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ABSTRACT 

DHW (Domestic hot water) energy consumption is a 

critical component in multi-family residential building 

energy modeling.  

While proper modeling of DHW is essential to creating 

accurate whole building energy models of multi-family 

residential buildings, DHW load and energy 

consumption are extremely difficult to predict, since 

they are highly influenced by end-user behavior. The 

existing various calculation methods, including 

ASHRAE Handbooks, ASHRAE 90.1 User’s Guides, 

ASPE design Handbooks, local energy codes and 

LEED guidelines, have been found to result in 

drastically different DHW load numbers and DHW load 

profiles, which result in large discrepancies in the 

analysis of DHW energy consumption. The 

discrepancies beg the question of which method is most 

reliable or most accurately represents actual usage in 

real buildings. 

In order to gain a better understanding of DHW load 

and energy calculation in energy simulation, in this 

study, different standard DHW load calculation 

methods are performed and compared to actual muti-

family residential building meter data with respect to 

DHW peak demand, load profile, and energy 

consumption. The factors which impact the energy 

consumption calculation results are discussed. 

Recommendations on appropriate calculation methods 

for DHW energy modeling are made. In addition, the 

impact of energy conservation measures, such as low 

flow fixtures and condensing DHW boilers are 

examined. 

INTRODUCTION 

The contribution of DHW to energy usage in muti-

family residential buildings is well documented. For 

example, CMHC (Canada Mortgage and Housing 

Coprporation) (CMHC 2005) reported that DHW 

energy contributes to more than 24% of total energy 

consumption and 33% of the total gas consumption in 

muti-family residential buildings, as shown in Figure 1. 

Figure 1 Annual Energy End-Use Distribution (Gas 

Heated Buildings), adopted from CMHC 2005  

It is always a difficult task to predict the DHW load due 

to its high dependence on end-user behavior. Over the 

last decade, there have been numerious methods used to 

estimate muti-family DHW loads based on different 

studies. Some of these methods have been described in 

handbooks, design manuals, and codes, and are widely 

accepted and used in design and energy modeling 

practice.  

Large discrepancies in DHW peak demand and daily 

profiles, however, have been noticed as a result of using 

different methods. As a consequence, the equipment 

sizing and energy consumption calculated based on 

these studies are very different from one to another.  

Furthermore, the validity of these studies is 

questionable due to the widespread adoption of low 

flow fixtures, changes in user behaviors, and 

improvements in DHW design practice within the 

industry. 

As such, the authors feel that it is a good time to 

evaluate these different methods and determine which 

method is most accurate and reliable to be used in the 
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design and energy modeling of multi-family residential 

buildings.  

In this paper, the discrepancies in DHW peak demand 

and hourly profiles as per different handbooks, 

manuals, and guidelines are reviewed. The impact of 

these discrepensies on DHW energy consumption is 

studied. These peak demand methods and daily profiles 

are compared with meter data collected from muti-

family residential buildings. Recomendations are made 

as to which DHW demand estimation method and 

which set of DHW profiles should be used in energy 

simulations.  

REVIEW OF DIFFERENT METHODS 

DHW Demand  

There are several standard methods of calculating 

DHW peak demand in muti-family residential 

buildings. 

ASHRAE 90.1 and MNECB 1997 

DHW demand in the MNECB (Model National Energy 

Code of Canada for Buildings) (MNECB 1997) is given 

as 1700Btu/hr/person with a reference given to 

ASHRAE 90.1-1989 as the source data.. A review of 

ASHRAE 90.1-1989 (Energy Cost Budget) confirms 

this value. However, beginning with ASHRAE 90.1-

2004, this value has been removed from the ASHRAE 

90.1 energy standard. The ASHRAE 90.1-2004 user’s 

manual provides DHW values for various building 

types, including hotel/motel, office, retail and others; 

however, no value is provided for multi-family 

residential buildings.  

While the MNECB 1997 and ASHRAE 90.1-1989 

include the same peak energy demand values for DHW, 

they differ on the flow rates provided for individual 

fixtures. The flow rate of shower heads and lavatories 

applied in ASHRAE 90.1-1989 are 3gpm and 2.5gpm 

(with self-closing valve), respectively. The flow rates of 

shower heads, lavatories, and kitchen sinks listed in 

MNECB 1997 are 2.5gpm, 2.2gpm, and 2.2 gpm, 

respectively.  

ASPE Method 1 

One of the methods suggested by ASPE – Plumbing 

Enigneering Design Handbook (ASPE 2010) uses the 

flow rate per fixture (as shown in Table 1) and number 

of fixtures to calcuate the uncorrected DHW flow rate. 

A demand factor (0.3), representing a ratio of the 

sametime usage of DHW, is then applied to this 

uncorrected flow rate to determine the DHW demand. 

This method is adopted in the ASHRAE Handbook 

(ASHRAE 2015) as well. It is mentioned in the 

ASHRAE Handbook that “caution is advised when 

using this table, because its data is very old”.  
 

Table 1 Hot Water Demand per Fixtures (adapted from 

Table 6-1 ASPE 2010) 
 

FIXTURE DEMAND 

Basin, Private Lavatory  2 

Basin, Public Lavatory 4 

Bathtub 20 

Dishwasher 15 

Kitchen Sink 10 

Shower 30 

Service Sink 20 

Unit: Gallon/ hour/fixture  
 

Table 2 Occupant Demographic Classifications 

(Adapted from ASPE 2003) 
 

OCCUPANTS CLASSIFI

CATION 

High Population Density Low 

Middle Income 

Seniors 

One Person Works, One Stays at Home 

All Occupants Work 

Couples  

Families Medium 

Public Assistance 

Singles 

Single-Parent Households 

No Occupants Work High 

Public Assistance and Low Income (mix) 

Family and Single-Parent Households 

(mix) 

High Number of Children 

Low Income 
 

Table 3 Hot Water Demand and Guidelines (adapted 

from ASPE 2003) 
 

CLASSIFI

CATIONS 

MAX 

HOURLY 

MAX 

DAILY 

AVE. 

DAILY 

Low 2.8 20.0 14.0 

Medium 4.8 49.0 30.0 

High 8.5 90.0 54.0 

Unit: Gallon/ Person 
 

ASPE Method 2 

Goldner (1994a, 1994b) and other studies (ASPE 2003 

and 2010) introduced a concept of “use guidelines” in 

muti-family residential buildings, which has also been 

cited in the ASHRAE HVAC Applications Handbook 

(ASHRAE 2015). The DHW usage is categorized into 

three groups (Low, Medium, and High), based on 

occupant demographic classifications, as listed in Table 

2. The DHW demand within these classifications is 

presented in Table 3. 
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WS – ASHRAE (Werden and Spielvogel) Method 

Another method provided by the ASHRAE HVAC 

Applications Handbook (ASHRAE 2015) is based on a 

study conducted by Werden and Spielvogel (1969a, 

1969b). The study collected data from 129 buildings 

and calculated DHW demand based on the number of 

suites. The maximum and average usage of hot water 

from this study are listed in Table 4. The same table is 

listed in the ASHRAE 90.1-2013 User’s Manual 

(ASHRAE 2013) Chapter 7. 

Table 4 Hot Water Demand and Use (adapted from 

Table 6 ASHRAE HVAC Applications Handbook 2015 

Chapter 50) 

NO. OF 

SUITES 

MAX 

HOURLY 

MAX 

DAILY 

AVE. 

DAILY 

20 or Less 12.0 80.0 42.0 

50 10.0 73.0 40.0 

75 8.5 66.0 38.0 

100 7.0 60.0 37.0 

200 or More 5.0 50.0 35.0 

Unit: Gal/suite 

LEED Method 

As part of the sustainable design process, the LEED 

Canada 2009 (Leadership in Energy & Environmental 

Dsign) reference guide (CaGBC 2009) has established a 

baseline fixture flow rate of 2.2gpm for lavatory faucets 

and kitchen sinks, and 2.5gpm for showerheads. The 

daily ratio of domestic cold water to domestic hot water 

is then estimated based on duration of usage, uses per 

day, and the number of residents. The duration and uses 

per day are shown in Table 5. 

The maximum hourly DHW load is cacluated based on 

two assumptions: a) domestic water is made up of 70% 

DHW (140ºF) and 30% cold water (50ºF); b) 10 full 

load hours is estimated within a 24 hour period. 

Table 5 Fixture Flow Rate and Usage (adapted from 

CaGBC 2009) 

CASES FLOW 

RATE 

(GPM) 

DURATION 

(SECOND) 

USES 

/DAY 

Lav. 2.2 60 5 

Shower 2.5 480 1 

K-Sink 2.2 60 4 

These different methods of estimating DHW peak 

demand will be compared in the discussion section 

later. 

Daily Profiles 

The commonly accepted daily DHW profiles in energy 

modeling are based on ASHRAE 90.1-1989 (ASHRAE 

1989), MNECB (MNECB 1997), and ASPE (ASPE 

2003), as presented in Figures 2 and 3. The eQUEST 

typical muti-family DHW daily profile is the same as 

MNECB 1997. For this reason, it is not shown in the 

figure.  

Figure 2 DHW Weekday Profiles 

Figure 3 DHW Weekend Profiles 

As shown in these figures, the MNECB 1997 profiles 

are very similar to the ASHRAE profiles during 

daytime hours. However, the MNECB 1997 profiles 

have a minimum DHW load during night time hours, 

while the ASHRAE profiles go to zero. 

The ASPE profiles give only one profile for weekends. 

However, MNECB 1997 and ASHRAE provide 

different profiles for Saturday and Sunday.  

It can also be observed that the weekday profiles all 

follow a similar pattern, while the weekend profiles are 

quite different. In the weekday profiles, the peak 

number and the hours when the afternoon peak happens 

are very different. All of the weekend profiles show two 

peak periods, but the MNECB 1997 and ASHRAE 

profiles show a more distinct second peak period, and 
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the ASPE profile shows significantly higher demand in 

the first peak period. 

CASE STUDIES AND METHODOLOGY 

Methodology and Test Scenarios 

The methodology employed in this study involves 

running various combinations of the peak demand 

values and the profiles presented above in an energy 

model of a multi-family building in order to assess the 

impact on DHW energy consumption and overall 

building energy consumption. The scenarios evaluated 

have three distinct variables, as shown in Table 6. In the 

first step, the impact of six sets of demand values are 

tested in energy simulations using the same ASPE 

profile. In addtion, a best matched method is 

determined by comparing the demand to meter data. In 

the second step, the impact of three diffferent hourly 

profiles are assessed using the best matched DHW 

demand calcualted from the first step. A best matched 

DHW daily profile is picked in this step. The impact of 

condensing boilers and low-flow fixtures is evaluated in 

the third step. The best matched demand and profiles 

taken from the previous steps are used in the 

simulations.  

Table 6 Test Scenarios 

CASE 

NO 

DEMAND PROFILES OTHER 

1-1 ASHRAE 90.1 ASPE 

1-2 MNECB 1997 

1-3 ASPE Method 1 

1-4 ASPE Method 2 

1-5 WS – ASHRAE 

1-6 LEED 

2-1 Best Matched ASPE 

2-2 ASHRAE 

2-3 MNECB 

1997 

3-1 Best Matched Best-

Matched 

Condensing 

Boilers 

3-2 Best Matched Best 

Matched 

Low-Flow 

Fixtures 

The DHW load and energy consumption resulting from 

these simulations are converted to gph per person and 

MBTU/person to arrive at normalized values for 

assessment. The ASPE method 2 demand uses an 

average value (3.8 gph/person) from the Medium and 

Low categories.  

The DHW demand, profiles, and energy consumption 

are then compared to meter data. The accuracy of these 

methods or profiles is evalulated.  

Project Used in Analysis 

The design data for a typical muti-family project has 

been collected and used in this study. The project is a 

15 story multi-family building located in Toronto, 

Ontario. The occupants in this building are mostly 

singles, couples, couples with few children, or seniors, 

which fall into the medium to low demand occupant 

classification in Table 3. The basic information of the 

building is presented in Table 7. The building 

occupancy has been estimated based on one person per 

bachelor suite, two people per one-bedroom suite, three 

people per two-bedroom suite, and four people per 

three-bedroom suite, respectively. 

Table 7 Basic Project Information 

NO. OCC. NO. SUITES FIXTURES 

765 315 490 Lavs. 

315 Kitchen Sinks 

490 Showers 

Meter Data 

Meter data has been collected from three multi-family 

buildings in Toronto. For one of these buildings 

(Building A), hourly DHW flow data has been collected 

(total flow rate minus re-circulating flow rate). For the 

other two buildings (Buildings B and C), annual DHW 

gas consumption has been collected. Table 8 indicates 

the number of suites for each building. 

Table 8 Metered Buildings 

BUILDING NO. SUITES 

Building A 302 

Building B 328 

Building C 446 

Simulation Tool and Assumptions 

The simulation tool used for this study is eQUEST 

3.65. The following assumptions have been made in 

these energy simualtions:  

- Incoming water temperature is constant all 

year round and set to 50ºF 

- DHW loop temperature difference is set to 

90ºF 

- One DHW heating boiler is defined in the 

model and autosized with sizing factor of 1.2  

- DHW boiler is a forced draft boiler with 

efficiency of 87% at full load 

- eQUEST default boiler partload curve is 

applied  
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RESULTS AND DISCUSSION 

Comparison of Demand Estimation Methods 

The maximum hourly DWH loads (gph/person) are 

estimated in the project analyzed based on the six 

methods, as shown in Figure 4.  

Meter data from Building A is presented in this figure 

as well. They have been proportionally converted to a 

nominal DHW demand, based on flow rates of fixtures 

used in MNECB 1997.  

ASPE method 1 presents a significantly higher demand 

than the other methods. The reason for the high value is 

likely due to the age of these studies. The flow rates of 

the fixtures used in this method are relatively high 

compared to more recent applications. Therefore this 

method is not recommended to be used in sizing and 

energy modeling any more.  

ASPE method 2 gives the second highest demand. The 

demand is more reasonable if the low occupant 

demographic demand is selected (2.8 gph/person).  

The demand numbers from the MNECB 1997 

(ASHRAE 90.1) and LEED methods are close to each 

other and more accurate compared to the meter data. 

LEED DHW demand is selected to be used as “the best 

matched” load in the second and third steps of this 

study. 

The WS - ASHRAE method yields the lowest value. 

Figure 4 Maximum Hourly DHW Demand 

It should be noted that low flow fixtures have not been 

considered in this analysis. The DHW load prediction 

has to be modified based on the flow fixtures actually 

installed in each muti-family residential building in the 

plumbing design and energy modeling process on real 

projects. 

Importance of DHW Energy 

Case 1-6 (LEED load + ASPE profile) is selected to 

demonstrate the DHW energy and other end-use energy 

in the tested project. As shown in Figures 5 and 6, 

DHW comprises 28% of the total energy consumption 

and 39% of the total gas energy consumption. This 

proves the importance of DHW energy in building 

energy modeling and is in line with the statement made 

in CMHC (2005).  

Figure 5 Energy Pie in Case 1-6 (LEED + ASPE 

Profile) 

Figure 6 Energy Pie in Case 1-6 (LEED + ASPE 

Profile) 

Impact of DHW Demand on Energy Consumption 

DHW energy consumption is compared using different 

DHW load scenarios (Case 1-1 to Case 1-6) in Figure 7. 

It is logical to conclude that energy consumption is 

proportional to the DHW peak demand, if the same 

hourly profile is applied in the simulation under the 

assumptions listed.  

As shown in this figure, the impact of different demand 

methods is very significant. The ASPE1 demand (Case 

1-3) consumes twice as much energy as the next highest 

case. The energy consumption using ASHRAE 90.1, 

MNECB 1997, and LEED methods (Case 1-1, Case 1-

2, and 1-6) are very close to each other, which is the 

result of the similar peak demands calculated in the 

previous section. The energy numbers for these three 

cases appear to be more accurate by comparison to the 

meter data collected from Buildings B and C. The 

DHW energy in the WS – ASHRAE (Case 1-5) 

scenario is somewhat lower than the meter data. 
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Figure 7 DHW Energy Consumption Using Different 

DHW Load Methods  

DHW energy is presented as a percentage of the total 

building energy consumption in Table 9. The 

simulation case using ASPE1 method (Case 1-3), 

results in a significantly higher percentage of total 

building energy than the other methods (52%), which 

does not seem reasonable based on professional 

experience. This high percentage number proves again 

that the ASPE1 method is not reliable to predict DHW 

energy in multi-family residential buildings. The 

percentage numbers for ASHRAE 90.1, MNECB 1997, 

and LEED methods (Case 1-1, Case 1-2, and Case 1-6) 

are between 24% and 28%, which are within the 

expected range. Case 1-4, using ASPE2 method, gives 

relatively high (35%) DHW consumption. Case 1-5 

using the WS - ASHRAE method shows 22%, which is 

the lowest percentage among these cases. 

Table 9 DHW Energy Consumption as a Percentage of 

Total Building Energy Using Different Demand 

Methods 

CASE DEMAND PERCENTAGE 

1-1 ASHRAE 90.1 24% 

1-2 MNECB 1997 24% 

1-3 ASPE Method 1 52% 

1-4 ASPE Method 2 35% 

1-5 WS – ASHRAE 22% 

1-6 LEED 28% 

Impact of Profiles on Energy Consumption 

The profiles collected from meter data are used to 

evaluate the three sets of profiles reviewed. 

As presented in Figures 8 and 9, the ASPE profile is the 

best matched profile among the three sets of profiles. 

The meter data and ASPE profile show a higher level of 

DHW usage during weekends compared to weekdays. 

The first peak is much higher than the second peak in 

the weekend profiles. The ASHRAE and MNECB 1997 

profiles follow completely different patterns on 

weekends.   

The MNECB 1997 and ASHRAE profiles are lower 

than the meter data curves for most hours. This lower 

level means the daily average DHW load is under-

estimated using these two set of profiles.  

Another observation from these figures is that the 

discrepancy among these profiles is more significant on 

weekends. The usage of DHW in ASHRAE and 

MNECB 1997 profiles are much lower on weekends.  

Figure 8 DHW Weekday Profiles Compared to Meter 

Data 

Figure 9 DHW Weekend Profiles Compared to Meter 

Data 

The impact of these three sets of profiles on energy 

consumption is studied in Cases 2-1 to 2-3.  

The ASPE profile (Case 2-1) shows the highest energy 

consumption. The energy consumption in Case 2-2 

using the ASHRAE profile presents the lowest energy 

consumption. The case using the MNECB 1997 profile 

sits in the middle.  

The energy consumption using ASPE profiles is closest 

to the meter data from Buildings B and C, therefore this 

set of profiles is considered as more accurate for energy 

consumption simulation purposes.  

The DHW energy consumption is underestimated due 

to the lower level of the profiles in the Case 2-2 
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(ASHRAE profiles) and Case 2-3 (MNECB 1997 

profiles).  

While still important, the impact of DHW profiles is 

less significant than DHW demand. DHW energy as a 

percentage of total building energy consumption is 

found to vary from 16% to 28%, as shown in Table 10. 

This range is far smaller than the range shown in the 

DHW demand analysis (22% to 52%).  

There is no simple linear relationship between the 

cumulative weekly hot water usage and DHW energy 

consumption. The non-linear relationship is caused by 

different seasonal efficiencies of the DHW heating 

boiler in the three cases, which result from the part-load 

curve dependency on different profiles. Apparently, the 

case using ASPE (Case 2-1) shows the highest seasonal 

efficiency.  

Figure 10 DHW Energy Consumption Using Different 

DHW Profiles 

Table 10 Percentages of DHW Energy Consumption in 

Total Building Energy Using Different DHW Profiles 

CASE PROFILE ACCUMULATIV

E USAGE 

PCT. 

2-1 ASPE 247 28% 

2-2 ASHRAE 128 16% 

2-3 MNECB 

1997 

146 19% 

Unit: gallon per person per week 

Other Factors 

There are many other factors influencing DHW energy 

consumption in muti-family residential buildings. The 

most significant factors are: application of condensing 

DHW heating boilers, installation of low flow fixtures, 

incoming domestic water temperature, location of 

projects, and equipment sizing. 

Condensing Boilers 

It is now a very common practice to use condensing 

boilers for DHW heating. The low incoming water 

temperature allows the boiler to operate in condensing 

mode, significantly improves the energy efficiency. 

For example, if the forced draft boiler is replaced by a 

condensing boiler (Case 3-1) with efficiency of 95% at 

full load, the DHW energy consumption drops around 

12%, and the percentage of the DHW energy reduces 

from 28% to 26% in the building total energy 

consumption.  

Low Flow Fixtures 

Conventional plumbing fixtures (high flow rate) have 

been used in all previous studies. The flow rate of 

shower heads, lavatories, and kitchen sinks are 2.5gpm, 

2.2gpm, and 2.2gpm, respectively, or higher. However, 

low flow fixtures are more and more common on 

current projects, driven by the more stringent water 

efficiency and energy efficiency requirements under 

many Building Codes and City By-Laws. For example, 

in the design of the project studied in this paper, the 

flow rates of shower heads, lavatories, and kitchen 

sinks are 1.77gpm, 1.5gpm, and 1.5gpm, respectively.  

The DHW demand is reduced by 31%, when these low 

fixtures are applied in the design. The DHW demand is 

reduced to 1.93 gph/person if the LEED method is used 

in Case 3-2. The DHW energy consumption drops 31% 

as the results.  

It is difficult to find DHW consumption studies taking 

low-flow flow fixtures into account. Or at least, these 

studies are not widely recognized, if these studies are 

available.  

Incoming Domestic Water Temperature and Project 

Location 

The incoming domestic water temperature varies 

throughout the year and is highly influenced by soil 

temperature.  It is very difficult to properly account for 

seasonal fluxuations in incoming water temperature in 

commonly used energy modeling software. This 

difficulty decreases the accuracy of DHW energy 

consumption prediction. 

Project location also has an impact on DHW energy 

consumption. All the case studies in this paper assumed 

50ºF incoming domestic water temperature, which is an 

average temperature in the Greater Toronto Area. The 

incoming domestic water temperature will be much 

higher when the project is located further south. There 

is very little requirement for heating of the water for 

kitchen sinks and lavatories in projects located in 

ASHRAE climate zone 1. In this extreme case, the 

DHW energy consumption is much less significant 

compared to buildings in cold climates.   

The impact of these two factors is not included in this 

paper, which should be discussed in a future study. 
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Equipment Sizing 

Another factor that has not been included in this 

discussion is equipment sizing. It is not a rare case for 

designers to oversize the DHW heating boilers, which 

results in decreased energy performance at lower level 

of the partload curve for the majority of the operating 

period. To avoid such inefficiency, design engineers 

and energy modelers should work together on 

predicting the DHW load more accurately during the 

design stage.  

CONCLUSION 

It has been proven from the simulation results and 

meter data that DHW energy consumption is a very 

important component in muti-family residential 

building energy modeling. 

Huge discrepancies occur in the DHW demand and 

daily profiles provided by the various standards. As a 

result, they have a significant impact on DHW energy 

consumption.  

ASHRAE 90.1-1989 (ASHRAE 1989), MNECB 

(MNECB 1997) and LEED (CaGBC 2009) methods 

provide relatively accurate DHW demand estimation 

when low flow fixture is not taken into account. ASPE 

2 method can be trusted if the right occupant category is 

picked from its guidelines. 

ASPE DHW profile (ASPE 2003) is the best matched 

DHW profile in three sets of profiles, therefore it is 

recommended to be used for future energy simulation.  

The impact of condensing boilers and low flow fixtures 

on DHW energy consumption is also important. It is 

quite necessary to include low flow fixtures in current 

design handbooks, manuals, and codes.  

It is very urgent to update commonly accepted 

handbooks, design manuals, and codes with more 

current DHW studies. These current DHW studies 

should reflect more recent meter data, allowing users to 

predict the DHW usage more accurately in energy 

modeling and equipment sizing.  
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