and environmental qualities of the 
site

Hot Side/Cool Side  |  The upper windward 
side of the house faces uphill and directly 
south. An array of framed solar louvers 
wrap the so called “hot” side of the house, 
generating enough electricity on average daily 

basis to light the house. The stair serves as a 
vertical ventilation shaft, using the hot side of 
the house to magnify thermal movement on 
warm days during the swing season. 

The lower windward side of the house faces 
a small creek with the view extending towards 
a river basin. With predictable sir current in 
the mountains, the orientation captures cool 
air traveling up the hill. Windows serve as soft 

across smooth ceilings.

Energy Kit
kit with positive energy generation over 
a 12 month cycle. PV: Monocrystalline 
silicon panels, moderately ventilated, south 
orientation and inclination of 45º on southern 
wall. 0,12 ~0,18 Kpk KW/m2 with a minimum 
package density of 80%

Cooling system  |   Multisplit system with 
COP = 2.9

Heating system  |   Heat pump + radiant 

Mechanical supply and exhaust of air @ 0.35 
ACH. Heat exchange plates and/or pipes. 
20% exhaust air recirculation. Tight envelope 
@ 0.4 ACH

Sensor controlled lighting  |  Lighting 
intensity = 5 W/m2. Evacuated tube solar 
collectors with direct ow system (hot water) 
30 m2, facing south @ 30º inclination on roof

Water Conservation  |  Two 1000 gallon 
cisterns located at east and west side of 
house

Energy Calculations
with 80-95% energy generation balance over 
a 12 month cycle.

Structure  |  CIP reinforced concrete with tube 
steel bracing at pressurized wall system

Wind Veil  |  3/8” diameter stainless steel 
beads on the cool side

Envelope  |  Interchangeable pressurized 
panel system Aluminum Clad SIP, Reyaears 
Doors and Windows, Hydrotech Roof system

exterior view. north elevation building section looking west side view. east elevation

rear view. south elevation

Variable Air Flow

Wind Veil: 

3/8” Stainless Beads

Solar Path

Ground Source Heat Pump

Hot Side

Cool Side

Treeline

Garden

Treeline

Cistern

Pool

Garage and Storage

Heating and Cooling Needs
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Natural Ventilation
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| Building Envelope
Opaque Wall
0.19 W/m2K and 0.23W/m2k

Window 
0.68 W/m2K and Solar 
Transmittance 0.23
Solar louvers on South envelope

Air Tightness 

| Energy Systems
Heating and Cooling 

COP 3.4 (EER 11) Ground source 
heat pump (GSHP)

Distribution System and 
Ventilation 
Direct expansion single split 
system

Mechanical ventilation with 
intermittent heat exchangers (0.5 
ACH)

Domestic How Water
Co-generated hot water using 

to South. Area 30m2

Solar Power (Photovoltaic)
Moderately ventilated mono 
crystalline silicona PV modules. 

93 m2

Lighting
LED lighting power density 5W/m2

with daylighting sensor control

| Occupancy and Appliances
All schedules for occupants 
and appliances, and number of 

occupants are following either ISO
13790 or DOE Building America 
Benchmark.

| Net-zero-energy house 
  over a year

Heating Demand:
12.09 kWh/m2/year 
Cooling Demand:
26.18 kWh/ m2/year 
Energy Generated by PV:   
62.71 kWh/ m2/year

Total Energy Delivered:   
- 2.40 kWh/ m2/year

| Natural Ventilation Available
“The lower windward side of the 
house faces a small creek with 
the view extending towards a 
large river basin just north of the 
city. Air current in the city tends 
to be unpredictable, but the 
orientation captures cool air 
traveling up the hill. Windows 
serve as soft articulated apertures 

smooth ceilings and through 
unobstructed openings.”

Natural ventilation available 
hours are calculated from April to 
September that month has only 
cooling needs inside the building. 
Hours are counted if outside dry 

21.8% of total hours
(956 hours out of 4392 hours)

level 01

level 02

level 03

level 04

wall panels building systems

photovoltaic louvers

Building Behaviors


