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ABSTRACT. There is an untapped potential for reducing GHG emissions by district renovation. It
needs a detailed Energy Master Planning (EMP) of the district and support for the decision-making
processes. If applied in a comprehensive manner it can contribute significantly to reducing energy
consumption and thus to a long-term sustainable development of districts and climate neutrality in our
cities.

The EMP typically includes combinations of energy supply and consumption, but it is equally
important to understand the different solutions for district renovation. The multi-owner structure in
many districts requires another set of solution finding that is embedded in potential analysis, stakeholder
analysis, participative planning, and multi-actor-Management. A district near Winterthur, Switzerland
was used as a case study. Site visits and structured interviews with key stakeholders were used to collect
data which was then used to model the technical-economic situation and to determine the possibilities
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for the future.
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1. INTRODUCTION

Previous research shows, that renovation strategies
on building level need to be derived from the energy-
efficient renovation of buildings and the use of renew-
able energy sources to reduce the energy supply of
regions or cities. The combination of energy efficiency
and renewable energy sources covers both energy sup-
ply and demand in the built environment. In this
sense, the renovation of buildings is a suitable strat-
egy to reduce demand, while the use of renewable
energy aims to reduce carbon dioxide emissions from
the energy supply system.

However, identifying technical solutions is not
enough to implement large-scale renovation strate-
gies and to achieve the predicted decarbonization of
the building stock. The renovation rate in Europe is
clearly below the 3 percent annual target [I} 2]. Some
of the main barriers to remediation relate to remedia-
tion costs and access to finance, as well as complexity,
awareness, stakeholder management and supply chain
fragmentation [II [3].

As a result, business models are relevant to imple-
mentation and acceleration of renovations. Seddon
et al. [4] define “business model” as the outline of
essential details of a firm’s value proposition for its
various stakeholders, and the activity system the firm
uses to create and deliver this value proposition [5].
In other words, a business model is the abstraction of
a strategy, focused on the system of activities through
which a firm creates economic value.

Opportunities to reduce greenhouse gas emissions
through neighborhood renovations are largely un-
tapped. It requires not only in-depth energy plan-
ning (EMP), but also the support of decision-making
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processes [4]. This can not only significantly con-
tribute to reducing energy consumption and ensuring
the location of energy infrastructure (production, dis-
tribution, storage), but also to long-term sustainable
development of districts and climate neutrality of our
cities.

1.1. ENERGY AND EMISSIONS

To be able to reduce GHG emissions in the built envi-
ronment it is important to focus on the reduction of
CO2 emissions from the operation of the buildings [6].
The reduction of energy use should come from the
implementation of efficiency measures through energy
renovation of the building stock. Another possibility is
the decarbonisation of the energy supply with on-site
renewable energy measures.

However, in renovation planning it is often unclear
which energy supply options are available and what
influence the energy renovation has on CO4y emission
reductions.

1.2. REDUCTION PATHS AND ITS ELEMENTS

A two-phase approach is proposed to reduce carbon
dioxide emissions: First, reducing energy consumption
with efficiency measures in connection with the reno-
vation of the building stock. Secondly, CO5 emission
reductions from on-site renewable energy supply.
When it comes to costs and financing, it is crucial
to relate different measures with different stakehold-
ers. Energy supply is a political (municipal) matter,
but the renovation of residential buildings mostly de-
pends on the owners [6]. In order to achieve carbon
reduction goals, it is important to find ways to involve
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FIGURE 1. The settlement seen from above with eight building blocks containing 51 row houses.

homeowners in long-term carbon reduction investment
strategies [7].
This case study was modelled with different power

supply options and the performance was simulated [T].

The performance gives energy consumption over a year
and with energy prices the costs were calculated. The
cost savings could then be used in part to finance
an energy-efficient renovation. In the base case, fossil
fuels (oil) are delivered to the district and different
power supply options offer energy and cost savings
compared to the base case. After that, the energy
saving measures are calculated, which lead to energy
cost savings for the building owner. Finally, local
renewable energy sources are integrated into the roofs
of the buildings which provide electricity production
and income when sold to the utility company. The
final investment costs are calculated and presented to
the building owners.

2. CASE STUDY

2.1. SITUATION

Settlement 51 in Dinhard was built in a first stage in
1974 and in a second stage in 1977 as a cooperative
settlement. Eight blocks contain 51 row houses as
shown in Figure The row houses have different
sizes and different number of rooms (3.5 rooms, 5.5
rooms and 6.5 rooms) resulting in different row house
types. Some of the houses are already being retrofitted
with new windows and additional roof insulation, but

so far no district renovation (of all houses) took place.

The heating center in front of Block F next to the
swimming pool (in white in the middle lower part)

supplies all row houses with heating and hot water.

The oil boiler with 465 kW heat output was replaced
in 2019.

2.2. ENERGY CONSUMPTION

An average of 99 370 liters of oil (average for the years
2000 to 2014) was consumed in the district. With an

average energy reference area of a row house of 140 m?,
an energy figure for heat Ey = 140kWh/(m?a) can
be found. This value is somewhat below the Swiss
average for older, non-refurbished residential buildings
(Ewavg = 160kWh/(m?a)) [3].

2.2.1. ENERGY SUPPLY OPTION

Three different building standards (Standard 1, 2 and
3) with different peak power was modelled. For each
building standard, the following energy supply options
were considered [I].

¢ Oil boiler (status quo), centralized system with
distribution system.

e Qil boiler for heating, HP system for DHW.

> Qil boiler for heating, centralized system with
distribution system.
> Decentralized heat pump system for DHW.

e Ground source heat pump, centralized system with
distribution system.

o Pellet boiler, centralized system with distribution
system.

2.2.2. ENERCY, COSTS AND EMISSIONS

The simulations provided energy consumption results
for each option. These were taken as input for cost
and emission calculations. The following assumptions
were considered as shown in Table (1| (energy costs
and emissions), Table [2| (investment costs), Table
(maintenance costs) and Table [4] (energy costs).

3. RESULTS

The results of the case study are presented in energy
use, investment and maintenance costs as well as
energy costs, and GHG emissions. The link between
costs and emission reduction will then be presented
to the investors/housing owners.
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Energy carrier Costs Emissions
Electricity 0.15 CHF/kWh  0.25kg COqeq/kWh
Pellets 375 CHF/t 0.01 kg COgeq/kWh
Oil 1.05 CHF/1 0.28 kg CO2eq/kWh

TABLE 1. Energy costs and emission factors of different energy carriers.

Central oil boiler

Unit CHF Oil boiler + dec. HP boiler GSHP Pellet boiler
Electricity 0 7500 34290 0
Pellets 0 0 0 60000
Oil 84000 68250 0 0
El. for pumps and motors 2000 1800 2000 2000
Total energy 86000 77550 36290 62000

TABLE 2. Investment costs of different supply options (in CHF).

Central oil boiler

Unit CHF Oil boiler 1 dec. HP boiler GSHP Pellet boiler
Cleaning, control, fees, services 2500 2000 1000 2500
Repair fond 3400 6570 5000 6480
Total 5900 8570 6000 8980

TABLE 3. Maintenance costs (in CHF).

Central oil boiler

Unit CHF QOil boiler + dec. HP boiler GSHP Pellet boiler
Electricity 0 7500 34290 0
Pellets 0 0 0 60000
Oil 84000 68250 0 0
El. for pumps and motors 2000 1800 2000 2000
Total energy 86000 77550 36290 62000

TABLE 4. energy costs (in CHF).

Annual energy use Typel Type2 Type3d Type4

[KWh]
Block A 135564 5 1
Block B 135564 6
Block C 170680 1 5 1
Block D 194972 1 7
Block E 146388 1 ) 1
Block F 189878 1 6 1
Block G 124643 0 5
Block H 97168 0 4

Sum 1194858 3 1 43 4

TABLE 5. Energy use.

Unit kWh/(m?a) Typel Type2 Type3 Type4

Heating 118 118 118 118

DHW 22 22 23 24
Electricity 244 31.6 36.3 39.12
Sum 164.4 171.6 177.3 181.12

TABLE 6. Energy use in different housing units.
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Renovation measure Description Investment costs
[CHF]
Roof tiles + wind barrier + 30 cm insulation + vapour 653 158
barrier

Facade + new windows + insulation panels + doors 705944
Ventilation Ventilation unit + heat exchanger + ductwork 324602

1339 PV modules + fastening structure + inverter
PV * g - tnverter = 709 322

cabling

1339 PV modules + inverter + cabling, partly

integrated with 354 m2 solar thermal collector
PVT modules solar thermal collector (5, 6, 7, 8m? for 852422

building types 1, 2, 3, 4 respectively) + piping +
storage tank
TABLE 7. Renovation measures with investment costs.
Operational energy Energy savings CO; emissions CO2 emissions savings
Ref 1212971 - 322688,35 -
Reno 1 roof 938563 274409 242573,05 80,1
Reno 2 roof+fassade 801354 411617 202069,10 120,6
roof + facade +
Reno 3 balanced 664146 548826 161565,16 161,1
ventilation

Reno 4 renol+PV 821331 391641 224425,58 127,8
Reno 5 renol+PVT 740929 472042 201384,15 150,8
Reno 6 reno2+PV 679185 533786 183157,37 169,1
Reno 7 reno2+PVT 603721 609251 160880,20 191,3
Reno 8 reno3+PV 541977 670995 142653,43 209,6
Reno 9 reno3+PVT 466512 746459 120376,25 231,8

TABLE 8. Renovation options.

3.1. ENERGY

There are a total 8 different blocks with four different
types of row houses (type 1, 2, 3, 4). Energy use
in the eight different building blocks is illustrated in
Table[Bl A total of 1195 MWh is used.

Table E] summarizes the energy use per m? heated
floor area for heating, domestic hot water (DHW)
and electricity. The different types have different
annual energy use between 172kWh/(m?a) (type 1)
and 181 kWh/(m?a).

Table [ shows the different renovation measures
for the eight buildings. The first measure focuses on
the roof and adds a vapour barrier, 30 cm insulation,
a wind barrier and new tiles. The investment costs
for this measure were calculated to 653 158 CHF. The
second measure focuses on the facade and includes
changing doors and windows as well as insulation pan-
els underneath the windows. The investment costs
for this measure were calculated to 705944 CHF. The
third measure includes a balanced ventilation system
consisting of a ventilation unit per house, heat ex-

changer and ductwork. The investment costs for this
measure were calculated to 324 602 CHF. The fourth
measure includes a PV system on all roof surfaces,
including fastening structure and cabling as well as
inverters. The investment costs for this measure were
calculated to 709 322 CHF. The fifth measure includes
a PVT system, adding to the PV system solar ther-
mal collectors (5, 6, 7, 8 m? for building types 1, 2,
3, 4 respectively), piping and a storage tank. The
investment costs for this measure were calculated to
852422 CHF.

The five measures were combined to nine different
renovation options (Reno 1 to Reno 9). It follows
step by step renovating the roof, the facade, and then
integrating the different technologies PV and PVT in
different options as listed in Table 8| The energy use
and savings were calculated for heating, DHW and
electricity separately. In the case of PV, a separate cal-
culation included a share of self-consumption (30 %),
and the economic implications which arise from dif-
ferent tariffs for purchasing and selling electricity [8].
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FIGURE 2. Economic evaluation of the renovation options (PBP and NPV).

In the two columns on the right the COs emissions
of each renovation option is shown together with the
potential savings compared to the reference case.

3.2. ECONOMIC EVALUATION

Figure [2| shows the net present value (NPV) and pay-
back period (PBP) of the different renovation options
(Reno 1 to Reno 9) without the different options for
energy supply. It can be seen that the PBP varies
between 16 (Reno 4) and 25 (Reno 3) years. With
the chosen discount rate of 3.5% and a lifetime of
25 years two renovation options have positive NPV
(option 4 and 5) and are economically feasible.

However, renovation option (Reno 1, Reno 7, Reno 8
and Reno 9) are very close to a positive NPV and in
combination with a wood pellets boiler they become
also economically feasible.

The payback periods are lowest for renovation op-
tions (Reno 4) (15.5 years) and (Reno 5) (15.4 years).
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The highest PBP shows renovation option Reno 3
(24,5 years). Eight renovation options show a PBP
below 20 years (Reno 1, Reno 4, Reno 5, Reno 6,
Reno 7, Reno 8 and Reno 9).

3.3. GHG EMISSIONS

Table [§] gives the GHG emissions and the savings of
the different renovation options. We included invest-
ment as well as maintenance and energy costs of the
supply options. Figure [J]shows investment costs over
the saved COy emissions of the different renovation
options for different supply options (see Table [3)) over
the period of 25 years.

The lowest costs per t COs provides the renovation
of the roof (Reno 1) in combination with a wood
pellets boiler (100 CHF/t CO3). The other renovation
options are more expensive with (Reno 6) providing
the highest costs (489.4 CHF/t COz).

Further, costs are always highest for the oil boiler
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FI1GURE 3. Economic evaluation of the renovation options with different supply options.

option, while the two GSHP solutions rank second
and the wood pellets solution is always the cheapest.

The renovation options (Reno 2), (Reno 4) and
(Reno 5) (options 4 and 5 have a positive NPV) with
wood pellets boiler provide the second lowest costs
(205, 196 and 214 CHF /t CO4 respectively).

4. CONCLUSIONS

The results of the case study clearly show the po-
tential to save energy and greenhouse gas emissions.
Correlation with the necessary investment and main-
tenance costs and energy costs shows that at least two
basic improvement options are advantageous. Here,
the economic advantage of the energy savings of roof
renovation is combined with regenerative energy pro-
duction on the roof. When presenting the emission
reductions and avoided costs, it becomes clear that
this effect can be strengthened by additional fees for
greenhouse gas emissions. In this case, as the fees
increase, depending on the COs level, more renovation
options become financially viable.

Several renovation options are close to economic
profitability, and especially the renovation options
(Reno 1, Reno 7, Reno 8 and Reno 9) become feasible
with a combination of wood pellet boilers. This is due
to several reasons. First, the CO; payment savings are
greater. This is due to the higher COq savings of the
delivered energy. With the COq coefficient of wood
pellets, 0.036 kg/kWh has been calculated, compared
with the CO2 coefficient of oil of 0.295 kg/kWh. The
economic benefit of each saved kWh consists of en-
ergy costs and a higher CO5 payment saved. Finally,
the renovation versions Reno 4, Reno 6 and Reno 8
produce electricity. While the self-consumption rate
(30 %) lowers energy costs, the excess of electricity is
sold to the grid. This lowers energy costs and increases
CO5 payments.

In the renovation options Reno 5, Reno 7 and
Reno 9, additional hot water is produced in PVT
collectors. The share of own consumption (43 %) is
used directly for hot water in buildings. The remain-
ing part (57 %) is not used. However, it can be used

for other purposes (such as heating the swimming pool
or heating other neighbours). We want to explore the
possibilities of using this extra heat for other purposes
in the next phase of research. In this work, each
building has a small part of the roof with a solar heat
collector (5, 6, 7, 8m? for building types 1, 2, 3, 4).
If all roof areas were supplied with PVT, the excess
heat could be stored in seasonal storage increasing
the use of locally produced renewable energy and the
district’s self-sufficiency.
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