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Abstract

The paper examines the performance of high-rise buildings according to two green building /
sustainability rating tools. It reviews the potential these tools have for improving the performance
of high-rise buildings, both with regard to the design and the usage phases, with a particular
focus on the minimization of building materials (and thus also of the carbon footprint and the
investment). The paper starts with a presentation of Plot 15, the first LEED Platinum certified
high-rise in Russia. It then analyses the performance of the building according to LEED 2009

and subsequently compares this with the performance the building would have when analyzed
with LEED v4. Finally the paper takes a look at another international rating tool, viz. DGNB, and
examines the performance Plot 15 would have when studied with this particular system.

Keywords: Sustainability, Certification, Green Building, LEED, DGNB, Russia

WE

AXREANRCEF/THELETERRLNT B EERANEE. AR FEA
MEFR T XERRANRE S ZRAGRNER, LEMETEAMBEE KD B
RABAFHE) o AXAA-ZBPlot 15——HK F 4 & — ERFLEED & & RN & BEATT
%, ABRABLEED 2000447 T A Bt t, W K 512 Z FARIELEED va il iE L 47 8
HREHATT MR e, AXERRA—AMERTFHEER, BIDGNB, H4H T £ %

R G HIPlot 15 F B M RE .

REE: RS KR, N, & AER, LEED, DGNB, 1R & i

Introduction

The paper examines the performance of
high-rises as a building type according to
two green building / sustainability rating
tools. It reviews the potential these tools have
for improving the performance of high-rise
buildings, both with regard to the design

and the usage phases, with a particular focus
on the minimization of building materials
(and thus also of the carbon footprint and
the investment). The paper starts with a
presentation of Plot 15, the first LEED Platinum
certified high-rise in Russia.

The paper then focuses on two of the world’s
leading certification systems, viz. US-based
LEED and Germany-based DGNB. While for
the time being, LEED certainly is the more
widely known and used rating tool, DGNB
appears to offer several advantages inherent
in its comprehensive approach towards
sustainability in the built environment. But
what difference does this make for the
building performance — and how can it help
the designers? The article offers an in-depth
comparison between the two systems and
their respective strengths and weaknesses.
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Sustainability in High-Rises - The Case of Plot 15

The Plot 15 project in Moscow consists of two slender high-rise towers,
both reaching a height of 283 m. Based on lens-shaped floor plans, the
buildings are arranged symmetrically to each other, enclosing a 218
m-high sky garden. In the lower section both towers are linked by a
base building (see Figure 1).

As most other high-rise projects in Moscow, the building complex is
built as a concrete structure. The entire project was designed according
to the relevant Russian SNIP codes. The regular slabs are flat reinforced
concrete slabs with a thickness of 300 mm. To avoid punching of

slab at column location and to minimize the deformation for facade
supports, edge beams are designed around the perimeter. In several
levels, the two tower parts are linked by a wide-spanning slab.

The horizontal stiffness of the building is provided by several concrete
cores. As the basement was already erected when the redesign started,
the given cores were smoothly integrated into the re-design. Also, the
main columns of the already built below-grade structure continue to
be key players in the new load bearing system. To increase the overall
lateral stiffness and thus to reduce the required core walls, the two
towers are coupled with x-bracings.

The LEED Certification of Plot 15

LEED is an internationally recognized sustainable building certification
system overseen by the US Green Building Council. It provides third
party verification that a building has been designed according to its
methodology which prioritizes energy savings, water efficiency, CO,
emissions reduction, improved indoor environmental quality, and
stewardship of resources.

A building’s overall rating is based on the number of credits it
successfully meets, and is awarded based on the evidence provided

by the design team when applying for certification. Within each credit
category there are a combination of prerequisite credits which must be
met and a variety of credits that the design team can choose to pursue.
This means design teams can choose different combinations of credits
to achieve the same rating.

Plot 15 has now successfully been granted a Pre-Certification rating of
Platinum (according to LEED 2009). It is an energy and water efficient
building that will offer occupants high comfort levels. Full design of the
building was undertaken by the Werner Sobek Group.

From the outset of the project both the client and design team were
fully committed to achieving the first Platinum rated office building in
Russia. The building received an overall score of 86 points to achieve
this. All credits applied for were granted, except one, viz. PLF 3:
Occupant and Usage Data.

The LEED system was beneficial in providing a roadmap for increasing
the building’s ecological qualities. It was often beneficial to promote
the benefits of particular measures in terms of credits earned and
financial returns to ensure certain measures were adopted by the
designers and the investors alike.

Quite a number of water efficiency measures such as significant water
reduction consumption, green roofs, and stormwater management
were specifically included because of LEED. The building subsequently
uses 59% less water than a comparable baseline building. The volume
of stormwater that is discharged to the municipal storage system has

Figure 1. Plot 15 in Moscow, Russia —rendering. (Source: Werner Sobek, Stuttgart)
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been reduced by 85% through rainwater harvesting and intensive
green roofs. Furthermore, all rainwater that is captured is treated by
a system with a TSS treatment efficiency of more than 80% - thereby
ensuring discharged water is of a high quality (see Figure 2).

As Plot 15 is a commercial office building the client was keen to
ensure that tenants were responsible for their own cooling and that
this was consistent with the cooling systems provided for landlord
areas (for reasons of cost and ease of maintenance). The first designs
proposed Variable Refrigerant Flow VRF systems for both tenants and
landlords. Though this provided the flexibility the client desired, it
came at an energy penalty. By simulating and showing the impact on
LEED rating of the two options, the client was able to see the benefits
of a centralised cooling system for landlord areas. This centralised
cooling in combination with a high performance facade was crucial
to scoring highly on the Energy credits. Using the software Integrated
Environment Solutions (IES), ASHRAE 90.1 Simulations showed that
energy efficiency measures reduced energy costs by 30%.

Dynamic energy modelling in IES shows that the building consumes
32% less energy than a comparable building according to the
ASHRAE 90.1 Standard — the resulting savings are 24,520 MWh (-32%)
and 71,770 RUB (-30%) respectively per year” Plot 15 is estimated to
consume 52,710 MWh, while the baseline building was estimated

to consume 77,230 MWh. These savings were achieved from

space heating and cooling, fans, and internal lighting controls and
efficiencies as well as a high performance fabric.(see Figure 3).

The challenge of the project was to deliver real energy savings and
improved sustainability strategies with a very tight budget, for a
client who was very commercially astute. All technologies proposed
and improvements made were commercially viable with very little
extra-over costs for this.

Many renewable technologies were investigated in the early stages,
however the analysis showed that, given the spatial restrictions of the
building and budgets, the technologies would do very little to reduce
the overall environmental footprint of the building - for example, only
a very small PV plant could have been installed on the building roof
and this would have contributed a token amount of energy to the
building’s overall demand. Instead, sustainability and energy reduction
was incorporated within the design process of all disciplines.

What Difference Would LEED V4 Make?

LEED is adjusted at intervals to current building standards. This allows
for one’s own ideas to be positively assessed using the “Innovation

in Design” criteria in the system, thus enhancing and improving the
system. In 2013, a new system version LEED v4 was released, which
deals more specifically with current concerns and uses currently
applicable norms and guidelines as its assessment benchmark. This
section presents some of the criteria of the updated v4 system which
can be influenced by resource-efficient high-rises.

Area Efficiency

As was the case in LEED 2009, when an already developed site is built up
again or existing buildings repurposed, it will be positively assessed in v4.
This should counteract the increased incidence of soil sealing. Particular
emphasis is placed on land in densely built-up areas. The correspondingly
high property prices in these locations are ‘compensated for” with a

high score in the LEED system. The best assessment score is achieved
when the building covers a small area of land and the open spaces are
accessible to pedestrians and occupants of the building.
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Figure 2. Reduction of water consumption in Plot 15. (Source: Werner Sobek, Stuttgart)
2. Plot 1598 /> B9 Al 7k & (3k JB: Werner Sobek, Stuttgart)

Figure 3. Distribution of energy consumption in Plot 15. (Source: Werner Sobek,
Stuttgart)
FE3. Plot 1584 BEAE 4 (5 J&: Werner Sobek, Stuttgart)



Energy Efficiency and Water Management

As did its predecessor, LEED v4 also places special focus on the
economical use of energy and water. This is evident from the new
“Integrative Process” requirement, which calls for assessments at an
early design stage of the building’s energy and water consumption
that will be dealt with in later design stages. The category for the
assessment of water consumption has been extended to issues such
as the obligation to measure consumption and the consideration of
water consumption for cooling in buildings. A reduction in drinking
water consumption in the building is rewarded in LEED v4 with more
points than before. In addition to an adjustment to current standards,
other matters are also considered when assessing the energy
requirements: Consumption measurement is now mandatory in this
regard. The consideration of demand response programmes is new,
and is becoming increasingly important, particularly in countries with
peak electricity demand for cooling purposes.

Indoor Environmental Quality

In LEED v4 the number of points for the assessment of daylight
availability in the building has been increased. Verification can be
performed by various methods; the assessment is done in two stages.
For maximum points, however, a regular exposure to light of 909% of
the regularly used areas must be provided by daylight.

Materials and Life-Cycle Assessment

In LEED v4, new emphasis is placed on the life cycle of a building

(set as 60 years) and related resources in several credits within the
materials & resources category. In addition to the known criteria for
individual materials which assess the use of regional availability and
recycled components, environmental product declarations (EPD), and
materials with comparatively low environmental impacts are now
taken into consideration. In addition to the use of existing buildings,
newly constructed buildings and components can now be considered
in a cradle-to-grave life cycle assessment. The environmental impact
of the materials of the new building is compared to a reference
building of the same size, use, etc over 60 years. What is critical here

is that the construction of the reference building be based on typical
constructions for the corresponding building type and a minimum
energy quality of the building must be shown; the configuration

of components, however, is largly left to the user. The resulting
comparative value is therefore only partly representative. Since energy
consumption of the building is not included in the assessment of

this credit, an improvement of the thermal properties of the building
envelope or thermal mass of the structure will automatically give a
less favorable result as the use of materials usually increases with these
measures. This credit should therefore actually be taken in conjunction
with the requirement for assessing the energy efficiency - the most
important criterion in the LEED system; but at the moment, each
requirement is examined independently of the others. In this version,
the life cycle assessment is still a tool to optimize the design without
using its potential for a holistic approach.

Resource Efficiency

The ideal LEED project in terms of area efficiency was and is a high-rise
building, which is built on a redevelopment plot in a dense, mature
neighborhood with good access to public transport. Because the gross
floor area of the building contributes to assessing the density of the
surrounding neighborhood, high-rise projects win from the start, due
to the sheer number of Storys. The positive assessment of the Plot 15
project using LEED 2009 would therefore not change if LEED v4 were
used, but may well be slightly improved because of the inclusion of the
funding of compensatory measures.
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When performing the assessment using LEED v4, advantages would
certainly be gained from a life-cycle analysis comparing resource-
efficient high-rise buildings with conventional designs. Estimating
how a conventional design would have looked as a comparison value
and exactly what mass differences arise from the optimization would,
however, be difficult. For proper application of the criterion, defined
reference values would be desirable. With Plot 15, the design would
still be compared to conventional Moscow construction methods.
Since the criterion for assessing energy efficiency when compared to
the LCA can contribute to a much higher certification score, however,
one may well continue to focus on optimizing energy consumption
during operation, without contrasting this with embodied energy in
the construction when using LEED in the future.

To put it in a nutshell: The assessment of Plot 15 according to LEED
v4 would probably not lead to a significantly different result than the
assessment performed in LEED 2009.

DGNB - An Alternative Sustainability Certification for Plot 15?

Introduction

The DGNB certification system is a transparent assessment tool for the
sustainability of buildings. There are different assessment approaches
depending on the type of use. The principles of the system described
below are always the same, but the benchmarks vary depending on
the purpose of the building (e.g. different lighting requirements for an
office and a museum).

DGNB assessment is carried out in comparison with regulations
currently in force and measures other indicators in comparison with
average German and European building standards. Exact compliance
with regulations or standards corresponds to a score of 50% (Bronze
Certificate), while a Gold certificate requires a score of 80%. In each
criterion, the level of compliance may vary between 0% and 100% (full
compliance with the threshold value).

Sustainability according to DGNB is assessed based on five main
groups of criteria and various sub-groups. Equal weighting of the main
quality groups - ecological quality, economic quality, sociocultural and
functional quality, and technical quality — ensures that all aspects of
sustainability are considered. Location quality is also assessed, but does
not form part of the overall assessment (see Figure 4).

The assessment does not focus on individual measures, but on the
entire building over its entire lifespan (50 years). DGNB does not

rate, for example, the specific type of cooling system selected for

the building, but rather assesses thermal comfort (sociocultural and
functional quality) and tests either by simulation or measurement
whether thermal comfort requirements have been met. Cost and
energy consumption of the cooling system are considered in another
quality group and are included in the life-cycle costs or analysis.
Thus, different quality characteristics are never combined in a single
criterion. This gives the design team maximum freedom with respect
to optimization strategies.

In the following paragraphs, selected topics have been listed which are of
particular relevance with respect to resource-efficient high-rise buildings.

Priorities of the DGNB System in the Assessment of High-Rise
Buildings

In order to maximize the sustainability of a building, an integrated
design process is vital. This is the only way partially conflicting interests
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such as energy efficiency and comfort, or trade-offs such as alternative
investment of a fixed budgeted sum in either passive measures (such
as insulation, glazing, etc.) or active measures (such as efficient cooling,
low temperature systems, etc.) can be considered satisfactorily to best
advantage. Since it is generally recognized that this type of integrated
design process is an essential component of a sustainable building,
the DGNB assesses process quality separately, and accords it a possible
10% of the overall assessment.

Also, no individual measure is assessed on its own merits, but different
aspects are combined to give an overall value. In terms of high-rise
buildings such as Plot 15, this means, for example, that the rainfall
run-off which occurs as a result of its geometry or measures such as
rainwater harvesting and green roofs recede into the background, and
the assessment will be largely determined by water-saving fixtures and
the possible use of grey water.

The requirements to be met in LEED v4 to achieve a positive
assessment of area efficiency will also lead to a positive assessment in
the DGNB system. In addition, the DGNB offers a positive assessment
to achieving the highest possible floor space to gross floor area ratio.
This goal, shared with investors in terms of resource efficiency, is more
difficult to achieve for high-rises due to the relatively high surface
coverage for the support structure and vertical access for goods

and people. Special consideration in the design process is therefore
essential — a coordinated energy design in this regard can be as critical
as a high-quality structural design, which not only saves construction
area, but also avoids restricted usable spaces and niches.

Both effects on the environment and the cost of a building are
considered over the lifespan of the building. Buildings are responsible
for emissions and resource consumption not only in operation, but

in all stages of their life-cycle — including raw material extraction,
production and use, maintenance and decommissioning. The
resulting emissions cause a variety of environmental problems to
which the DGNB gives consideration: global warming potential,
ozone depletion potential, ozone formation potential, acidification
potential and eutrophication potential as well as renewable and
non-renewable primary energy consumption. In each case, the sum
of the environmental effects during the construction (‘grey energy”
or embodied energy) and occupation phases is assessed, so that, for
example, an energy payback in respect of insulation can be calculated.

While in terms of primary energy, the influence of building use today
usually still prevails, future efficiency targets will place increasingly

more importance on the structure of a building. A different picture

is already emerging with other parameters. The comparison shows

that a LCA-optimized design (and that means a particularly optimized
structural design for high-rise buildings such as Plot 15) can contribute to
environmental protection and to a better DGNB assessment (see Figure 5).

For the purposes of DGNB, a sustainable building must also, among
other things, be reasonable in terms of cost. As with the LCA and
water consumption, individual aspects are not considered on their
own, but in the light of the building’s performance over its lifespan. All
costs are calculated over a period of 50 years. The life cycle costs make
up between 11% and 13.5% of the building assessment, depending
on the type of use. On the one hand, this weighting within the
system reflects its importance for investors; on the other, it prevents
one from being able to simply “buy”a Gold certificate by including
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any combination of arbitrarily chosen measures. Without sensible
optimization and as a result, a good rating for life cycle costs, the DGNB
Gold certificate is practically impossible to obtain.

Consequences of the DGNB System in the Assessment of High-
Rise Buildings

The examples given above indicate that a high-rise building has both
advantages and disadvantages as a result of the type of certification
process selected. Because tower blocks are typically located in city
centres, mostly positive assessments come from the criteria focusing
on infrastructure. However, in DGNB this does not carry quite as
much weight as in LEED. The DGNB system thus immediately reveals
possible planning weaknesses.

To counteract this effect, close collaboration between the architect,
technical building equipment designers and structural engineers is
essential to achieve an LCA-optimized, resource-efficient building.
The reward and the learning curve associated with this process is
found in process quality, which is why integrating DGNB certification
into the design process can have a positive influence on complex
buildings such as high-rises.

Conclusion

This paper has shown how the design process of high-rise buildings
can be significantly improved through the use of certification systems
such as LEED and DGNB. Especially in countries where sustainable
building strategies are not yet very strongly rooted in planning

culture or in statutory regulations, targeting sustainability assessment
at an early stage can achieve important benefits. This statement
applies to both assessment systems considered, i.e. LEED and DGNB.
Nevertheless, there are important differences between the two systems
in the weighting of individual factors and in creating an overall view.

In LEED, the change from the 2009 version to v4 only partially resulted
in adjustments to current regulations. In general, high-rises assessed
using the LEED system have an advantage over other types of
buildings due to their efficient use of space. Because the DGNB system
makes a holistic assessment with equal weighting of different qualities,
building high-rises does not automatically lead to a better (or worse)
rating. Rather, a finely graduated observation is made possible, which
gives designers a variety of design options to work with.

For simplicity, we can say that LEED is particularly suitable for a simple
assessment of ecological qualities, while DGNB is a complex tool for
defining, planning and assessing all sustainability qualities in detail for
both designers and builders. Both systems can and should be seen not
only as systems for the assessment of completed buildings, but also,

and more importantly, as design optimization tools. Without rating
systems there is no reliable way to predict the energy and environmental
efficiencies of a building. The rating systems provide a scientific and
quantitative measure about the optimal performance of the buildings.
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