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1. Executive Summary 
Dolph Creek, LLC developed the Dolph Creek Townhomes (DCT), a project that received 
funding from the Portland Bureau of Planning and Sustainability’s Green Investment Fund 
(GIF). The philosophy of this project was to create a “comprehensive, practical, best practices 
model for townhome development that could be exported and incorporated into other projects,” 
thereby showcasing the compatibility of dense urban growth with sound environmental design. 

Green features implemented through this project included a solar water heating system with a 
variable on-demand water heater for backup, heat recovery ventilation (HRV) with hydronic 
forced air system, drip irrigation, and ecoroofs on the smaller units. ENERGY STAR appliances 
and eco-flooring were also installed, and low VOC paints were used. 

The energy analysis began with review of a REM/Rate model developed by Earth Advantage for 
one townhome. The REM/Rate model also included a counterfactual version of the as-built 
model that used building characteristics based on Oregon Energy Code. Cadmus applied 
additional savings to the model’s estimates for other installed efficiency measures, such as lights 
and appliances. One year of billing data was used to confirm usage. Cadmus calculated solar 
water heating energy savings by modeling the system with RETScreen, an Excel-based tool 
developed by Natural Resources Canada.  

The final step was to extrapolate the savings from this one townhome to the other homes, using 
summary reports from the REM/Rate analysis and accounting for additional savings from the 
installed efficient measures. Cadmus found the modeled townhome’s estimated total energy use 
was approximately 45% less than a comparable home built to code. Cadmus also determined the 
average energy savings across all townhomes was 44%. 

All GIF projects starting with those funded in 2006 are required to document construction and 
demolition waste. The program requires recycling 100% of this waste. The developers attempted 
to meet the 100% construction and demolition waste recycling requirement by hiring Traschco 
Services to recycle the waste. Insufficient data were available, however, to determine if the goal 
was actually met. 
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2. Project Description 

General Project Characteristics 
Dolph Creek, LLC developed the Dolph Creek Townhomes (DCT). Dolph Creek, LLC was 
established specifically for this project with Jim Winkler as the overall manager. The project 
received funding from the Portland Bureau of Planning and Sustainability’s Green Investment 
Fund (GIF). The architect was Shawn Sullivan with Sullivan Architecture. The philosophy of 
this project was to create a “comprehensive, practical, best practices model for townhome 
development that could be exported and incorporated into other projects,” thereby showcasing 
the compatibility of dense urban growth with sound environmental design. The developer’s 
underlying goal involved demonstrating development can help restore the environment through 
design and engineering. The developer experimented with efficient combined heating and 
domestic hot water systems, rainwater runoff reduction, and an advanced building design. 

The townhome project is a part of a larger development that consists of two other buildings: a 
100-unit apartment building and a 56-unit affordable senior apartment complex.  The 
development is located on the corner of SW 30th Avenue and SW Dolph Court in Portland. The 
14 units for Dolph Creek Townhomes are separated into two rows. The overall development and 
the townhomes are shown in Error! Reference source not found.Figure 1.  Each townhome has 
two bedrooms, 2.5 bathrooms, a den, and a garage, with an area of roughly 1,560 square feet.  

 

Figure 1. Aerial and Side Views of Dolph Creek Development 

 

 

 

 

 
 

 
 
The project was proposed for completion in fall 2006. It was completed in December 2006 and 
owners started to move in on April 1, 2007. Not all the units were sold or occupied at the outset; 
as of mid-2007, eight out of the 14 units had been purchased. At present, approximately 20 
people are living in the townhomes.  

Proposed Green Features 
The green features and practices originally proposed for the units in this project are listed in 
Table 1. Major green features originally proposed included an efficient heating and domestic hot 
water system and restoration of the headwaters in the Tryon Creek watershed. The evaluation 
team also noted where additional green or energy-efficient features were installed, but not 
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included as part of the Green Investment Fund (GIF) program. Measures that were part of the 
GIF are indicated in the second column in the table. 

Table 1. Proposed and Verified Green Features 

Proposed Measures 
GIF 

Measure? Installed? Comments 

Exterior    
Drip irrigation system Yes Yes Confirmed by Shawn Sullivan, 1/25/07 
Ecoroof on smaller units Yes Yes Confirmed by OSD on 1/29/07 

Restoration of the headwaters to the Tryon 
Creek watershed Yes Yes 

1,000 lineal feet of subterranean storm line was 
replaced with a stream and infiltration basin -apart 
of the storm water management system 

Exterior sun screens Yes Yes Metal structure south facing 
Building Envelope    

Polyfoam insulation used at all roof decks and 
mechanicals Yes Yes Confirmed by Shawn Sullivan, 1/25/07 
Eco-flooring main floor (type)  No Yes Bamboo flooring 
Eco-flooring carpet (green label) Yes Yes Confirmed by Shawn Sullivan, 1/25/07 

Energy efficient windows Yes Yes  
Jeld Wen windows: vinyl, U-0.31, SHGC-0.24, 
visible transmittance-0.45 

Low VOC finishes used throughout interior Yes Yes 
Interior paints: Sherwin Williams Harmony zero 
VOC 

Energy Efficiency    
On-demand water heaters Yes Yes Takagi (T-K20) DWH and Space 

Heat Recovery Ventilation (HRV) with 
hydronic forced air system  Yes Yes 

HRV: Honeywell 208370 REV / Electric furnace: 
International Comfort Products Mark MV12F 
1900A4 

Solar thermal collector Yes [ Yes 

 Alternative Energy Technologies, AE40 with 80 
gallon storage tank and PV module to provide 
power to pump, GE GEPV 030 MNA 01 

ENERGY STAR appliances  No Yes 
Dishwasher (GE PDW7880J) and refrigerator (GE 
PSW23PSTASS) 

Energy efficient air conditioner (optional 
upgrade)  No Yes A/C: International Comfort Products ED 2X2r FA1 
Other: Garage Exhaust Fan Yes Yes Confirmed during site visit 

Other    
Low-flow showerheads/faucets Yes Yes Confirmed by Shawn Sullivan, 1/25/07 
Low-flow toilets Yes Yes Sterling: 1.1 g/flush, dual flush  
Formaldehyde-free cabinetry and wood 
products Yes Yes Confirmed by Shawn Sullivan, 1/25/07 

Construction waste and recycling program 
100% Yes Yes  

2,880 lbs hauled by Traschco; had project-wide 
wood, concrete, cardboard recycling arranged 
through Waste Management 
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M&V Scope and Schedule 
In accordance with the priorities identified by the Portland Bureau of Planning and 
Sustainability, the M&V focus was on energy use, rainfall runoff reduction, and construction and 
development (C&D) waste. Cadmus performed the M&V for this project. Cadmus focused on 
review of the installed green features and conducted the energy analysis and review.  

Our schedule for M&V activities is shown in Figure 2. 

Figure 2. Dolph Creek Townhomes Construction and Analysis Timeline 
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3. Verified Green Features  
Cadmus scheduled and performed a detailed site visit to verify the green measures were present 
and properly installed. Measures were visually verified, when possible, for those involving the 
use of recycled material or environmentally-friendly products (e.g., bamboo flooring). In other 
cases the developer, Jim Winkler, or Sullivan Architecture provided documentation or confirmed 
the use of the material or product. Table 2 shows a summary of the energy-efficiency measures 
as compared to baseline, code requirements. 

Table 2. Comparison of Energy Efficiency Measures 

Measure Code Requirement (Counterfactual)  Project As-Built 
Windows  U-value 0.40 (OR Code) U-value 0.31 
Wall Insulation  R-21 (OR Code) R-21 
Floor Insulation R-25 (OR Code) R-30 
Ceiling Insulation Flat: R-38 (OR Code)  

Vault: R-21 (OR Code) 
R-38 for flat, and R-30 for vault, with 
polyurethane expanding foam spray  

Space Heating Gas Furnace, AFUE 78%  HRV with hydronic forced air system, 
90% efficient  

Infiltration  0.40 ACH  Average 0.325 ACH1  
Solar Water Heating None Alternative Energy Technologies, AE40 
Appliances  Standard efficiency ENERGY STAR refrigerator and 

dishwasher 
 

The solar water heating system consisted of a 4’ by 10’ solar thermal collector with an 80 gallon 
storage tank. A 30-watt photovoltaic module operated the pump for the recirculating glycol loop 
between the panel and the tank's heat exchanger. Domestic supply to the water heating source 
was then drawn from the storage tank, where the temperature could range from 60 to 140 ºF. 

To maximize energy efficiency, the backup water heater needed to adapt to varying supply 
temperatures from the storage tank. A variable on-demand water heater was selected because of 
its ability to perform this task. The resulting hot water was available for both domestic supply 
and a hydronic loop through the forced air electric furnace. Pre-heated water was drawn from the 
solar tank, through the on-demand water heater, and delivered to the furnace at approximately 
160 ºF. Discharge water left the furnace at approximately 80 ºF, where it was returned to the 
solar storage tank, forming a closed loop supply system. 

The forced-air mechanical heat delivery system was designed as a heat recovery ventilator 
(HRV) with hydronic heating coil. The HRV supplied conditioned air exchanges, acted as a 
dehumidifier, and was connected to the bathroom exhaust as a heat exchanger.  

                                                 
1 Earth Advantage blower door test; values ranged from 0.28 to 0.35 ACH 
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4. Energy Savings 

Analysis Approach 
Our energy analysis approach began with review and verification of assumptions by Earth 
Advantage used to estimate initial savings for one townhome. Their analysis applied REM/Rate 
software to determine a score using the Home Energy Rating System (HERS). The HERS index 
indicates the relative efficiency of a home as compared to a conventional reference home using a 
scale from zero (net zero energy home) to 100 (code compliant home). In addition, we reviewed 
results from the blower door tests conducted by Earth Advantage. 

The next step involved taking the REM/Rate model energy usage, applying additional savings 
estimated for other installed efficiency measures, such as lights and appliances, adjusting for 
occupancy, and comparing the adjusted usage to billing data collected over one year. If the 
adjusted model produced yearly consumption estimates (heating, lighting, etc.) consistent with 
the billing data, then the model and baseline (counterfactual) model could be considered an 
accurate portrayal of the actual building. The REM/Rate model also included a counterfactual 
version of the as-built model that used building characteristics based on Oregon Energy Code. 
The limited scope of this study did not permit detailed analyses of all unique features, but we 
were able to extract a considerable amount of useful information from the available data.  

The final step was to extrapolate the savings from this one townhome to the other homes, using 
summary reports from the REM/Rate analysis and applying additional savings from the installed 
efficient measures. 

Description of Simulation Model and Other Analysis Tools 
The special features of these homes required unique analyses and provided useful insights into 
energy usage performance. Earth Advantage modeled the townhomes with REM/Rate software 
to determine savings in gas and electric costs resulting from structural and mechanical 
improvements over code. A separate model was created for each townhome, after the homes 
were built, so the actual as-built characteristics were used. The model accounted for all 
mechanical systems and ventilation, as well as windows, ceilings, roofs, walls, floors and 
infiltration. Initial analysis used data from one townhome. The primary focus was on energy 
savings for heating and water heating end-uses, as shown in Table 3.  

Table 3. REM/Rate Annual End-Use Consumption (MMBtu ) for  
One Townhome  

End Use Baseline (Code) As Built Savings 
Space Heating 39.40 27.50 11.90 
Water Heating  19.30 4.60 14.70 
Lights and Appliances  20.73 20.68 0.05 

Total 79.43 52.78 26.65 
 

The as-built model results were compared to one year of post-occupancy gas and electric bills 
provided by the owner of one unit. REM/Rate used default values for lighting and appliance 
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energy usage, which showed little to no savings in these areas. Cadmus calculated additional 
savings for the dishwasher and refrigerator because they were ENERGY STAR certified. CFLs 
were installed instead of code incandescent lighting, which contributed to additional energy 
savings, as shown below in Table 4. 

The analysis approach for the efficient appliances was relatively straightforward. Energy savings 
were estimated from ENERGY STAR calculators by comparing annual usage for the refrigerator 
and dishwasher to baseline, non-ENERGY STAR appliances with the same specifications. 
Cadmus estimated annual baseline energy usage for lighting with data from an analysis of Puget 
Sound new single-family construction. These data were calibrated from billing data in the 
context of developing end-use energy consumption values on a recent Resource Potential Study 
for Puget Sound Energy. The townhome lighting fixtures used CFLs, so as-built lighting energy 
usage was adjusted to 30% of baseline, incandescent fixtures.  

Solar Thermal Analysis 
Cadmus calculated solar water heating energy savings by modeling the system with RETScreen, 
an Excel-based tool developed by Natural Resources Canada. The RETScreen inputs include site 
location, number of occupants, back up water heating fuel, estimates of daily hot water use, and 
solar collector and storage system characteristics. RETScreen contains a database of product 
specifications and monthly average solar irradiance characteristics by location. The software uses 
these values to calculate an annual energy savings estimate.  

Results 
Earth Advantage calculated the air changes per hour (ACH) from the results of blower door tests 
for all townhomes. The resulting values indicated the superior construction of these homes. 
Natural ACH were found to be 0.28 to 0.35 ACH, with an average of 0.325 ACH. The code 
baseline was 0.4 ACH, so the townhomes’ performance represented about a 20% improvement. 
A number of other factors contributed to REM/Rate estimated savings. As-built windows with a 
U-factor of 0.31 were reported to achieve 21% savings over baseline windows with a U-factor of 
0.40. Frame floors with R-30 insulation were reported to have 26% savings over baseline floors 
with R-25 insulation. As noted, the lower infiltration in the as-built case contributed significantly 
to overall savings. The REM/Rate analysis accounted for savings from the on-demand water 
heater as compared with a standard gas water heater, as well as savings from low flow 
showerheads and faucets. Earth Advantage also performed a Duct Blaster® test, which indicated 
a 90% improvement in the duct leakage rate over a standard home built to code.  

Total energy usage for the townhome for which we had billing data was calculated using a 
combination of REM/Rate outputs, as well as data from the as-built appliances, lighting, and 
solar thermal system. REM/Rate calculated as-built energy usage at 52.78 MMBtu /year. A 
baseline model was also developed with a REM/Rate energy usage of 79.43 MMBtu/year. The 
REM/Rate estimated savings were 26.65 MMBtu /year, or 33.6%. 

Earth Advantage used these results to calculate a HERS index for each individual unit. Those 
values ranged from 65 to 67, with an average HERS index of 66. This is an improvement of 33 
to 35 points over a reference home with a HERS index of 100, corresponding to 33% to 35% 
energy savings in the townhomes. In addition, these homes scored considerably better than the 
required ENERGY STAR HERS index of 85 required when the homes were built.  
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The refrigerator and dishwasher were ENERGY STAR rated. Effects of all installed measures, 
including initial REM/Rate estimates and additional savings based on Cadmus calculations are 
shown in Table 4. The additional savings include adjustments for efficient equipment and solar 
thermal savings. 

Table 4. Energy Use and Savings (MMBtu ) for One Townhome 

 Baseline (Code) As Built Savings

Heating 39.40 27.50 11.90
Water Heating 19.30 4.6 14.70

 Solar Thermal Savings 2.73
Lights and Appliances 20.73 20.68 0.05
Additional Savings   

 Refrigerator 0.44
 Dishwasher 0.29
 Lighting 5.90

Total 79.43 43.42 36.01

 

The gas and electric bills from this address totaled 45.1 MMBtu for one year of energy use. 
Cadmus calculated usage of 43.42 MMBtu. These two values are within 4% of each other, which 
indicates the modeled results with additional savings calculations provide an accurate 
representation of the energy consumption. Based on this, we believe the REM/Rate model is 
sufficiently accurate to use to estimate consumption of the baseline home and savings. The 
results in Table 4 indicate the townhome’s estimated total energy savings are about 45%.  

The baseline and as-built usage for the one townhome was extrapolated to calculate savings for 
all 14 townhomes. Table 5 presents these results and shows 44% average savings across all the 
townhomes. The heating, water heating, and lights and appliances values were derived from the 
REM/Rate analysis for each individual townhome, and the additional savings were applied using 
the same values as for the townhome modeled above. 

Table 5. Energy Efficiency Comparison (MMBtu ) for All Townhomes 

 Baseline (Code) As Built Savings

Heating 576 392.6 183.4
Water Heating 238 64.4 173.6

 Solar Thermal Savings 38.22
Lights and Appliances 297.94 296.53 1.41
Additional Savings    

 Refrigerator 6.12
 Dishwasher 4.04
 Lighting 82.60

Total 1,111.94 622.55 489.39
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5. Construction and Demolition Waste 
All GIF projects starting with those funded in 2006 are required to document construction and 
demolition waste. The program requires recycling 100% of this waste. 

The complete list of 2005-6 GIF materials requirements are: 

 100% construction & demolition waste recycling  

 30% materials-use reduction  

 Design and construction practices that enable deconstructability and reuse of 80% of building 
materials. 

 Use of materials with recycled content such that the sum of post-consumer recycled content 
plus one-half of the post-industrial content constitutes at least 10% of total value of project 
materials.  

 Use salvaged, refurbished or reused materials, products or furnishings for at least 5% of 
building materials (by cost).  

 Design for easy and accessible garbage and recycling collection for building residents and 
tenants.  

The developers attempted to meet the 100% construction and demolition waste recycling 
requirement by hiring Traschco Services to recycle the waste. The townhome waste management 
log was provided to Cadmus for this report, as well as invoices from Trashco Services. In this 
project, a total of 18 yards and 2,880 pounds of waste were hauled in one 2-yard trip for each of 
9 months, at 320 pounds per trip. Unfortunately, the developer was unable to confirm this 
represented 100% of the construction and demolition waste or if Trashco did in fact recycle the 
waste after it was hauled away. The developer also noted the drywall was made with recycled 
content.  

 

 

 

  






