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Abstract

Due to climate change and increasing
pressures on resources, the demand for
more energy-efficient buildings is increas-
ing globally.

Building information modeling (BIM) and
building energy modeling (BEM) are two

essential tools to make the necessary tran-

sition to net-zero energy buildings (NZEB).

This article presents two case studies aim-
ing to automate information from the BIM
model to predict annual heating energy
use at the early design phase (EDP) using
static energy calculations.

Theory

Static energy models are typically used to
estimate buiding energy use under the as-
sumption that the intemal and extemal envi-
ronments are in a steady state

Aknown advantage of the stafic energy mod-
elis its simplicity. However. the precision

is normally limited (£26% error) because
solar energy and the changes in environ-
mental variables (extemal weather, intemal
heat loads, and thermal capacity of the build-
ing structure) over time are not considered.

In general, the dynamic energy model is pre-
ferred since detailed energy flows can be cal-
culated more accurately than with the static
energy model.

Static
energy
models

Simplicity

Additionally a comparison was presented
between results obtained with the static
and dynamic energy calculations with the
building energy simulation (BES) package
IDA-ICE.

The goal of the static calculations is to
allow working directly in the BIM mod-
el in real time to obtain annual energy
use based on building surfaces, heated
floor area, heated volume, and other inputs
related to the heating degree-day (HDD)
method.

£2558

Precision of static energy calculations due to
the fact that envionmental variables are not
included.

2

Dynamic
energy
models

Accuracy

Method

Geometries

This section presents the two case studies used to validate the methodology.

Figure 1. Revit screenshot of Eskilshem (top) and its isolated block for the energy
analysis.

Figure 2. Revit screenshot of Huddinge city hall, the renovated part for the energy
analysis (top} and the addition, the new library (bottom).

Results

Eskilshem had to comply with a more am-
bitious energy-efficiency target through
the Swedish ‘Miljébyggnad Silver’ envi-
ronmental certification system, which lim-
its primary energy use to 80% of building
code level (thus 68 kWh/m?, year for total
primary energy use).

Note that the primary energy use target in
Miljsbyggnad includes the same end-us-
es as the national building energy code
i.e., heating, ventilation, cooling, DHWV,
and property electricity. Electricity use by

the user (plug loads, electric lighting) is
not included.

The Huddinge case also had to demon-
strate compliance with ‘Miljobyggnad
Guld’ system, which sets the limit at 42
kWh/m? (60% of building code level).

The results for heating and DHW annual
primary energy use obtained with both
static and dynamic calculations are pre-
sented in Figure 3,
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Figure 3. Results of the annual energy use
calculations.

from the Static A,Dynamic, and Static B

22,

Percentage difference between Dynamic
and Static B calculations for the annual
primary heating energy for Eskilshem.

28.

Percentage difference between Dynamic
and Static B calculations for the annual
primary heating energy for Huddinge.

Discussion and conclusions

=» The results indicate that the static energy
caleulations for the annual primary heating ener-
gy after integrating the intemal heatloads (Static
B} differ by +25% compared with the dynamic
energy calculations performed with the IDA-ICE
software, which is in line with earfier studies.

= Although this deviation is non-negligible, it
is acceptable at very early design stages, when
litle information about the project is avaiable.

=» The advantage of static energy calculations
is that they do not require any postprocessing
or conversion of the BIM fie to other formats,
which has been found to be time consuming in
real building projects. The static calculations can
be performed in real time within the BIM environ-
ment and thereby guide the architect iteratively in
the EDP.

=» The nextstep in this project will con-
sist of including several other case shudies
tomore precisely determine input data,
such as the heating set point.

- Thiswil be followed by the imple-
mentation of necessary programming fea-
tures in the BIM environment to automate
the energy prediction for real time informa-
tion to the architect.

=» This wil alsofaciltate the further ran-
sition to a dynamic model at a later phase
in the design since the modeler wil have
to assign themmal zones preparing for the
dynamic calculation.
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Effect / Cost / Effort

Ability to impact
cost and performance

Cost of design changes

Drafting-centric
workflow

Integrated design
process

Concept Preliminary Developed Technical Construction  As-built Operation
design Design Design Design



Competences

Design Phases

Integrated Design Process (IDP)

Level of Development (LOD)

Technology

BIM Tools (BIMT)

Early Design Phases (EDP)

Concept Design

Evaluate micro-climate
conditions

Interpret operational
energy use

Preliminary Design

Story building
geometry
Confirm optimal
energy use

Developed Design

Refine details

Analize embodied
energy

LOD 100

Conceptual

Elements are not geomet-
rically represented

LOD 200

Aproximate geometry

Elements are graphic
representations of place
holders

LOD 300

Precise geometry with
connections

Elements are graphic
representations of
specific systems

Automation

BIM

Assess steady-state
energy calculation

Interoperability

BIM2BEM

Assess dynamic
energy simulation

Datasets

BIM4LCA

Assess environmental
impact calculation

Engineering ¢ —————————————> Architecture




Integrated Design Process (IDP)

Competences Technology

Design Phases Level of Development (LOD) BIM Tools (BIMT)

Concept Design LOD 100 Automation

Evaluate micro-climate
conditions

Interpret operational Elements are not geomet- Assess steady-state
energy use rically represented energy calculation

BIM

Conceptual

Story building

geometry Aproximate geometry BIM2BEM

Confirm optimal Elements ar'e graphic Assess dynamic

energy use representations of place energy simulation
holders

— —0 —

Refine details Precise geometry with BIMA4LCA
connections

Analize embodied Elements are graphic Assess environmental

energy representations of impact calculation

Early Design Phases (EDP) specific systems

Engineering ¢ ——————————— 43— Architecture




First step

Eskilshem - Sweden
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Second step

Degree days and hours

(1) HDD = (Tref - Tout) - 365 °C, day
Annual heat losses by conduction
(2) Q cona= (U-A) - HDD - 24 Wh

Heat losses by mechanical ventilation + air leakage

(3) q vent_total — —pP- Cp (P vent (1 T]) + P - Cp ’ (Pileak W/°C
In absence of ventilation requirements in the building code

(4) ¢ yent=ach-V W/eC
Air leakage

(5) q_leak = P " Cp~ P Jeak W/°C

Annual heat losses by mechanical ventilation + air leakage
(6) Q _vent total — q vent_total * HDD - 24 Wh

Annual heating energy use
(7) Q_heating = Q_cond + Q_Vent_total Wh



65 kWh/m?, year heating
68 kWh/m?, year total

Manual vs. Simulations
58 kWh/ m?, year vs. 28 kWh/ m?, year

Internal heat loads
35 kWh/ m?, year vs 28 kWh/ m?, year
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EBC &8

Energy in Buldings and
Communities Programme

International Energy Agency (IEA)

Energy in Buildings and Communities Programme (EBC)

Open BIM for Energy Efficient Buildings
qu @Energimyndighefen

EBC is a programme of the International Energy Agency (IEA)
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To summarize

 improved process for energy calculations

primarily due to the challenges posed by interoperability between BIM

pe ok

 tool development
development of tools can facilitate t anel BEM
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