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ABSTRACT 
 
As codes and standards evolve towards low- or net-zero energy buildings, the practicality of 
achieving these targets in high-rise concrete construction gets increasingly challenging. High-
rise residential buildings are becoming more common as cities redevelop and add density.  
Current design and construction practice for high-rise MURBs presents a number of constraints 
with regards to achieving high levels of energy performance.  These practice issues typically 
include;  
 

a) the desire to maximize glass to enhance marketability, daylight, and views;  
b) the desire to provide access to the outdoors via extended balconies;  
c) the need for Code-mandated non-combustibility and life safety requirements;  
d) a preference for building systems that minimize exterior construction access and 

streamlines construction sequencing;  
e) the adoption of increased structural load requirements, and/or  
f) the drive to minimize initial capital costs.  

 
The outcome of these combined constraints is often poor energy efficiency, with the burden of 
higher operating costs deferred to future owners.  There has been significant industry 
discussion on the poor energy performance of this class of building but there is very little 
guidance or long-term factual strategic information beyond broad principles of minimizing 
glazing areas, maximizing glazing performance, increasing air-tightness, and adding more 
insulation to opaque areas.  This paper explores the prospect of energy-use becoming a 
primary consideration in high-rise residential buildings and what that will likely mean for the 
typical competing constraints mentioned above.   
 
This paper utilizes the current common construction practices for concrete-framed, high-rise 
residential buildings in heating dominated climates (ASHRAE Zones 4 to 7) as a baseline to 
evaluate the impact of the interconnected variables related to reducing overall heating energy 
use. The objective is to weigh the impact of individual improvements against integrated bundles 
of measures to develop a roadmap and a better understanding of a practical path towards low 
energy, high-rise residential buildings.  The paper focuses on solutions related to building 
envelope performance but from a holistic perspective that recognizes the interaction and 
contribution of mechanical systems typical of this construction type.  The building envelope 
parameters covered includes glazing performance (for both conventional and innovative 
technologies) and opaque wall performance (with a focus on specific details to reduce thermal 
bridging rather than increasing insulation levels).  The analysis presented draws upon three 
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dimensional (“3D”) thermal modeling, whole building energy analysis, field testing and 
monitoring, and typical construction costs.  The goal is to develop realistic targets for high-rise 
buildings and identify improvements that can be arrived at by market forces rather than those 
that can only be realized through more stringent and enforceable codes and standards. 
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INTRODUCTION 
 
The fundamental principles for reducing energy loads and improving energy efficiency in 
buildings are well known; 
 

a) minimize glazing areas,  
b) improve glazing and opaque thermal performance,  
c) reduce air leakage, and  
d) install higher efficiency mechanical and electrical systems.  

 
However, the practicality and applicability of these principles can be challenging for high-rise 
multi-unit residential buildings (MURBs).  Conflicting constraints include;  
 

a) the desire to maximize glass to enhance marketability, daylight, and views;  
b) the desire to provide access to the outdoors via extended balconies;  
c) the need for Code-mandated non-combustibility and life safety requirements;  
d) a preference for building systems that minimize exterior construction access and 

streamlines construction sequencing;  
e) the adoption of increased structural load requirements, and/or  
f) the drive to minimize initial capital costs.  

 
This paper explores a road map towards achieving low-energy MURBs, focusing in on solutions 
that are practical and achievable, prioritizing the largest and most cost-effective energy 
reductions.  Energy reductions will be in the context of the often-cited goal of 100 ekWh/m2 
(Finch, 2010) The paper then explores further improvements that could be achieved by 
overcoming some of the constraints mentioned above.  The paper will focus on a typical MURB 
common to many markets across North America; however, the analysis presented is for the 
Vancouver, Canada climate only. Neveretheless, the framework can be extended to other North 
American cold climates in terms of this paper’s applicability and potential for additional 
opportunities. 

 
THE MURB BASELINE 
 
The characteristics of what defines a typical MURB can vary by market, but North American, 
high-rise residential buildings also have many similarities.  Although building codes are 
changing by requiring compliance with more stringent energy standards, the major design and 
construction features of the typical MURBs have remained relatively constant. Table 1 outlines 
the key building system characteristics of the typical MURB, which will form the “Baseline” for 
the analysis.  The energy use breakdown for the Baseline MURB for a Vancouver, BC climate is 
shown in Figure 1. 
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Table 1: Baseline MURB Characteristics 

Building 
System Characteristics Physical Representation 

General 30-Storey High-Rise MURB, 320,000 ft2, 
12 suites per floor, 40,000 ft2 parkade 

 

Building 
Envelope 

60% Glazing, Effective Wall R-value of 3.5 
(window wall spandrel panels and 

concrete balconies), Window U-value of 
0.40 

Lighting 
Systems 

Code Compliant Lighting (ASHRAE 90.1-
2007) 

Mechanical 
Systems 

Mid Efficiency Boilers and Water-Cooled 
Chillers Serving a 4-pipe Fan Coil System, 

Corridor Ventilation at 85 cfm/suite 

 

 

 

 
FIGURE 1: Energy Use Breakdown of Baseline MURB in Vancouver, BC (ekWh/m2) 
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In order to validate the Baseline model energy use, a comparison was made with available 
measured data.  The largest single published data set for British Columbia MURBs included 
measured data of 39 non-combustible MURBs located in Lower Mainland and Victoria, BC 
(RDH, 2012).  The results presented include pre and post retrofit performance and is shown in 
Table 2. 

Table 2: Energy Use Intensity Comparison Between Baseline Model and Measured Data 

Scenario EUI (ekWh/m2) 

Baseline MURB Presented in Paper (Vancouver, BC Climate) 175 

Measured EUI Existing Vancouver MURBs (RDH, 2012) 188 - 203 

 
METHODOLOGY 
 
In order to determine the relative impact of discrete and combined energy efficiency measures, 
a parametric analysis covering over 100,000 simulations was run using the whole building 
energy simulation software EnergyPlus 8.1.  All permutations of the 11 common energy 
efficiency measures were undertaken, with each measure having between two and four values.  
Some of the variables modeled are outside of the range of what is typical due to the constraints 
mentioned above (i.e. marketability, constructability, combustibility, etc.). However, they were 
considered nonetheless to establish end points. A summary of the variables modeled is shown 
in Table 3, with the bold values representative of the characteristics of the typical Vancouver 
MURB, which becomes the evaluation “Baseline” model. 
 
Table 3: List of Energy Efficiency Measures Modeled 

Building 
System Variable Values Modeled 

Building 
Envelope 

Glazing Ratio 30%*, 40%, 50%, 60% 

Window U-value  
(Btu/h-ft2-F) 

0.39 (Double Glazed, Aluminum) 
0.35 (Optimum Double Glazed Aluminum Framed) 
0.28 (Optimum Triple Glazed Aluminum Framed) 

0.19 (Triple Glazed Vinly/Fibreglass Framed)* 
SHGC 0.20, 0.35, 0.50 

Opaque Wall Effective R-
Value (F-ft2-h/BTU) 3.5, 5.5, 9, 12*, 15* 

Electrical 

Suite LPD (W/m2) 5, 9, 12 
Corridor Area LPD (W/m2) 4.0, 5.5 

Parkade LPD (W/m2) 0.16, 0.20 
Plug Load Density (W/m2) 

 4, 5 

Mechanical 
Systems 

Plant Heating Efficiency 
80%, Atmospheric Boiler Performance Curve 

85%, Modulating Boiler Performance Curve 
88%, Condensing Boiler Performance Curve 

Ventilation Heat Recovery None 
Yes, Suites only at 65% Effectiveness 

Domestic Hot Water 
80% Efficient DHW Heater 

80% DHW Heater with 20% Flow Reduction in HW Fixtures 
95% DHW Heater with 20% Flow Reduction in HW Fixtures 

* These values are not typical for this type of construction due to various constraints 
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The results of the simulation were amalgamated using a parallel coordinate graphical display, 
which allows for multi-variable visualization. The use of this tool allows the user to visualize the 
interconnectedness of each of the variables and it provides an simplified medium to filter 
multiple variables and discover the resultant energy performance.  Alternately, energy 
performance can be filtered to see what remaining variables lead to that performance.  A 
sample screenshot of the parallel coordinates interface is shown in Figure 2.  The highlighted 
solution represents the typical baseline MURB characteristics identified in Table 3.  
  

 
FIGURE 2: Multi-Variable Visualization using Parallel Coordinates 

 
ANALYSIS OF ENERGY EFFICIENCY MEAURES 
 
As a starting point for the analysis, we first assessed two important energy efficiency measures 
that are purely mechanical in nature, eg., ventilation heat recovery and domestic hot water.  
These two measures are known to have significant energy saving opportunities from the 
author’s experience with MURB whole building energy models in Vancouver.  Once these 
measures were assessed, we then reviewed the various building envelope/enclosure issues in 
further detail.  This approach allowed for the development of rational “bundles” of energy 
efficiency measures that could then be effectively compared in terms of performance and cost. 
 
Ventilation Heat Recovery 
 
The use of heat recovery on ventilation air is becoming more common in MURBs for certain 
markets. The most common methods are through the use of individual suite energy or heat 
recovery ventilators. Since ventilation air is provided continuously, 24 hours a day, the energy 
impact of reducing ventilation heating energy is significant. 
 
In the analysis conducted, the range of results between the highest and lowest energy values 
are from around 200 ekWh/m2 down to 80 ekWh/m2. At values of 120 ekWh/m2 and below, there 
are no solutions that do not include ventilation heat recovery; i.e. lower levels of energy use are 
not possible without the use of ventilation heat recovery.  Also, there are no solutions above 140 
ekWh/m2 when ventilation heat recovery is used. It is clear that the impact to this measure is 
significant.  
 
When specifically looking at the Baseline, the use of ventilation heat recovery alone brings the 
energy use from 175 ekWh/m2 to 130 ekWh/m2, a reduction of 45 ekWh/m2 or 25% of total 

See Figure 3 
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energy. Without ventilation heat recovery, similar levels of energy performance are only possible 
through the implementation of almost all other measures combined.  This is highlighted in 
Figure 4. 
 
 

 
FIGURE 3: Comparison of EUI for Baseline with (130 ekWh/m2) and without (175 ekWh/m2) 
Ventilation Heat Recovery and Best Case MURB without Heat Recovery (120 ekWh/m2) 

 
Ventilation heat recovery is predominantly a parallel path energy flow, meaning that it has little 
impact on other measures.  The absolute energy savings of implementing ventilation heat 
recovery will be relatively similar whether it is implemented in a poor or high performing MURB. 
Therefore, consideration of this measure should be made in all cases. 
 
Although good indoor air quality is not exclusive to ventilation heat recovery systems, the use of 
ventilation heat recovery usually lends itself to a more effective delivery of outdoor air to 
occupants.  This is achieved through the use of suite heat recovery ventilators, direct ducted to 
the occupied areas rather than conventional corridor pressurization, where air is expected to 
travel from the corridors to the suite, but often bypasses the suite via other means such as 
elevator shafts. 
 
Domestic Hot Water 
 
Domestic hot water is also a parallel path energy flow, and as shown in Figure 1, makes up 
about 18% of the total energy use in a MURB.  Energy efficiency improvements to the DHW 
system are straightforward to implement and typically involve the use of high efficiency water 
heaters and/or the use of low-flow plumbing fixtures.  This is becoming more common as many 
projects pursue “green building” rating systems that also address water efficiency.  A reduction 
of up to 12 ekWh/m2 is possible for DHW systems, a reduction of almost 7% of the total energy 
use in the Baseline MURB, as shown in Figure 5.  
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FIGURE 4: Comparison of EUI of Baseline (175 ekWh/m2) with DHW Savings (163 ekWh/m2) 
and with DHW savings and Ventilation Heat Recovery Combined (118 ekWh/m2) 

Bundle 1 

As shown in Figure 5, the cumulative impact of both ventilation heat recovery and DHW savings 
brings the EUI value down to 118 ekWh/m2 or a 32% improvement over the Baseline MURB.  
Since these two items are parallel path energy efficiency measures, DHW and ventilation heat 
recovery will be termed “Bundle 1” moving forward.   
 
Building Envelope 
 
The building envelope has long been seen as the first line of defense towards achieving more 
energy efficient buildings.  The authors are not in disagreement with this principle. 
Improvements to the building envelope are energy efficiency measures with a long service life 
and impact peak heating and cooling loads, which may reduce the initial cost of mechanical 
equipment. However, it is important to recognize the constraints that make high levels of 
building envelope performance challenging as well as the relative impact of the envelope over 
other energy efficiency measures in MURBs. 
 
Recently published studies such as ASHRAE 1365-RP and the Building Envelope Thermal 
Bridging Guide; Analysis, Applications, and Insights (Morrison Hershfield 2011 and 2014) have 
shed light on the significant impact that thermal bridging can have on envelope thermal 
performance.  The Building Envelope Thermal Bridging Guide highlights the minimal thermal 
performance of common high-rise MURBs when all thermal bridging is quantified and outlines 
options for improving building envelope thermal performance.  The guide provides a sobering 
discussion on the overall “effective” R-value when no attention is paid to thermal bridging at 
interface details during design.  Interface details and related thermal bridging occur at the 
intersection of building envelope assemblies and/or structural components.  The Thermal 
Bridging Guide outlines how the opaque building envelope “effective” R-value can cost-
effectively go from a low of R-3.5 to as high as R-9.5 for MURBs by mitigating thermal bridging 
at interface details rather than simply adding more insulation.  An “effective” R-value of R-9.5 
might not seem as a high benchmark since values of R-20 to R-30 are often targeted in the 
pursuit of high performance buildings.  However, one should question such lofty targets for 
market high-rise buildings by asking a few questions: 
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1. Are these targets actually ever achieved in practice when all thermal bridging is 
quantified? 

2. Are these targets realistic for high-rise MURBs?  

3. And most importantly, are they necessary?  

Building Envelope Diminishing Returns and the Impact of Thermal Bridging 

Using Vancouver as an example market with many high-rise residential buildings, the collective 
industry wisdom is that building envelope performance is important and that there is a lot of 
room for improvement.  However, it is important that we analyze the data to understand where 
improvements to the building envelope are most significant, and the point at which further 
improvements show diminishing returns. 

For example, let’s consider a building that achieves a “high performance” building envelope (R-
15 walls, triple glazed vinyl/fiberglass framed windows, 30% window-to-wall or glazing ratio), 
which has a modeled energy performance of 154 ekWh/m2, assuming all other characteristics 
as per the Baseline reference.  This is an improvement of 12% over the Baseline.  When this 
“high performance” building envelope is applied to Bundle 1, the annual energy results are 96 
ekWh/m2, or an improvement of 18% over Bundle 1 alone. Together, the high performance 
building envelope, combined with Bundle 1, is a 45% improvement over the Baseline MURB.     

However, an opaque building envelope with an “effective” R-value of R-15 is challenging to 
attain and not commonly achieved in practice because of the constraints and realities of market 
driven, non-combustible, high-rise buildings.  Current realities are that glazing ratios below 40% 
are rarely seen due to marketability, “small” or “efficient” floor plans where more glazing make 
units feel larger, and the necessity for access to views.  The thermal performance of the building 
envelope is often further compromised as a result of balconies that are an extension of concrete 
floor slabs and an predisposition to thermally inefficient assemblies that are installed as 
modules and minimizes work from the exterior to caulking and painting.  Finally, achieving low 
glazing U-values with fiberglass or vinyl framed windows is restrained by Code provisions for 
fire and life safety.  The use of combustible window framing is uncommon when the fire 
protection requirements are added to the desire for modular construction and glazing ratios 
greater than 40%.   

The constraints on the building envelope thermal performance for high-rise MURBS do not have 
to lead to an “effective” R-value of R-3.5.  Industry can do much better and changes are 
required to achieve low energy buildings.  With regard to the building envelope, significant 
changes can be realized if more attention is paid to thermal bridging at interface details 
concurrently with more thermally efficient wall and glazing assemblies. 

The difference in energy consumption between the “high performance” building envelope and 
one that is more readily achievable considering the above-mentioned constraints is not 
significant, as shown in Figure 6.  A discussion of the assumptions for the two building envelope 
scenarios, “high performance” versus “readily achievable”, follows.   

An “effective” R-value of R-9 for the opaque building envelope was deemed a reasonable target 
envelope when all thermal bridging is considered.  An “effective” R-value of R-9.5 can be 
achieved for the opaque building envelope with a clear field “effective” R-value of approximately 
R-16, thermally broken balconies and parapets, and attention paid to the continuity of the 
insulation at interface details.  An “effective” R-value is realistically achievable for market 
buildings with exterior insulated steel stud assemblies, exterior insulated concrete assemblies, 
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and/or enhanced modular window-wall spandrel sections4.   An example calculation of the 
“effective” R-value calculation is summarized in Table 4 for with an exterior insulated steel stud 
assembly following the Building Envelope Thermal Analysis (BETA) approach and data put 
forward by the Building Envelope Thermal Bridging Guide (Morrison Hershfield 2014).  The 
quantities are based on the quantities for the archetype MURB summarized above. 

An opaque “effective” R-value of R-9.5 coupled with aluminum framed glazing with a U-value of 
0.28 °F∙ft2∙hr/BTU (triple glazed units with double low-E) and 40% glazing ratio was also deemed 
a reasonable target for the overall vertical envelope performance for the high-rise MURB 
market5.   

 

 
FIGURE 5: Comparison of EUI with Envelope Improvements, DHW Savings and Ventilation 
Heat Recovery 

4 Enhanced window-wall systems are emerging with much higher spandrel “effective” R-values than commonly 
currently achieved. Higher “effective” R-values require better attention to the insulation at the slab by-pass, 
improved defection headers, and an insulation layer that is not interrupted by framing.  The insulation layer not 
interrupted by the window-wall framing can be achieved by several different approaches that are not covered by this  
paper. 
5 The market is already heading towards low U-value requirements for glazing, where triple glazing will likely 
become more of a reality for aluminum framed glazing in the future. 
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Table 4: Effective R-Value Calculation for the Opaque Envelope using the BETA Approach 

Transmittance Type Quantity Transmittance6 
Heat 
Flow 

(W/K) 

%Total 
Heat 
Flow 

Clear Wall 

Exterior insulated steel stud wall 
with intermittent clips 
supporting metal cladding and 
R-16.8 nominal insulation 

5903 m2 0.33 W/m2K 1948 53% 

Manufactured structural 
thermal break at balcony 
sliding door 

226 m2 2.39 W/m2K 541 15% 

Parapet 

At steel stud wall with concrete 
roof deck and thermally broken 
Concrete Parapet 

55 m 0.10 W/m K 5 >1% 

At glazing with concrete roof 
deck and thermally broken 
concrete parapet 

73 m 0.20 W/m K 15 >1% 

Intermedi
ate Floor 

At steel stud and concrete floor 
intersection 616 m 0.07 W/m K 43 1% 

At steel stud wall w/thermally 
broken balcony 778 m 0.22 W/m K 172 5% 

At glazing, steel stud, and 
concrete floor intersection 1536 m 0.07 W/m K 108 3% 

At sliding door 636 m in clear wall n/a n/a 

Glazing 
Transition 

Window/Door Frame to Steel 
Stud Wall 5559 m 0.11 W/m K 600 16% 

Corners 
Inside Corner 329 m 0.06 W/m K 20 1% 

Outside Corner 658 m 0.17 W/m K 112 3% 

At grade 
At door 22 m 0.86 W/m K 19 1% 

At Steel Stud Wall 106 m 0.95 W/m K 101 3% 

Total 3684 100% 

Overall Opaque U-Value, W/m2K (BTU/ oF∙ft2∙hr) 0.6 (0.1) 

Effective R-Value 9.5 
 
Figure 6 and 7 clearly show diminishing energy saving returns at higher effective R-values.  
Additionally, from a design and construction perspective, as more insulation is added to the 
exterior of walls, the energy savings are almost non-existent if lateral heat flow paths caused by 
thermal bridging at interface details are not addressed.  For MURBs in our example Vancouver 

6 The concept and application of linear transmittance is discussed in detail in ASHRAE 1365-RP (Morrison 
Hershfield, 2012) 
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climate, most of the gains, approximately 75% of the theoretical maximum, will be achieved if 
the building envelope met an “effective” R-value of R-9.5 as shown in Figure 7.  An extra 17.5% 
gain can be achieved with an envelope meeting an “effective” R-value of R-15 and it will take an 
infinite amount of extra thermal resistance to fully get the last 7.5% improvement. 
 

 
FIGURE 6: Electrical Savings for only Envelope Improvements for the Vancouver Baseline 
MURB 

 
 
Glazing Interface Details 
 
The impact of the heat flow at glazing interfaces can be significant, sometimes even exceeding 
the heat flow through the clear field of the well-insulated walls.   The interface between the 
window and framing of the wall assembly, and placement of windows in relation to the thermal 
insulation can make a big difference.  This become particularly evident when quantifies of 
glazing interfaces are considered for MURBs, particularly for punched window openings.  In 
some cases, this may contradict conventional energy efficiency wisdom where small window 
openings are seen as an obvious advantage.  For example, Figure 8 illustrates three ways that 
40% glazing can be achieved in a building with three different quantities of the glazing to wall 
interface.  For a high-rise MURB these quantities multiply and can result in differing quantities in 
the range of several thousand meters between scenarios. Multiply these differences to the 
range of possible linear transmittances7 and the significance of the impact becomes apparent.  
Figure 9 illustrates the impact of introducing a wood liner, moving the window position, and 
insulating the window opening for an aluminum framed window in a punched steel stud opening 
with exterior insulation. For this analysis, only the sill was considered and the impact for a whole 
window is discussed below. 

7 ibid 
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FIGURE 7: Quantity of Glazing Interfaces for Three Glazing Orientations with 40% Glazing 

 
 
 
 
 
 
 
 
 

 

 

 

Base Case Plywood 
Liner 

Plywood Liner 
with Window 

at Exterior 

R-4 
Insulation 
Wrapped 

into 
Opening 

 

    
Linear Transmittance 
(W/m K) 0.41 0.24 0.21 0.21 

13 
 



FIGURE 8: Glazing Interfaces Transmittance Values for Different Details 

The linear transmittance between the base case and in Figure 9 and the value presented in 
Table 4, for the entire window interface, is 0.30 W/m K.  For the high-rise MURB presented in 
Table 4, the “effective” R-value would drop to R-7.1 if the base case window interface detail was 
used.  In terms of energy-use, this difference is similar to trying to get the extra gain by going 
from R-9.5 to R-15 in effective R-value of the entire wall assembly.  However, it makes more 
sense to pay attention to efficient detailing because it is more cost effective to add a plywood 
liner, align the windows properly, and/or ensure insulation is brought into the opening.  
Accordingly, improvements to the selection, design, and installation of windows become 
increasingly more critical and cost effective than adding more exterior installation to reach the 
goal of low energy buildings. 

Reducing Thermal Bridging using Technology 

Mitigating thermal bridging at interface details matters and there are many ways to minimize the 
impact of thermal bridging.  Sometimes, ensuring that the continuity of insulation makes the 
most sense and in other cases it makes more sense to introduce new technologies that provide 
effective thermal breaks.  These concepts are elaborated on below. 

Structural thermal breaks can be more cost effective than wrapping insulation around parapets 
and balconies. Furthermore, despite manufactured thermal breaks not being free of thermal 
bridging, these technologies can be more effective in reducing thermal bridging than wrapping 
parapets or balconies in insulation.  

For example, heat loss is reduced by more than 85% compared to common practice for a 
thermally broken parapet. This compares favourably with the approximately 60% reduction for 
wrapping insulation around the parapet. The parapet with wrapped insulation does not deal with 
the geometric thermal bridge, additional heat flow due to geometry, which is a result of heat 
flowing to the parapet and the increased surface area exposed to the exterior.  The following 
graphics illustrate the difference between a thermally broken concrete parapet and a fully 
insulated parapet.  Note the clear wall assemblies are slightly different, but the insulation levels 
are identical and the clear field thermal transmittances are essentially the same. 

 
 

 
 

  

 

This example highlights a scenario where a new and innovative technology is more cost 
effective than the prescriptive requirements that energy standards might adopt if thermal 
bridging will be thoroughly addressed.  If energy standards assume insulation wrapped around a 

Figure 10: A parapet with the 
insulation wrapped around the 
parapet structure.  The parapet 
is warm (green), indicating more 
heat flow and a less efficient 
system. 

Figure 9: A thermally broken 
parapet where the roof insulation 
is carried to the exterior insulation 
at the same level via a 
manufactured thermal break.  The 
parapet is cold (blue), indicating 
less heat flow and a more efficient 
system. 
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parapet as the baseline, then there will be a significant incentive for designers to consider cost 
effective solutions such as structural thermally broken parapets. 

The continuity of the thermal performance of the building envelope becomes increasingly more 
important as major thermal bridges are mitigated.  For example, a small gap in the insulation at 
a concrete balcony does not make much of a difference when the heat is freely flowing through 
a concrete slab.  However, when a structural thermal break is introduced then only a little bit of 
insulation makes a difference to stop heat flowing around the thermal break.  This concept is 
quantified in Table 5.  Graphics of the scenarios follow. 

Table 5: Impact of Insulation at a Concrete Curb of Cantilevered Concrete Slab Projections with 
Exterior Insulated Steel Stud Assemblies 

Scenario Curb 
Insulation? 

Ro 
ft2∙hr∙oF / Btu 
(m2 K / W) 

Reffective 
ft2∙hr∙oF / Btu 
(m2 K / W) 

ψ 
Btu/ft hr oF 

(W/m K) 
Gain in 
Reffective 

C
on

ve
nt

io
na

l 
C

on
st

ru
ct

io
n A No R-11.3 (1.99) R-6.8 (1.19) 0.584 (1.010) 

0.5 (0.09) 

B Yes R-11.3 (1.99) R-7.3 (1.28) 0.485 (0.840) 

M
an

uf
ac

tu
re

d 
Th

er
m

al
 B

re
ak

 

C No R-11.3 (1.99) R-8.7 (1.53) 0.261 (0.452) 

1.3 (0.23) 

D Yes R-11.3 (1.99) R-10 (1.76) 0.117 (0.203) 

 
 
 
 

Conventional Construction Manufactured Thermal Break 
A B C D 

   

 

Other Measures 

The analysis above shows a realistic path to achieving 104 ekWh/m2 without pushing the 
boundaries too far on the major constraints identified.  The remaining variables not yet 
discussed, provide less impact than those identified above; however, modest improvements to 
lighting, plug loads, heating efficiencies, etc. are required to get below the target of 100 
ekWh/m2. There are several different combinations of lighting, heating efficiency, and plug load 
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improvements that will lead to a building with an energy consumption below 100 ekWh/m2.  An 
example of three scenarios is highlighted in Figure 12 below.   

  

 
FIGURE 11: Comparison of EUI with Multiple Measures to Achieve <100 ekWh/m2 

 
COST BENEFIT ANALYSIS 
 
Up to now, we have discussed energy efficiency measures in terms of their relative energy 
impact, but have not yet introduced costs implications.  A cost-benefit analysis with respect to 
the considered measures has been done using broad cost projections (+/- 50%) and is based 
on generic cost estimates not specific to any project. The analysis  also uses local utility rates 
for Vancouver, BC to complement the climatic loads for the energy analysis. While the costs will 
vary for specific projects in different markets, the relative cost effectiveness of each measure 
can be useful in determining priority for each energy efficiency measure.  A summary of the 
capital costs used for the energy efficiency measures under discussion are listed in Table 6.    
 
Table 6: Incremental Capital Costs of Energy Efficiency Measures 

Energy Efficiency Measure Description Incremental Capital Cost 

Ventilation Heat Recovery 360 Suite Heat Recovery Ventilators $550,000 

DHW Savings Low Flow Fixtures and High Efficiency 
DHW Heaters $25,000 

High Performance Envelope R15 effective walls, triple glazed 
fiberglass frames, 30% glazing $800,000 

Achievable Envelope R9.5 effective walls, triple glazed Al 
framed windows, 40% glazing $500,000 

Suite Lighting Reduction Partial LED Fixtures over Conventional $75,000 
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Generally, the cost:benefit analysis supports the same conclusions as the energy analysis.  
That is, the simplest and largest energy impacts tend to have the shortest paybacks.  Measures 
that push performance improvements past the point of diminishing returns, such as the high 
performance building envelope, show much longer paybacks.  Also, as discussed above, the 
high performance envelope has constraints other than cost that limit available solutions and 
wide spread implementation. 
 

 
FIGURE 12: Comparison of EUI with Multiple Measures to Achieve <100 ekWh/m2 

The results show that for this particular Vancouver example, a MURB can achieve less than 100 
eKWh/m2 with paybacks less than 15 years at current market conditions and utility pricing. 
 
DISCUSSION 
 
A large scale parametric analysis coupled with a multiple variable visualization technique is 
useful for identifying the interdependencies (or lack thereof) of several variables on energy 
efficiency.  For this particular study, where the focus was on a high rise MURB, we were able to 
identify the relative importance of various energy efficiency measures.  From both an energy 
and cost-effectiveness perspective, predominantly parallel path energy flows, such as 
ventilation and DHW ranked highest.  And because they are not strongly linked to other 
variables, energy efficiency measures that address these energy flows are highly recommended 
in all cases. 
 
The roadmap for the best approach to energy savings through envelope improvements is more 
complex.  The different building envelope measures, such as opaque R-values, glazing U-
values and glazing ratios, are interrelated and there are a number of solutions that could yield 
the same final performance.  As an example, of the scenarios modeled, there are 50 separate 
possibilities of these three building envelope variables that yield whole building energy use 
values between 100 and 110 ekWh/m2.  This illustrates two points; 
 

1. First is that there are many paths to achieving a similar level of building envelope energy 
performance.   
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2. Second is that improvements to the building envelope have diminishing energy saving 
returns.   

 
Many scenarios are nevertheless promising because they provide flexibility for designers to 
achieve the same result while being able to meet other, non-energy related, project goals. 
 
There is no direct answer to identifying where diminishing returns occur for any one variable, as 
it depends on the performance of the other interrelated variables, emphasizing the notion that 
there are many roads that lead to the same performance.  This also highlights the importance of 
conducting a project specific energy analysis to quantify the impact of the building envelope, the 
interdependence of the different envelope variables, and the cost-effectiveness of achieving a 
specific energy target. 
 
Finally, the analysis shows us that regardless of the order in which we implement energy 
efficiency measures, a multitude of measures are required to achieve high overall levels of 
performance.  One can not focus on the envelope or ventilation or DHW or lighting alone; 
improvements to all major building systems are necessary. 
 
NEXT STEPS AND FURTHER CONSIDERATION 
 
One of the key takeaways from this analysis is the concept of diminishing energy saving returns 
related to both increasing levels of building envelope performance and/or neglecting heat 
transfer through building envelope interface details.  This concept is important for informing 
future codes and standards.  Changes in energy codes over the previous two decades have 
seen significant performance requirement increases to the building envelope.  For many 
building types, these requirements have exceeded what is practical, and project teams are 
forced to make liberal interpretations in order to assume compliance. 
 
For example, ASHRAE 90.1-2010 Zone 5 minimum requirements for residential building wall R-
value is R15.6 for Steel-Framed walls (typical wall type for a MURB with window wall).  This 
value is extremely difficult to achieve in high rise residential construction, leading many 
practitioners to ignore and exclude thermal bridging at interface details, including balcony slabs, 
parapets, shelf angles, etc.  Improvements to these details would have a significant 
improvement on the overall “effective” R-value, but still not meet the Standard’s requirements.  
A shift by energy code development bodies towards realistic R-value requirements, coupled with 
acknowledgement of the impact of interface details, would result in better energy outcomes for 
buildings that reflect practical and achievable changes in design and construction, with a 
resulting industry alignment with Standards’ interpretations. 
 
In addition to better addressing the building envelope, energy codes should also consider more 
significant improvements to mechanical and electrical systems.  With so much energy savings 
being easily achieved with mechanical systems, such as the use of ventilation heat recovery in 
a MURB, there is little incentive to improve building envelope performance, which has a higher 
payback.  Until the cost-effective, “low-hanging fruit” becomes a baseline standard in energy 
codes, building envelope performance will continue to get little attention in the MURB market.   
 
The analysis also provides an initial data set for one climate, but mostly a framework for using 
EUI values as a basis for potential code compliance moving forward. 
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Holistic Approach to Achieving 
Low-Energy High-Rise 
Residential Buildings 







Participants will : 
1. Identify constraints for designing and building low-


energy, multifamily, high-rise, residential buildings 
2. Quantify the impact of typical energy efficiency 


measures in multifamily, high-rise, residential buildings 
3. Understand the true performance of the building 


envelope within typical practice, including the impact 
of thermal bridging at interface details 


4. Identify practical solutions to improve building 
envelope performance in the context of overall 
building energy performance and other energy 
efficient measures 


 
 


Learning Objectives 







Identify the Problem 
Typical Multifamily Hi-Rise What’s wrong with it? 


• Too much glass? 
• Poor opaque wall 


envelope performance 
• Lots of thermal bridging 
• Inefficient ventilation 
• Mediocre HVAC and 


lighting systems 


 







Objective 


• Get Below 100 ekWh/m2 


• Identify practical solutions 
• Prioritize measures 
• Highlight envelope performance 
• Test new parametric tool 







Building Characteristics 


• Vancouver, BC – 30 Stories 
• 60% Glazing 
• R3.5 effective walls 
• DG, Al Windows U-0.39 
• ASHRAE 90.1-2007 Lighting 
• Corridor Pressurization Vent. 
• Mid-efficiency Heating Plant 
• ASHRAE 90.1-2007 DHW Plant 


 







Building Performance 


Modeled at 175 ekWh/m2 (55 kBtu/sf) 
 


Natural Gas 
67% 


Electricity 
33% Space 


Heating 
48% 


DHW 
19% 


Space 
Cooling 


2% 


Lighting 
15% 


Plug Loads 
9% 


Fans + 
Pumps 


3% 


Parkade 
2% 


Elevators 
2% 







Constraints 


• Maximize glass for marketability, views 
• Balconies for outdoor access 
• Non combustibility requirements 
• Minimize exterior construction access 
• Streamline construction sequencing 
• Structural load requirements 
• Minimize initial capital costs 


 







Methodology 


• Identify potential energy efficiency 
measures 


• Assess their applicability within identified 
constraints 


• Perform parametric analysis  
(100,000 simulations) 


• Multi-variable visualization using parallel 
coordinates to analyze data 







Energy Efficiency Measures 


• Improved envelope 
• Ventilation Heat Recovery 
• Improved HVAC and DHW efficiency 
• Reduced lighting and plug power 







Parallel Coordinates 







Parallel Coordinates 







Overall Findings 
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“R9 Effective” 
• Exterior insulated steel stud wall with intermittent clips 


OR full height spandrel sections 
• Structural thermal breaks at balconies and parapets 
• Improved glazing transition details 


 
 







Building Envelope Findings 







Building Envelope Findings 







Building Envelope Findings 
• 50% of wall heat flow going 


through interface details in 
baseline (R3.5) 


• “Practical” wall at R9.5 effective 
has 63% heat loss reduction 
over baseline 


• ~75% of that reduction is from 
better interface details, not 
clear wall 


 







Energy Code Implications 
• Stop requiring increasing levels 


of insulation without clear 
direction on interface details / 
thermal bridging 


• Improve minimum HVAC 
performance requirements 
thereby reducing “easy” 
opportunities for compensating 
for poor performing envelopes 







Conclusions 


• Target of 100 ekWh/m2 achievable with 
practical solutions 


• Mechanical measures lowest hanging 
fruit, predominantly ventilation heat 
recovery 


• Defined a “good” envelope in the context 
of constraints, must focus on details 


• Paybacks well within life of building 
systems 
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