New simulation tools usable in the energy audit of HVAC systems
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1. INTRODUCTION

Early developments of simulation tools were mostignted towards supporting system design, i.e.
mainly the selection and sizing of HVAC componeriise usefulness of simulation tools in further
stages of the building life cycle appeared latenog others with the apparition of friendly
engineering equation solvers and of reliable sitimtamodels.

Energy simulation may help all along the buildiifg tycle, from early design until last audit and
retrofit actions. Building and HVAC simulation mdsgeshould therefore be continuously available,
but in different forms, according to what is exmectfrom the simulation and according to the
information actually available.

Today, the simulation bottleneck is no more the mat@r, but the understanding of the user.
Simulation models have therefore to be designedurh away to make easier this understanding.
Hopefully the equation solvers presently availafidein and Alvarado, 2002) open the way to the
development of fully transparent and fully adaptasimulation models, with all equations written as
in a text book. This means that a simulation pnygrais user guide and its reference guide can be
combined into only one file, fully readable andedity executable.

2. USE OF SSMULATION TOOLSFOR ENERGY AUDITING

Everybody agrees on the urgent necessity to suéxisting HVAC systems to a careful energy
audit, but nobody has yet a clear idea of howtdsk might achieved.

Audit is required, among others, to identify the sincefficient and cost-effective Energy
Conservation Opportunities (ECOs), consisting inrenefficient use or in (partial or global)
replacement of the existing components (André.eRaD6a).

Benchmarking is a very first challenge for the sémdiwho must be able to make a quick judgment
about the building considered at early audit s{ige so-called “preliminary inspection”).

The very first questions to answer are:

- Isthat building a “good” case (as said in medicine)?
- Is it worthwhile to submit it to a moidetailed analysis?
- What might be the outcome of this analysis in teofirtrofit?

Answering these questions requires some (even pesyisory) diagnosis, which has to be
established on the basis of the very scarce inflomaurrently available: technical data contaiired
as-built files actually available and very globacordings of energy consumptions (fuel and
electricity).

A series of new simulation tools are being devalppe the frame of the HARMONAC project
(2008), in order to help the unfortunate auditoestablishing his diagnosis.

BENCHMARK is the first tool proposed: it allows theuditor to make a preliminary energy
analysis on the basis of a very limited amountrdbrimation about the building considered. This
analysis consists in simulating the building seemaunique zone and described by a very limited
number of parameters. This building is supposeblet@quipped with a standard HVAC system and



the simulation is performed with reference hypo#iseabout climate control, occupancy and human
behaviour, including the use of lighting and of estlelectrical equipment. The comparison of such
“reference” simulation with actual energy consumptrecords is expected to provide, most of the
times, a salutary chock, stimulating further thirgi..

3. MODELING

For benchmarking, as for further audit actions,dineulation tool must handle with realism:

- building (static and dynamic) behaviour,

- weather and occupancy loads,

- comfort requirements and control strategies (aaligy air temperature and humidity),

- full air conditioning process and characteristitalbHVAC system components (terminal
units, air handling units, air and water distributi plants)

The level of detail required for the calculationH/fC demands can vary a lot from case to case:

- For heating calculations, the major issues are raecb description of the building
envelope and an accurate evaluation of air renewal.

- For cooling calculations, the fenestration area amwientation, the intensity and
distribution of internal gains, the ventilationegatand the geographical location appear as
critical issues.

At benchmarking stage mainly, the simulation tobksve also to be usable with the limited
information actually available. These tools must dssy-to-use, transparent, reliable, sufficiently
accurate and robust.

BENCHMARK includes models of both the building atie HVAC equipment. These models are
submitted to different loads and interact at e&ale step with a control module (Figure 1).
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Figure 1: Interactions among the different parthef model

The main phenomena involved in building dynamiocs eonsidered in order to compute realistic
heating and cooling demands. A compromise is mateden the number of influences taken into
account and the simplicity of the model: transiesat transfer through walls, energy storage insslab
internal generated gains, solar gains through wusdanfrared losses and, of course, ventilation and
heating/cooling devices, are actually taken intwoaat.

3.1 Inputs/ Outputs/ Parameters

The outputs, inputs and parameters must be selacteuding to the specific needs of the user.
In agreement with what is done in TRNSYS (Kleiragt 2004), the parameters are here defined as
selected inputs which are not supposed to varnduhe simulation.
The main outputs of the tool presented here are:
- Air quality and hygro-thermal comfort achievemen®0, contamination, temperature,
humidity, PPD and PMV
- Global power and energy consumptions : Fuel andtiidéy consumptions



- HVAC components specific demands
- Performances of the mechanical equipments: CORjezfties, ...

The main inputs are:
- Weather data : hourly values of temperature, hugidlobal and diffuse radiations

- Nominal occupancy loads, occupancy and installdtioetioning rates

- Comfort requirements: air renewal, temperaturetamdidity set points.

- Control strategies: feed-back on indoor temperasaume relative humidity, feed-forward
on occupancy schedules and calendars.

The main parameters are :

- Dimensions, orientation and general characteristicke building envelope (e.g. “heavy”,
“medium” or “light” thermal mass and walls U valges

- Sizing factors of the main HVYAC components

3.2 Building Modeling

The dynamic behavior of the building is taken imicount by a simplified model to limit the
quantity of required data and ensure robustnesstramgparency. It is based upon a RC network
including five thermal masses, corresponding targd occupancy zone, surrounded by external
glazed and opaque walls (Figure 2). This schemeegponds to a typical office building, mainly
composed of lattice structure and slabs. The R-@einwas the object of a comparative validation
works carried out using the BESTEST procedure.
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Figure 2nfpilified building simulation model

A sensible heat balance is established to calcthatendoor node temperature (equation 1).
The indoor energy storage is computed by the mebadirst order differential equation.

du . . . . . .
F_ = Qroof,surf,in + Qﬂoor ,surfin + Qopaque,frontages,surf,in + Qwindows + H s, vent + H s,inf + Qs,in (1)
T2
du 2
rl d Tin
AUin = Cin * (ta,in _ta,in,l) (3)

_ (4)
Cin - I:a,in >kvin * pa * Cp,a

Two supplemental mass balances are used to corttu€@0O2 concentration and the water content in
the indoor environment.



All possible CO2 and water flow rates entering Baving the zone are taken into account; these flow
rates can be produced by the occupants, the wioniland/or by the HVAC terminal units.

3.3 HVAC System Modeling

The building zone model presented here above caasity connected to a complete “typical” HVAC
system model, including, for example, a Constant&ilume (CAV) Air Handing Unit (AHU), some
local heating and/or cooling Terminal Units andeating and cooling plant (Figure 3).

The system model actually available includes mbsh® classical HYAC components currently used
(fans, air-to-air static recovery systems, co#s, €oils, pumps...).

Considering that the building model is a mono-zenedel, most of components (AHUs, TUs,
pumps...) are aggregated into “global” component® different locations of the terminal units and
of the air diffusers are not considered at thigesta

Two different modelling levels can be distinguishied the HVAC system (André et al., 2006b;
Lebrun et al., 2006a):
- So-called “mother” (“first principle”, or “mechartis”) models, containing all the (present)
understanding of the physical phenomena, are aseeferences;
- So-called “daughter” (“simplified” and very oftemlgnomial) model, generated with help of
the help of the previous ones, are preferred talsita large system on long time periods.

“Daughter” models only are used in Benchmark.
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Figure 3: The HVAC system considered in BENCHMARK
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