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BUILDING AT A GLANCE

Aaron Smith, P.Eng., is a mechanical engineer with M&R Engineering of Halifax, Nova Scotia. 

Among the conventional sys-

tems installed at 100 Venture 

Run in Dartmouth, Nova Scotia, 

Canada, is a variable air vol-

ume HVAC system. It was cho-

sen because of an abundance of 

local service staff, ease of main-

tenance, lowest installed cost, 

and it met operating cost and 

energy-efficiency goals.
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Energy Saving
Template for Campus
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100 Venture Run

Location: Dartmouth, Nova Scotia, Canada

Owner: Venture Run Limited Partnership

Principal Use: Office

Includes: Office space, underground parking 
garage

Employees/Occupants: 200

Gross Square Footage: 86,898

Conditioned Space Square Footage: 65,690

Substantial Completion/Occupancy: March 2012

Occupancy: 80%

National Distinctions/Awards: LEED Canada 
Gold Core and Shell, 2012 TCA Tilt-Up 
Achievement Award – Office Division

Applying trusted conventional solutions and systems 
such as VAV and condensing gas-fired boilers in a well-
planned construction and operation process provides 
much of the innovation of a Dartmouth, Nova Scotia, 
Canada, building. Building performance was analyzed 
early in the design process, and rigorous commission-
ing and measurement and verification demonstrate that 
efficiency measures performed as expected. 

100 Venture Run is the first building constructed at 
the Wright and Burnside green building campus that 
also includes park space, walking paths, a basketball 
court and an exercise/yoga area. The project serves as a 
template for future buildings on the site.

This article was published in ASHRAE Journal, November 20145. Copyright 2015 ASHRAE. Posted at 
www.ashrae.org. This article may not be copied and/or distributed electronically or in paper form without 
permission of ASHRAE. For more information about ASHRAE Journal, visit www.ashrae.org.
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ABOVE Flat-plate solar collector arrays preheat 
domestic hot water for showers and lavatories.

LEFT Heating water is provided by condens-
ing gas-fired boilers to perimeter fin-tube 
radiation.
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The three-story building includes 6105 m2 (65,690 

ft2) of office space and 1971 m2 (21,208 ft2) of partially 

conditioned underground parking garage for a total 

area of 8076 m2 (86,898 ft2). It achieved LEED Canada 

Gold Core and Shell 2009, the first LEED Gold Core and 

Shell project in Nova Scotia. 

Energy Efficiency
Energy-efficiency requirements were initially set 

at 33% savings compared to the 1997 Model National 

Energy Code for Buildings (MNECB) to achieve a 

LEED Silver certification. Information sources such as 

ASHRAE’s 50% Advanced Energy 

Design Guide for Small to Medium 

Office Buildings, ASHRAE Journal 

and ASHRAE Handbook, along 

with energy simulation were 

used to assist in choosing 

energy-efficiency measures 

that met the design goals with 

minimal impact on first cost.

Modeling was performed 

with EE4 energy simulation software (using the 

DOE-2.1E simulation engine), which creates a ref-

erence building matching the 1997 MNECB. This 

process resulted in a building with conventional 

HVAC systems optimized for energy efficiency, push-

ing energy savings over 40% and allowing the LEED 

target to move from Silver to Gold. After one year of 

operation, the building has actually achieved 50% 

savings, exceeding the initial goal.

Significant Energy-Efficiency Measures
A window-to-wall ratio of 31% allows for daylight and 

views while reducing unnecessary heat loss and solar 

heat gain. 

The building envelope consists of tilt-up concrete wall 

construction, providing an airtight barrier with R-20 

rigid insulation, reducing thermal bridges, and R-30 

insulation on the roof. 

Window frames are aluminum with thermal breaks, 

glazing has a low-e coating with argon gas, resulting in 

an assembly of U-0.41 with a spectrally selective coating 

to admit visible light while blocking unnecessary heat 

gain. 

HVAC systems include two equally sized high efficiency 

(EER 10.5) packaged DX air-handling units (AHUs) with 

modulating natural gas burners and economizers serv-

ing VAV boxes with overhead air 

supply. AHUs are not oversized. 

The installed cooling capacity is 

21 m2/kW (800 ft2/ton), which 

was possible due to the inclu-

sion of high-efficiency lighting 

requirements in tenant leases 

and the building envelope 

design. Reduced cooling capac-

ity also allows for more precise 

control of supply air temperature with four stages of 

capacity.

Heating water is provided by condensing gas-fired 

boilers to perimeter fin-tube radiation selected to allow 

for condensing operation during all of the heating sea-

son. The heating system was designed around a 16°C 

(30°F) temperature difference along with variable speed 

drives to reduce pumping power.

AHU controls are integrated into the BMS over 

BACnet, allowing HVAC control sequences to be care-

fully chosen to account for the inherent challenges 

related to VAV systems. These included resetting 

supply air temperature based on maximum VAV box 

damper position to reduce reheat energy; controlling 

TABLE 1  Design conditions for Dartmouth (National Building Code).

AMBIENT

Winter –18°C DB, 1% Design

Summer 26°C DB, 20ºC WB, 2.5% Design

HDD 4,200 Below 18°C

CDD 82 Above 18°C

I NDOOR
Winter 21°C, 30% RH (Humidified)

Summer 24°C, 60% Maximum RH
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the return fan off of return ple-

num pressure rather than track-

ing the supply fan; controlling 

the relief damper in response 

to measured building pressure; 

and controlling the outdoor air 

damper based on supply fan 

speed to ensure design outdoor 

airflow rates are maintained. The 

economizer is controlled by a fixed 

dry-bulb strategy rather than 

enthalpy, as the building is located 

in Climate Zone 6A.1 

Occupancy and daylighting sen-

sors were provided for Level 3 of the 

building, whose fit-up was part of 

the base building design. Occupancy 

sensors are installed in the parking 

garage and washrooms. Stringent 

lighting power density require-

ments (9.51 W/m2 [0.88 W/ft2]) were 

written into the leases for Levels 

1 and 2, allowing for an average 

building lighting power density of 

6.5 W/m2 (0.60 W/ft2), including 

reductions due to occupancy and 

daylight sensors.

A flat-plate solar collector array 

preheats domestic hot water 

used for showers and washroom 

lavatories.

Exterior lighting is provided by 

LED fixtures controlled by an astro-

nomical time clock.

Energy use intensity for 2013 when 

the building was 80% occupied was 

448 MJ/m2·yr (39.5 kBtu/ft2·yr), 

which resulted in a 50% savings 

compared to a building built to the 

1997 MNECB—approximately 42% 

savings compared to Standard 90.1-

2007 (Figures 1 and 2). Energy use is 

67% less than an average existing 

office building, and this building 

has obtained an Energy Star rating 

of 99 and meets Architecture 2030 

requirements.

have zone distribution effectiveness 

of 1.0, as they use the perimeter 

radiation for reheat. VAV box mini-

mum positions were selected to be 

30% in perimeter zones and 40% in 

interior zones. This creates a system 

ventilation efficiency of 0.6, which 

was carefully chosen to meet IAQ 

requirements while minimizing 

fan energy. The resultant outdoor 

intake airflow rate is 0.6 L/s·m2 

(0.12 cfm/ft2). 

Indoor air pollutant sources 

including washroom, janitor’s 

closet, photocopier and vehicle 

exhaust are directed directly to the 

outdoors. A green housekeeping 

program is also in place. Outdoor 

pollutant sources are reduced 

through the use of MERV 13 filters on 

the AHUs and entry grates and walk-

off mats at building entrances. 

A construction IAQ manage-

ment plan following SMACNA IAQ 

guidelines was in place to mitigate 

IAQ problems resulting from the 

construction process, and MERV 8 

filters on return air ducts prevent 

material from entering the duct 

system.

During some times of the year, 

the building was operating under 

negative pressure. As part of 

the measurement and verifica-

tion process, trend logs analysis 

showed that this only happened 

when the HVAC systems were not 

in economizer mode. The source 

of the problem was the sequence 

of operation for the outdoor air 

damper. It is difficult to control 

an outdoor air damper to main-

tain a constant supply of outdoor 

air through a VAV system, so a 

sequence was used to modulate the 

outdoor air damper in response to 

supply fan speed. 

Solar system preheat tank, heat exchanger, glycol 
tank and electric water heater.

ture due to compliance with Appen-

dix C; 

 • Humidity: 60% maximum/30% 

minimum; and

 • Air speed: <0.2 m/s (<40 fpm).

Radiant temperature asymmetry 

was reduced by choosing a high 

performance building envelope. 

In addition, hydronic radiant heat 

was installed on Level 1 above the 

parking garage, which heats the slab 

to 21°C (70°F) because the parking 

garage is only heated to 10°C (50°F). 

Drafts and vertical air temperature 

differences were reduced by select-

ing diffusers that had an air dif-

fusion performance index (ADPI) 

greater than 80.

ASHRAE Standard 62.1-2007 

compliance was achieved by follow-

ing the ventilation rate procedure. 

Zone air distribution effectiveness 

is 0.8 for interior zones, which have 

reheat VAV boxes. Perimeter zones 

IAQ and Thermal Comfort 
The building was designed to meet 

ASHRAE Standard 55-2004 with the 

following assumptions:

 • Activity level: 1.1 met

 • Clothing thermal resistance: 

0.5 clo (summer), 1.0 clo (winter);

 • Dry-bulb temperature: 24°C 

(75°F) (summer), 21°C (70°F) (win-

ter);

 • Mean radiant temperature: 

assumed to be equal to air tempera-
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ENERGY CODE ACTUAL SAV INGS

 EXTERIOR LIGHTING 54,400 27,200 50%

 PUMPS & DHW 247,394 91,302 63%

 FANS AND COOLING 129,954 53,759 59%

 HEATING 993,494 433,597 56%

 PLUG LOADS 221,203 238,494 –

 INTERIOR LIGHTS 350,666 161,523 54%

FIGURE 1 2013 actual energy use comparison (kWh equivalent).

During testing, adjusting and balancing (TAB), the 

AHUs were incorrectly set up for a fixed fraction of out-

door air, rather than a fixed rate of outdoor air. After 

this was adjusted, thermal comfort issues due to infiltra-

tion of cold air were resolved and indoor air quality was 

enhanced.

Operations and Maintenance 
Three HVAC systems were evaluated during the 

design process using a series of criteria including 

installed cost, operating cost, availability of local main-

tenance personnel and ease of maintenance. A VAV 

system was chosen because it has an abundance of 

local service staff, most maintenance can be performed 

without entering the tenants’ space, it had the lowest 

installed cost and it met the operating cost and energy-

efficiency goals. 

The design team participated in an exhaustive 

commissioning and measurement and verifica-

tion (M&V) processes to ensure systems operated 

as designed (and issues were addressed while 

the design team was still engaged), and achieved 

Cost Effectiveness
The 2013 energy costs for the building were 

$106,597 (before taxes), which is a savings of 

$103,739 compared to a building built to meet the 

energy code. Mechanical system cost was $1.7 mil-

lion or $210/m2 ($19.50/ft2) with incremental capital 

costs (for all mechanical, electrical and architec-

tural energy-efficiency measures) estimated to be 
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FIGURE 2 2013 monthly energy use comparison (kWh equivalent).

the systems. Issues such as an AHU that was cycling 

on overnight, the improper control of outdoor air 

dampers, a leak in the rainwater harvesting tank 

and improper setup of variable speed drives during 

TAB were found. These issues could have otherwise 

plagued the building for years, causing unneces-

sary energy and water use and reduced occupant 

comfort.

predicted savings and energy-efficiency 

goals.

The M&V process allowed for more in-

depth training throughout a full year of 

operation. It also allowed for issues related 

to HVAC systems operation to be addressed 

in real time. The energy model used for 

design assistance was calibrated to the 

building operation using actual meteo-

rological year (AMY) weather; operation 

schedules were adjusted for the HVAC 

systems, occupants and lighting; and plug 

loads were adjusted to account for IT room 

equipment.

This calibrated model allowed each of 

the energy-efficiency measures to be 

validated along with the performance of 
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$192,000, resulting in a simple payback of 1.85 years. 

Utility rates were as follows:

 • Electricity: $0.107/kWh for the first 200 kWh/kW 

of maximum demand, $0.0784/kWh thereafter, plus 

$9.904/kW demand; and

 • Natural Gas: $17.75/GJ ($1.88/therm) on average for 

2013, plus $21.87/month customer charge.

Environmental Impact
Based on local greenhouse gas emission rates, 418 met-

ric tonnes of GHG were saved during 2013. AHU refrig-

erant charge limits were set in the specifications to meet 

the requirements of the LEED Enhanced Refrigerant 

Management credit (<2 lb/ton [258 g/kW] for R-410A), 

reducing ozone depletion potential and global warming 

potential.

Potable water use was reduced in the building through 

the use of low-flow plumbing fixtures and a rainwater 

harvesting system designed to reduce potable water use 

by 69% compared to conventional construction, saving 

over 1 million L (265,000 gallons) per year.

The building has indoor bicycle storage and shower 

facilities, promoting active transportation and also 

allowing occupants to participate in activities such as 

basketball, yoga or running on site during their lunch 

hour.

Four electric vehicle charging stations in the park-

ing garage encourage occupants to use emission free 

(during operation) transportation. Electric vehicles 

reduce greenhouses gases when you take electric-

ity production into consideration, even in areas such 

as Nova Scotia that use a mix of coal and natural gas 

with a small amount of renewable energy to produce 

electricity.

During the construction process, 97% of construction 

waste was diverted from the landfill, 21% of materials 

contained recycled content and 39% of materials were 

sourced regionally.
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