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EXECUCTIVE SUMMARY

1. BEM Services were instructed to complete a review of the possible use of Low and Zero
Carbon (LZC) technologies as the end client, XXXXXX City Council, has sanctioned a Climate
Emergency and is due to issue new guidance with possible funding opportunities. Various
factors have been considered through the production of this report, including location,
existing utility connections, current use of the building and costs.

2. Aswith any energy review the ideal solution is to reduce the energy usage within the
building, so we would recommend reviewing the types of electrical equipment used in the
building such as computers and projectors, etc, which should all be A+ energy rated. The
building envelope should also be reviewed, for example can the windows be upgraded to
triple glazing or another layer of insulation within the roof space.

3. An Air Source Heat Pump (ASHP) is the ideal solution for generating heat for space
heating and hot water but there is a limitation due to the requested retention of the existing
old column radiators. Also, it is considered effective when used with Solar PV because this
system can supply renewable electrical energy for the ASHP and therefore very low carbon
footprints.

4.  From an engineering and environmental point of view, the best option is to install a
hybrid ASHP system with PV Panel supporting this which will reduce the electricity usage and
carbon footprint significantly. This combination will enable the building to achieve a very high
rating on the Energy Performance Certificate (EPC) scale.

5.  From a capital cost perspective standalone ASHP system installation costs are higher
than a gas boiler but will be similar cost to run as a gas boiler. This is based on today’s costs
but we expect gas prices to rise and electric prices to fall in the coming years as the
Government penalises carbon based fuels. This will make ASHP’s more cost efficient.

6. The main downside to generating electrical power as part of this project, whether it is
through PV Solar Panels, Wind Turbine or CHP, is that it may not be possible due to technical
issues to sell it back to the utility supplier, so this systems should be designed based on building
consumption alone.

7.  Insummary, from an engineering and environmental point of view, the best option is to
install a hybrid heat pump system to provide heating and domestic hot water production.
Also, installing PV panels to the roof will reduce the electricity usage and carbon footprint
significantly and the electricity production from PV can be used at hybrid heat pump. This
combination will enable the building to achieve a very high rating on the Energy Performance
Certificate (EPC) scale. But due to the complexity and high capital costs of hybrid heat pump
systems, a CHP system with back-up traditional boiler system with PV panels is a more
realistic option and this should be located in the existing basement plant room.



INTRODUCTION

1. BEM Services have been asked to review the possible use of Low and Zero Carbon (LZC)
technologies within the XXXXXXXX training centre. The main energy consumption is space
heating and hot water production. The building is currently supplied with gas, water and
electrical power by local utility companies, these are metered supplies.

2. Thisreport will consider all space heating, power generation and hot water technologies
that could be applied to the building. The report does provide some financial evaluation and
environmental impact of each option but some assumptions have been made in these
calculations.

Existing Gas System

3. Gas Systems traditionally consists of a boiler, pumps and radiators to provide heat and
hot water. The main working principle of this system is burning natural gas or LPG to transfer
heat to building using water as working fluid. The system is usually designed for 80 °C supply
and 60 °C return. Nowadays, commercial boilers have 95% efficiency with low NOx emissions.
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4.  The existing boiler system capacity is 460 kW. The old boilers can be replaced by Ultra
Low NOx Condensing Boilers, which is more efficient and environmentally friendly thus
reducing the carbon footprint.



Air Source Heat Pump (ASHP)

5.  ASHPs take heat within the air (down to 5 °C) and use refrigerant to move this heat to
inside the building to heat water cylinders. They look similar to air conditioning units and
work in a similar way. They are becoming more reliable as the technology develops but still
have an electrical backup to ensure the required amount of heat is provided. They are highly
efficient when compared to heating by gas or oil. The efficiency of ASHP determined by
coefficient of performance (COP).

6.  ASHP systems are more efficient with underfloor heating systems. This system is usually
designed for 40 °C supply and 35 °C return. Underfloor heating systems ensures comfortable
environment because of homogenous heat distribution. The downside of this system is
capital cost and possible system break downs during extreme cold weathers such as -10 °C
outside temperatures. COP of around 4 can be achieved.

=

Air Source Heat Pump

f © expansion valve \

Condensed

J refrigerant
I
b

. Refrigerant in tubes

| 02w

e,
= =k =

7. Kedleston Road Training Centre cannot use a single ASHP system due to the old column
radiators needs 80 °C water supply.

Hybrid Heat Pump (2 Stage Heat Pump)

8.  The hybrid heat pump systems works with 2 stages, first stage is the ASHP which uses
ambient air to heat up the water up to 35 °C. The second stage which includes water source
heat pump (WSHP) uses the water heated by AHSP. The preheated water at 35 °C stored at

water storage cylinders and WSHP boost this preheated water up to 80 °C.



0. The main advantage of this system is that it can be used with traditional column
radiator system due to the capacity of high water temperature supply. Also the COP of this
system is high which means efficient. This system has an overall COP of 2.5.

10. The typical schematic of the hybrid heat pump system can be seen below:
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11.  The main disadvantage of this system is the capital cost is very high due to the complexity
and the technology of the system. Also, bigger plant space needed for thermal stores and 2
heat pumps.

Combined Heat and Power (CHP)

12.  CHPs can run off gas, oil or biomass sources. They generate heat (through a water jacket
and pump system) and electrical power from a generator. They are generally reliable and do
require some maintenance (oil and air filter changes, etc). Using biomass as a source of energy
is the preferred method and gas is an option but oil powered CHPs would carry a high carbon
penalty and are not recommended.

13.  CHPs require maintenance space and can be noisy when near office and residential
spaces. They have to be sized accurately as over-sizing means that they run in-efficiently for
most of the time whilst under-sizing means that the building isn't making best use of the
technology. They can also feed excess power to the utility company but these companies buy
energy much cheaper than they sell.

14.  With the potential noise issues and the chance that excess power can be sold back to the
utility company very much cheaper, CHPs are needed to be considered deeply.

15. Also, single CHP system cannot be viable for this building due to the limited electricity
consumption. The building needs 400 kW thermal capacity and the CHP system with this
capacity will produce 200 kW electricity which is far more than the consumption. Therefor the
CHP system should be combined with traditional boiler to provide base heat and electricity
loads.

16. The basic combination for this building is to put CHP with 100 kW thermal and 50 kW
electrical output. This system will provide approximately 1/3 of the heating load.



Building Heat Load and Comparison of Different Systems

17. To ascertain the best space heating option we need to know the heating load so we
requested the energy bills for the building and compare the options based on consumption.
The energy consumption can be seen below:

Ser Month Electric (kWh) Gas (kWh)
1 May-19 3,910.00 13,826.20
2 Jun-19 3,846.60 9,849.50
3 Jul-19 3,373.50 2,910.10
5 Aug-19 3,010.70 3,628.30
6 Sep-19 3,420.40 8,328.90
7 Oct-19 6,445.40 20,494.00
8 Nov-19 5,746.40 41,988.80
9 Dec-19 5,541.70 44,538.40
10 Jan-20 5,391.10 44,308.10
11 Feb-20 5,057.10 38,703.40
12 Mar-20 5,547.20 37,078.00
13 Apr-20 3,320.40 16,518.20
14 | Total 54,610.50 282,171.90

The period between May 2019 to April 2020 is taken to reduce the effect of Covid19
pandemic.

18. The fuel consumption is the first step to compare different systems.

e Annual heat load consumption calculated by energy bill provided by building manager
and the total heat load is 282,171.9 kWh for 1 year period.

Gas Consumption due to boiler efficiency of 95%
Annual Gas consumption=282,171.9 /0.95= 297,023.05 kWh

Gas Consumption due to combined CHP with boiler thermal efficiency of 86.2%
Annual Gas consumption=284,706.7 /0.862 = 335,125.14 kWh
(Electricity production taken into account at running cost and carbon footprint)

Electric Consumption due to ASHP COP of 3.64
Annual Electric Consumption= 284,706.7 /3.64= 77,519.75 kWh

Electric Consumption due to Hybrid HP COP of 2.5
Annual Electric Consumption= 284,706.7 /2.5= 112,868.76 kWh

19.  Annual running costs is one the most important parameter to decide the heating
system. In the UK, the natural gas price is approximately 3 pence per kWh and the electricity
is approximately 14 pence per kWh. Based on these prices annual running costs can be
calculated as:



e Annual Gas Price for Boiler System=297,023.05 x 0.03 = £8,910.69
¢ Annual Gas Price for combined CHP System= 335,125.14 x 0.03 = £10,053.8
(The electricity production for the CHP is 47,302.87 kWh which will offset £6,622.4)
The annual running cost for the combined CHP system is £3,431.4)
e Annual Electricity Price for ASHP=77,519.75 x 0.14 = £10,852.77
e Annual Electricity Price for Hybrid HP = 112,868.76 x 0.14 = £15,802
e Yearly saving using combined CHP rather than gas boiler=£5,479.34
20. The gas price in UK is very cheap but it needs to be considered with government
incentives and to encourage people to use low carbon technologies it will increase but for
now running cost for gas system is lower than ASHP system.
21. The chart below shows running costs of different systems over 20 years.
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22. The environmental impact of each system can be compared by annual CO2 emission. To
calculate CO2 release of each system government emission conversion factors for
greenhouse gas needed. From government report the CO2 equivalent for natural gas is 0.204
kg CO2/kWh and for electricity is 0.255 kg CO2/kWh.

e Annual Carbon Footprint for Gas System = 297,023.05 x 0.204 = 60.6 tonne CO:

e Annual Carbon Footprint for combined CHP System = 335,125.14 x 0.204 = 56.3 tonne
CO:

e Annual Carbon Footprint for ASHP = 77,519.75 X 0.255 = 19.7 tonne CO;

e Annual Carbon Footprint for Hybrid HP = 112,868.76 X 0.255 = 28.7 tonne CO:



23. Aswe can see from above carbon footprint of ASHP system is very low compared to gas
and CHP. Also we need to consider with increasing of renewable electricity generation at grid
will decrease CO2 equivalent of electricity which will make the ASHP system more eco-
friendly.

24. The chart below shows carbon footprint of different systems in 20 years.
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25. One of the best options to make the building nearly zero carbon footprint is to combine
ASHP with PV panels to provide electricity to system from renewable source. The next section
will describe PV panel systems and estimate the PV output for the building.

Photovoltaic (PV) Solar Panels

26. Photovoltaic solar panels are increasingly more efficient at converting the sun’s rays into
electrical energy and are best located on the building roof to avoid shading from surrounding
buildings. They require cleaning and regular (once every two year) inspections and excess
power generated by the panels can be sold back to the utility provider (subject to utility
supplier conditions). Current manufacturers can guarantee their products for up to 25 years.

27. The panels do have a relatively low purchase and installation cost which makes the
payback period long (normally 7-8 years). Safe access is required for maintenance and
cleaning which also adds to the running costs. Although excess power can be sold back to the
utility company recent experience has shown that some companies are restricting this as the
power put into the national grid system is causing technical issues (harmonics and spiking) so
this may not be possible. It is understood that the structure of the roof has already been
designed to take the load of the panels.

28. Thereis no guarantee that the excess power can be sold back to the utility provider so
the PV capacity should be designed for supplying base load or Lithium ion batteries could be
an option. The downside of this batteries is high capital cost and longer payback periods. The
use of power storage batteries will only be beneficial if the power demand is later in the day
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than the power production, to ascertain this it is recommended that a power usage survey is
completed over a typical winter month.

29. The available roof space is flat and the total area is 200m?. The roof is suitable for
approximately 120 new technology PV panels which have an area of 1.65 m? each.

30. To calculate the predicted annual output of the system and find out monthly energy
production. The calculations based on PV efficiency, total PV area and Solar irradiance from
NASA data base for UK. The solar irradiance based on 50 degree tilted southern face surfaces.
The available area is 200 m2 and commercial PV panel efficiency is around 20% in the market.

PV Output=Area x Solar Irradiance x Efficiency

31. Aswe can see from the table predicted annual production according to our calculation is
33,286.01 kWh.

Ser Month Solar Irradiance Production Production
(kwh/m2/day) (kw/day) kWh/month
1 | January 1.30 42.24 1,267.11
2 | February 1.92 62.38 1,871.42
3 | March 2.73 88.70 2,660.93
4 | April 3.55 115.34 3,460.19
5 | May 415 134.83 4,045.01
6 |June 410 133.21 3,996.27
7 | July 4.16 135.16 4,054.75
8 | August 3.99 129.64 3,889.05
9 | September 3.15 102.34 3,070.31
10 | October 2.39 77.65 2,329.53
11 | November 1.60 51.98 1,559.52
12 | December 1.1 36.06 1,081.92
13 | Total 33,286.01

32. The building electricity usage is 54,610.5 kWh annually and PV panels can provide 60% of
the demand and decrease electricity usage to 21,324 kWh. Proposed system can save up to
£4,660 yearly and reduces the CO2 released by 8.5 tonne.

33. The capital cost of this PV system approximately £40,000 and in 7 years it will pay for
itself. The detailed payback calculation can be found as an Enclosure.
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34. The comparison between building load and PV generation shown below:
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Mechanical Ventilation Heat Recovery

35. To reuse the heat produced within the building (from people, computers, etc) a
Mechanical Ventilation Heat Recovery (MVHR) unit should be installed. This could be
decentralised (one per floor) or centralised (one for the building). MVHR’s can be up to
around 90% efficient so most of the heat is reused to warm the incoming air.

36. MVHRs have to be carefully located as the fan noise can affect classrooms and quiet
areas. They also require some maintenance so space and access panels are required. With
careful consideration, an MVHR system is recommended on each floor but as the building is
not designed for mechanical ventilation it will be challenging and expensive to install this
system.

Other Options
37. Other options that have been considered but rejected are:

a.  Ground Source Heat Pump - Insufficient ground space and high cost.

b.  Solar Thermal panels - A possible option but with a small roof space Solar PV is
more effective.

c.  Battery/ Fuel Cells - These are a new technology and not suited to this scenario as
the energy usage is generally at the same time as energy production from the Solar PV
panels.

d. Biomass Boilers - These require a lot of space and recent experience is that they
are un-reliable with wood pellets becoming more expensive they are un-economical.
e.  Hydro-electric power - No natural water source

f. Rainwater Recovery - This may be possible but with fresh water being so cheap it
has a long pay back period.

g.  LED Lighting - This is now considered standard and is highly recommended to
reduce the building electrical load.

12



Plant Room Location

38. The location of the plant room is also a factor within the LZC Technologies. For example
a hybrid heat pump system takes up far more space than a CHP or ASHP. A boiler also needs
a flue to exhaust the flue gases to. The four possible plant room locations are shown on the
enclosed drawings and these have various advantages and disadvantages.

a.  Option 1. This option will see the re-use of the existing plant room. This area only
has minor evidence of damp but in extreme conditions could floor. Itis connected
to the existing flue. This area is well insulated so noisy equipment won't be heard.
It already has a gas and electrical supply to it.

b.  Option 2. This option would see the old kitchen either demolished to create space
or re-configured as a plant room. This room isn't connected to the existing flue
and would need to be insulated if noisy equipment is to be installed. This room
doesn’t have a gas, water or electrical supply to it.

c.  Option 3. This would see a display room directly above the existing plant room re-
configured as a plant room with the construction of a new wall. This room could
be connected to the existing flue but doesn’'t have a gas, water or electrical supply
to it.

d. Option 4. This would see the existing Despatches room divided up with a new
partition wall to create a new plant room. The new room would need extensive
work to connect to the existing flue. It would need sound insulation and it doesn’t
currently have a gas, water or electrical supply to it.

39. Having reviewed these options the re-use of the existing plant room is recommended as
it already has flue, gas, water and electrical connections to it. It is well sound insulated
(especially if a CHP is used) and with the use of plinths equipment can be raised off the
ground to protect from flooding.

SUMMARY AND RECOMMENDATIONS

40. If we have taken into account the capital cost a single boiler system is the best solution
but gas prices could change in the future as the Government looks to penalise carbon using
energy sources. On the other hand, if we compare the systems based on carbon emissions to
follow governments 2050 target single ASHP system has the lowest carbon emissions but it is
not viable for this project because of traditional column radiators and old distribution system.
The second-best option according to carbon footprint is hybrid heat pump system which is a
more complex and expensive system.

41. The most cost-effective heating system for this project is combined CHP system to
provide base heating and electrical load for the building. This system also needs high capital
cost but it is lower than hybrid heat pump system. On the other hand, environmentally it has
problems due to the high gas consumption but CHP system is more eco-friendly than
traditional boiler due to the electricity production.

42. The PV system is the best option for electricity production only. The capital cost of the
system is not high as heat pumps or CHP. The PV system can reduce carbon emissions

significantly but it should be taken into account the intermittence of the source and shading.
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43. In summary, from an engineering and environmental point of view, the best option is to
install a hybrid heat pump system to provide heating and domestic hot water production.
Also installing PV panels to the roof will reduce the electricity usage and carbon footprint
significantly and the electricity production from PV can be used at hybrid heat pump. This
combination will enable the building to achieve a very high rating on the Energy Performance
Certificate (EPC) scale. But due to the complexity and high capital costs of hybrid heat pump
systems, CHP system or traditional boiler system with PV panels can be more realistic option
and this should be located in the existing basement plant room.

ENCLOSURES

2038-DR-M01-001 - PROPOSED PV LOCATIONS

2038-DR-M01-002 - PROPOSED PLANTROOM LOCATIONS

2038 _PV Production Estimation

2038_System Comparisons

Enclosure 1 Summary of Installation and Running Costs
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