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ABSTRACT
Increasingly communities ranging in size from campuses
to counties are trying to find effective ways to reduce
their energy consumption and greenhouse gas emissions.
The challenges these communities face include:
determining the current distribution of energy use within
the community, estimating the future energy use of the
community, being able to estimate the reduction in
energy by applying efficiency measures to the building
stock, the impact of supply changes such as district
heating implementation, as well as uniting the
community to a common goal. These challenges can all
be addressed using generalized energy modelling
techniques.
This paper will outline the process a community can
follow in order to create a master plan for achieving
significant energy reduction in their communities over a
30 to 40 year period. The paper will detail how
generalized energy modelling can be utilized effectively
to create a baseline energy map of the community. This
baseline will break the urban area into 50 – 100
generalized models that accurately represent the
communities building stock in age and building type.
This baseline map can then be calibrated with utility data
for the area. Efficiency measures can then be applied to
these buildings to predict the performance of these
communities as a whole. Case studies will be used to
illustrate work done in this area and results achieved. Site
energy reduction isn’t the only challenge to achieve
significant greenhouse gas reductions and energy
savings, addressing the supply side of the buildings will
also be touched on, however this will not be the focus of
this paper.

INTRODUCTION
Although many countries do not have specific binding
targets to reduce their greenhouse gas emissions, it is
widely considered that reductions are required for
environmental, economic and security reasons within the

next few decades (Solomon, 2007). Buildings in the
USA account for around 39% of all energy consumption
and worldwide they are responsible for 33% of all CO 2
emissions (DoE, 2008). It is estimated that by 2035 75%
of all buildings in the US will be new or renovated (AIA
2030 Challenge, 2014). If this estimation is correct there
is a huge opportunity for considerable improvements to
be made to the existing building stock as well as new
buildings added. The AIA 2030 challenge set out fossil
fuel reduction targets for major renovations as well as
greenhouse gas (GHG) reduction targets for new
construction. On an individual level these targets and
ideas can seem overwhelming, difficult to achieve and
perhaps insignificant in the wider scheme of things.
However on a campus, city, or even county scale these
targets, if achieved can make a significant impact on the
energy used by buildings as well as their GHG
reductions.
Dotted around the world are communities who have
shown that taking a long term look at energy reduction,
setting targets early and continually striving to improve
energy efficiency at a building level as well as
throughout the supply chain can provide significant
savings. After the energy crisis in the 1970s Denmark
began implementing heat-planning which culminated in
the 1979 Heat Supply Act. This allowed cities to
designate areas for district heating. Now in Copenhagen
98% of the city is supplied by district heating which has
significantly increased their energy efficiency and
reduced their GHG emissions. In 2009 Copenhagen set a
target to be carbon neutral by 2025, currently its CO2
consumption is at 2.5 metric tons per capita, for all
energy uses including local and long-distance
transportation (CPH 2025 Climate Plan, 2012). By
contrast the US uses around 17.6 tons per capita (World
Bank, 2014). Many communities in North America are
now looking for paths of their own which create targets
to reduce their energy use significantly in the next few
decades.
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Currently there are many different ways to create energy
master plans and to use simulation and modelling to help
inform them. A software called Umi created by a team at
MIT allows the users to assess operation energy,
walkability of a neighborhood and daylighting at an
urban scale. Umi includes the effects of urban heat
islands as well as shading and position of each building.
Umi uses generalized modelling for operational energy
use using EnergyPlus models to calculate this. Umi looks
mostly at the exterior environment of the urban area and
all the interactions therein. Currently it does not include
the effect of the supply networks and efficiency
measures on the buildings, in these urban areas (Reinhart
et al. 2013). Lorwerth et al looked at domestic energy use
in Cardiff, Wales using the SAP tool based on GIS data
as a method to model large urban areas energy use.
Again the interactions between supply and demand were
not included to model the domestic urban area (Lorwerth
et al. 2013). Page et al looked at integrating the demand
of the buildings with the supply structure at a large scale
and the effects of reduction on both sides, this approach
is the most similar to that which is presented in this paper
(Page et al. 2013). Fuchs et al also looked at these
interactions between buildings and a district heating
network. In order to model the buildings simplified
models are used based on guideline VDI 6007 (Fuchs et
al. 2013). In general, simplified models are used to
reduce computing time and increase the ability to model
on a large scale. Juggling complexity, time and
computing ability is the key to producing accurate and
useful energy master plans. It is also important to assess
the interactions between the supply of and demand for
energy in order to make the urban area, as a whole, more
efficient.

INTEGRATED ENERGY MASTER PLANS
One of the reasons that Copenhagen was so successful in
its approach at cutting emissions and helping energy
efficiency to flourish in its city is because they took an
integrated approach to energy use. The process presented
below describes an approach created by the authors to
create integrated energy master plans (IEMP) which
inform policy for the city, campus, or county over a
period of approximately 20 years. This approach has
been developed over 20 years and has been applied to
numerous communities in North America. Figure 1 is a
flow chart showing the IEMP process as a whole.

Figure 1 IEMP flow chart process
In order for an energy master plan to be effective in its
development and implementation it is important to
ensure that there is buy in from the community as a
whole, this includes government, utilities, community
groups, building owners and facility managers. In the
first kick off meeting representatives of all these people
are present and goals for energy use in buildings, GHG
reductions, an internal rate of return and a timeline for
the plan are decided. These goals will guide the process
throughout its lifetime. In order to come up with these
goals it is important to understand how the city or
community works. For instance if the city has a large
industrial base it will require different goals from a city
which is mostly reliant on say banking, furthermore it is
important to find role models to look to. Holland MI
wanted to reduce their carbon emissions but were unsure
what target to set. It needed to be aggressive enough to
make a difference and change policy but not so
aggressive that it can never be reached and so ends up
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not being implemented. The city looked to European
cities which had similar climates and similar uses, then
considered the carbon emissions of the best of these. In
this case Manheim Germany was a good comparable
city, unlike Copenhagen which has achieved huge
carbon emission reductions over the years, Holland MI
and Manheim have large industrial parts to the city
which will require additional energy intensity. Figure 2
details the current CO2 emissions of Copenhagen (best
in class) and Manheim (good with intensive industrial
sector) against some of the cities with integrated energy
master plans underway in North America. The red lines
show the baseline CO2 emissions and the blue lines show
the targets from their master plans.

Figure 2 Carbon emission baseline and goals for North
American cities vs European best in class
An integrated energy master plan (IEMP) relies on data
to make decisions for the energy future of the
community. It begins by calculating the baseline energy
use of the community. This is done through generalized
modelling of the buildings energy uses as well as the
supply strategies in place in the city. Financial
calculations are made on this summary to estimate how
much this energy use is currently costing the community.
This data is then predicted out to the end of the plan in
order to establish a business as usual case incorporating
energy increases and costs out to the final date of the
plan.
Strategies and efficiency measures are then added to the
base case model to calculate their effectiveness in
aligning with the goals of the plan. These are then
presented as scenarios to the community and a selection
of strategies is chosen as the bases for their IEMP.

GENERALIZED MODELLING
Generalized modelling plays an important part in
creating a basis for analyzing the cities energy needs as
well as trialing efficiency measures to see if they can
meet the goals set up in the kick off meeting. Generalized

energy modelling in this context requires a limited
number of complex models. The community could
consist of hundreds of thousands of buildings. It would
be impossible and unnecessary to model each
individually, so these buildings are divided into similar
functional categories, such as office, hospital, single
family home. It is also important to divide these
categories further by building age. In most communities
there will have been development waves where the
community has grown, therefore it can be quite clear
what age category most buildings fall into. It is also
important at this point to consider the town’s historical
building codes. This helps to give more detail to the
generalized models and create age categories.
Once the categories have been decided generalized
models are built in EnergyPlus. These models are built
with the same precision as an individual building model
but instead of exact data given by drawings or
specifications, the inputs are calculated assuming the
building was built to code at the time, generalized
schedules are made using studies for that type of building
(ASHRAE 90.1, 2007). Reference buildings produced
by NREL are also used (DOE-US 2014). Each building
is adjusted to fit with the climate of the city and the
general assumptions made about the building. This
includes, for example, adjusting the envelop as necessary
to ensure code compliance and building style of the time,
and/or changing the HVAC systems to match more
closely with the common types in the community, i.e. air
source heat pump to gas fired reheat coil or to radiant
heat. All models are then run under the weather file
closest to the city and the data collated. The energy use
calculated by the energy model can be output divided by
use types within the building (lighting, cooling etc.).
This is useful for further matching to meters and adding
specific energy conservation measures to calculate
potential energy savings.
Communities on this scale are large and so encompass
many buildings. In this case generalized modelling
works well because it can be assumed that the worst
performing buildings in a category will be equalized by
the better performing buildings. For a high level IEMP
this analysis makes sense, as the plan progresses certain
general categories may need to be broken down into
more detail and further modelling will take place. For
instance if a community decides to incentivize single
family home renovation, generalized modelling could be
applied and the categories for single family housing
widened to fit more variants into the model.
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APPLYING GENERALISED MODELLING
TO AN IEMP

and 1960), 1980s (1980s – 2000) and Modern (anything
post 2000).

To create a baseline for a naval shipyard, all buildings on
site and the date they were built at the start of the plan
was known. This data was given to the modeler in the
form of GIS data, a fairly common data type for large
communities that can be very useful for IEMPs. The site
has one electrical meter and one gas meter. In order to
assign energy usage to each building, the shipyard
developed a matrix and used this to assume the energy
use for each building. In order to create a baseline a
walkthrough of the site was done over the course of two
days. Rather than collect specific data about each
building individually, the walk through identified
buildings with distinct energy consuming characteristics
such as data centers and mixed used buildings, such as
warehouses on lower floors and offices on upper floors.
The walk through also served as a useful way to observe
trends on site such as whether buildings are occupied,
what thermal conditions are preferred and how buildings
are used (e.g. windows are open when the cooling is on).
The walk through also noted general aspects of the
buildings such as envelope type, condition, general
HVAC type and usage, general occupancy and internal
plug loads. However, the walk through was not an
energy audit and specific data was not noted down. The
purpose was to categories the buildings as best as
possible and estimate envelope u-values, usages,
schedules, and space conditioning types as well as
identify buildings which did not fit in a generalized
category. On a larger scale, “walk throughs” will be done
via a drive through a community observing the age and
types of buildings as well as through interviews with
building mangers and members of the community to be
able to once again categorize building types and
generalize the systems, envelops and usages.

From interviewing the facilities management and from
the walk through, the occupancy, and operation
schedules for the buildings were established. As the
naval shipyard is a military site, the schedules differed
slightly from conventional schedules. Plug loads in the
office and residential buildings were assumed from
previous Construction Engineering Research Laboratory
(CERL) research of how these types of military sites
operate. The site had previously had a lighting survey
done and the generalized models utilized this
information. The site was in general steam fed from
decentralized gas boilers and cooling was required in
some buildings. From the walk through and discussions
with the facilities management HVAC systems were
established. This information in combination with code
requirements from the date of the building established
the HVAC systems in each building type. Finally, it was
discovered that four buildings did not fit into the
established generalized categories and so instead were
modelled using data collected on site. The final number
of generalized models was 19 and included the three
category types, the age of the buildings, any potential
changes in HVAC and the 4 individual buildings. The
site staff and Commander were involved in the process
from the kick off and initiated the process. Therefore, all
available and relevant site information and CERL
research was given to the team.

From the walkthrough it was clear that the 200 buildings
fell into three categories: warehouse, office, and
residential. Warehouses had one of two functions, either
straight forward storage or industrial applications where
ships would be maintenance. The industrial energy use
was separately calculated but the building itself could be
modelled as a single category. This was because the
industrial processes were conducted in separate spaces
which were not heated or cooled and had no influence on
the buildings HVAC systems. Ventilation was calculated
separately. The site included some historic buildings and
buildings built after World War II, during a
1970sbuilding boom, during the 1980s and some modern
buildings. Each of the three original categories were
broken down further into these four eras: Historical
(anything pre 1900), post war (anything between 1930

Tables 1 and 2 show the generic building categories and
the constructions, infiltration rates, energy codes and
HVAC that has been associated with them
Table 1 Construction type and energy code associated
with generalized buildings
Building Type
Pre 1900 Warehouse
Mid Century
warehouse

General
R-Value
Construction
(IP)
Brick with
Wall: R-0
single pane
Roof: R-0
glazing
Wall: R-5
Steel/CMU
Roof: R-16

Glazing
(IP)

Infiltration
ACH

U=3.5
SGHC=0.41

1.5

U=3.5
SGHC=0.41

1

Post 1980
Warehouse

Steel/CMU

Wall: R-13 U=3.5
Roof: R-21 SGHC=0.41

1

Recreaction

Steel/CMU

Roof R-12 U=3.2
Wall R-13 SHGC=0.41

0.8

Pre 1900 Residential

Brick with
Roof R-0
single pane
Wall R-0
glazing

Post 1980 Mid
Rise Apt

Steel/CMU

Energy
Code

90.1 - 1980

U=6.8
2 CFM/ft²
SHGC=0.54 @75Pa

Roof R-15 U=3.35
Wall R-11 SHGC=0.41

0.75
CFM/ft²
@75Pa

90.1 - 1980

Roof R-20 U=2
0.4 CFM/ft²
90.1 - 2004
Wall R-13 SHGC=0.41 @75Pa
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Brick with

Wall: R-0 U=3.5
Pre 1900 - Office single pane
Roof: R-0 SGHC=0.41
glazing

1

Post 1980
Warehouse

Steel/CMU

Wall: R-13 U=3.5
Roof: R-21 SGHC=0.41

1

Recreaction

Steel/CMU

Roof R-12 U=3.2
Wall R-13 SHGC=0.41

0.8

Pre 1900 Residential

Brick with
Roof R-0
single pane
Wall R-0
glazing

Post 1980 Mid
Rise Apt

Steel/CMU

Roof R-15 U=3.35
Wall R-11 SHGC=0.41

Mid Rise Apt

Steel/CMU

Roof R-20 U=2
0.4 CFM/ft²
90.1 - 2004
Wall R-13 SHGC=0.41 @75Pa

Brick with
Pre 1900 - Office single pane
glazing
Mid Century
Steel/CMU
Office

90.1 - 1980

U=6.8
2 CFM/ft²
SHGC=0.54 @75Pa
0.75
CFM/ft²
@75Pa

Wall: R-0 U=3.5
Roof: R-0 SGHC=0.41

90.1 - 1980

1

Roof R-10 U=4.8
2 CFM/ft²
Wall R-7 SHGC=0.41 @75Pa

Post 1980 Office Steel/CMU

Roof R-15 U=3.35
1.3 CFM/ft²
90.1 - 1980
Wall R-11 SHGC=0.41 @75Pa

Modern Office

Roof R-20 U=2
1.5 CFM/ft²
90.1 - 2004
Wall R-13 SHGC=0.41 @75Pa

Steel/CMU

Table 2 HVAC specifications for the generalized
buildings
Building Type

HVAC Systems

Cooling /
Heating
Thermostats
21°C / 24°C
On the
20°C
network
warehouse
On the
none / 15°C
network

Efficiency Efficiency
cooling heating

Mid Century
warehouse

Central Steam
Heating warehouse,
Office AC
Central Steam
Heating

Post 1980
Warehouse

Central Steam
Heating

none

On the
none / 15°C
network

Recreaction

AHU w/cooling

COP 5.6

On the
20°C / 24°C
network

Pre 1900 Residential

PTAC

COP 3

On the
20°C / 24°C
network

COP 3

On the
20°C / 24°C
network

Pre 1900 Warehouse

Fresh Air AHU with
individual room
PTAC
Fresh Air AHU with
Mid Rise Apt
individual room
PTAC
Steam Heaters in
Pre 1900 - Office storage, VAV in the
offices
Mid Century
VAV with radiators
Office
Post 1980 Mid
Rise Apt

none
none

COP 3

COP 3
COP 5.6

Post 1980 Office VAV reheat

COP 5.6

Modern Office

COP 5.6

VAV reheat

80%

for each category and for the whole site as was the
electrical usage. This was then compared with the whole
site metered data. An analysis was done and the models
were slightly adjusted to account for some differences
between the metered data and the overall totals from the
energy models. The thermostats and infiltration were the
main adjustments. Much of the models’ inputs were left
even if they did not match the meters. As this is
generalized modelling, the model is being relied upon to
be the ideal operation and is never expected to match.
However, the comparison between the meters and the
models ensures the energy usage is split similarly
between the building types and is as close to actual usage
as possible.
Finally the models outputs as well as the metered data
are benchmarked against data such as CBECS in order to
ensure everything is within the right magnitude and to
highlight areas with high usage and potential areas for
savings. Figure 3 shows an example of this matching to
meters and benchmarking for the shipyard (the y-axis
data has been removed for reasons of confidentiality).
The red band represents the average energy use intensity
(EUI) for these three types of buildings from CBECS
data (220-330 kWh/m²) (EIA, 2014). The green band
represents the “state of the art” EUI for these types of
buildings and is the level of energy a German A rated
building (80-120 kWh/m²) (Energieauswies, 2009).

20°C / 24°C

On the
21° / 26°
network
On the
20°C / 24°C
network
80%

20°C / 24°C

On the
20°C / 24°C
network

These models were then run for a year and energy
indexes were taken for: heating, cooling, lighting,
equipment, pumps, fans and domestic hot water, these
indexes were then applied to the floor area of each
building, individually. If a building was thought to have
multiple uses, say an office over a warehouse, the floor
areas were split between the two and both indexes
applied in proportion. The gas/steam usage was summed

Figure 3 Modelled data against allocated data and
benchmarked
Figure 4 shows a second example of the match to
meters for the IEMP for Arlington County. This IEMP
had fewer generalized models due to the large scale of
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the project. As it progresses areas will be broken out
and more analysis will be conducted.
700
600

Modelled Data [kWh/m²]
Metered Data [kWh/m²]

500
400
300
200
100
0

Single
Single Multifamily
Family
Family
Home
Home
Home
Detatched Attached

Office

Retail

Hotel

Figure 4 Arlington County match to meters
The city of Guelph ON, Sheridan Campus ON, Arlington
County and Holland MI, all went through a similar
baseline calculation process. Table 3 details how many
generalized models were used to model each
community’s respective energy demand.
Table 3 Communities actual number of buildings vs
building models
Number of
Buildings

Community

Number of
Models

Naval Yard

200

12

City of Guelph

33,000

37

Sheridan Campus

37

37

Arlington County

200,000

17

Holland MI

15,000

25

Thermal mapping can also be used to visualize this data
and can help the team pin point areas of energy density.
Figure 5 shows an example of this thermal mapping for
the city of Guelph. Each parcel in the GIS data
represented a building, each parcel was given its allotted
baseline annual heating energy in MWh taken from the
generalized modelling and the results mapped. The
lighter yellow is lower heating energy the dark red is
high heating energy.

Figure 5 Thermal map of the baseline heating energy
for the city of Guelph
Once the baseline demand has been calculated this data
is passed to the supply integrator. The supply integrator
in this process is an expert in modelling efficient supply
networks for urban areas. It is key that the demand data
is correct in order to identify transmission loses and
model the network size correctly. This data is processed
into the supply calculations in order to create an effective
IEMP. The energy supply is also calculated to determine
areas for improvement. Knowing the needs at end use
helps to understand potential losses in the system as well
as areas where it can be improved. This totality of data is
analyzed at this juncture to look at areas of improvement
in the building stock and through the network. Often just
by modelling the baseline it is clear where there are
major inefficiencies in the buildings and in the supply
network. This analysis is used later when the team builds
scenarios to improve the energy use, greenhouse gas
emissions and provide the investor rate of return (IRR)
goal.

CREATING A BASE CASE
Now the team has a snap shot of the energy use in the
community for the baseline year. They now project the
energy use out to the end date of the plan assuming
business as usual. The demand energy use now takes into
account demolitions and future planned building works
that will occur over the period of the plan. This data is
often difficult to attain. In the case of the shipyard,
interviews were held with the planning department.
Being a government site, future plans and demolitions
are planned fairly far in advance, from there the planning
department makes assumptions as to how the site will
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On a large city or county scale often rates of renovation
are assumed at a specific percentage. As mentioned in
the introduction the AIA estimates that 75% of all
building stock in the USE will be renovated by 2030.
This is then applied as the rate of renovation of the
existing building stock. The improved energy will
replace the old energy use for these types of buildings at
the rate of renovation. The energy improvement
predicted for these future buildings or renovations will
be assumed to follow the latest codes for the first 5 – 10
years, then a percentage improvement year on year is
applied. Figure 6 shows the reduction in energy use
expected as buildings are renovated or newly built over
the course of a 30 year IEMP.

gas usage of a city and is broken into different building
function categories. All Buildings
900,000
800,000
700,000

Annual MWh

600,000
500,000
400,000
300,000

200,000
100,000

Residential

Commercial

Industrial

Institutional

2040

2038

2036

2034

2032

2030

2028

2026

2024

2022

2020

2018

2016

0

2014

grow. In the case of the city of Guelph this data again
was taken from the planning department. While the
future was less certain, there were some plans and
everything that was known was communicated and
assumptions were made by the planning department on
future development and changes of area usage. For most
cities, there are growth goals and restrictions on
development in certain areas which is known at the time
of the plan. All these considerations are fed into the
assumption of energy usage moving forward and to the
end of the plan. Future buildings are categorized using
current code and placed in one of the functional types
already decided in the baseline, a new age category is
assigned and it is assumed they will be built to the latest
code unless other information is available. This energy
is then added in the years when the planned work is to
take place. Likewise, the energy use of demolished
buildings is removed in the year when these buildings are
planned to be demolished.

Single Users

Figure 7 City energy use predicted over 35 years
broken down by building function.
As with the baseline, this data is passed to the supply
integrator and using this end use prediction a supply
scenario for the base case is calculated. From these two
pieces of information a cost estimate for the energy over
the lifetime of the plan is calculated.

ENERGY SAVINGS AND ECM BUNDLES
With the base case established and agreed by the
community team, scenarios can be developed to find a
path to achieving the original goals decided at the start
of the plan. Each of the generalized models is analyzed
for areas to improve their energy usage. Figure 8 shows
the breakdown in energy use of a single family detached
house in Holland MI. The energy is presented on a
monthly basis and each month shows the kWh used for
heating, cooling, lighting, equipment, service hot water
and HVAC pumps and fans.

350

300
250

9,000

Residential New Construction
Residential Major Renovation
Commercial New Construction
Commercial Major Renovation

200
150
100
50
0

Figure 6 Prediction of decrease of energy use for new
construction and renovation of buildings over the
period of the plan.

Heat Rejection
Space Heating
Pumps
Interior Lighting
Service Hot Water

8,000
7,000

Energy Consumption [kWh]

Annual Energy Demand {kWh/m²}

400

6,000
5,000
4,000
3,000
2,000
1,000
0
Jan

With all of these considerations taken into account the
demand energy use of the community over the course of
the plan is predicted. Figure 7 shows an example of the
predicted energy use over the course of 35 years for the

Space Cooling
Fans
Equipment
Exterior Lighting

Feb

Mar

Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

Figure 8 Single family detached house Holland MI
baseline energy breakdown by month
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In the case of Holland MI, two cases were presented, the
moderate case (with overall savings of around 40%) and
the passive case, (with overall savings of around 70%).
The measures that were suggested for the moderate case
for the single family detached homes (SFHd) pre 1980s
group are shown in table 4.
Table 4 Efficiency measures applied to the SFHd
generalized model
ID
Type

Baseline

Model Area

1,539 ft²

SFHd
SFHd-pre1980 (HC)
Moderate
Passive house

143 m²
R-Value
(hr-sf-F/Btu)
Window
(Btu/hr-ft2-F)

Wall: R-1.5
Roof: R-17
Slab: R-3
Single Pane
w/Storm
Window
U-0.48
SHGC 0.85

Wall: R-16
Roof: R-30
Slab: R-10
Double pane
w/AirGap
U-0.32
SHGC 0.4

Wall: R-40
Roof: R-60
Slab: R-20
Double pane
Argon filled
U-0.16
SHGC 0.4

HVAC Systems

Central Air System, Direct
Expansion, Gas Furnace

Central Fresh
Air System

Fresh Air

none

Infiltration
ACH
SHW fuel type

0.5

0.3

0.2

gas

gas

gas

Efficiency cooling DX COP 2.0

DX COP 3.4

DX COP 4.2

Efficiency heating Gas furnace
80% Eff
Lighting
3.88 W/m2

Gas Furnace
90% eff
0.78 W/m2
80% reduction

Gas Coil
93% eff
0.78 W/m2
80% reduction

Equipment

4.14 W/m2

4.14 W/m2

0.78 W/m2
23% reduction

Economizer

none

none

yes

Heat Exchanger

none

none

yes 80% eff

The results of the passive category changes made to the
baseline house are shown in Figure 9.

9,000
Heat Rejection
Space Heating
Pumps
Interior Lighting
Service Hot Water

8,000
7,000

Energy Consumption [kWh]

It was immediately clear that the heating energy used in
these single family detached house types was the largest
user. Therefore the efficiency measures focused on
lowering the heating energy use. Rather than giving
individual measures as options efficiency measures are
bundled to give final energy savings rather than
individual savings. The costs are also bundled.
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Figure 9 Holland MI, SFHd, energy breakdown by
month
This was one of the more extreme recommendations due
to the nature of the buildings and the possibilities
available. Generally the more moderate measures are
adopted. The costs were calculated for each change and
summed together as an overall cost for the changes to the
house.
Both the new efficiency data and the costs are passed on
to the integration team. The new energy efficiency data
for all the buildings is fed into three or four supply
scenarios. These will range depending on the site but can
include district heating, district cooling, photovoltaic
additions, combined heat and power plants and so on.
The new energy data will go into sizing and calculating
how this supply strategy will work. The costs are
bundled and an overall internal rate of return is
calculated for the project over its lifetime. Cost
escalation and possible carbon taxes are included in two
or three cost scenarios looking out to the end of the
project. All this data is presented in the final meeting and
scenarios which meet the initial goals of the plan are
decided upon to become the road map which the
community will follow going forward.

CONCLUSIONS
Integrated energy master plans can be a powerful tool to
help communities understand and manage their energy
usages. They provide a path which a community can
follow to achieve greenhouse gas emission reduction,
financial, and energy reduction goals. The plan is the
starting point for more detailed energy analysis as parts
are implemented and goals achieved. These plans are
data driven and tailored to the specific community.
Generalized modelling is a useful part of this plan and
can bring fast answers to large questions.
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Many of the communities these master plans have been
set up in have taken the steps to implement large parts of
these plans. Holland MI scrapped plans to build an extra
power station in their city and Guelph ON recently broke
ground in their downtown area to start putting in the first
modern district heating system in North America as well
as set up an innovative residential improvement scheme.
Most of these completed plans are still in their infancy
and so no real data is yet available to compare against
targets. However, the communities continue to work
towards the goals stated in their plans and use them as a
road map for policy and energy management. These
plans will hold communities accountable and help guide
decision making for years to come.
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